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FOREWORD - DIGITAL PASTS FOR THE PRESENT

The 2" CAA-GR conference

The organisation of the"2CAA-GR conference in Athens aimed to keep up the momentum that had been
created by the inaugural CABR 2014 conference. Athens was chosen as it provided a vivid location for
widening the CAAGR outreach wittthe participation of academics, researchers, professionals in the public and
private sectors, students and further audience interested in digitalgbeaitglications. Despite the limited
means available, conference participation was kept as open ddgdssaddition, K. Papadopoulos, E. Kotoula
and K. G. Akoglu and G. Cantoro kindly agreed to teach two workshops omp@ational Imaging for
Cultural Heritage” and “Historical landscapes through Aerial Photogretry” respectively.

The conference receive®ll oral and 10 poster presentations by pHbticipants, representing universities
and research centres, public institutions and private bodies (learned socidtieal foundations and heritage
companies) in Greece and abroad. Another 75 peeglstered for the conference, alongside a significant
number of postgraduate and undergraduate students from the hostimgionstinany of whom provided their
help towards the seamless orgatign of the meeting. J. Pakkanen kindly agreed to deliver the keynote
presentation on the use of computer applications in the Kyllene HarbgectPro

Participants had the chance to attend and discuss new research either completgitogress, that
showcased novel digital methods and touched upon many thematie @mnedhe contemporary study,
measurement, interpretation and presentation of the past. The confergnaignificant in mapping applied
research into digital heritage issues in Greece and neighbouring coduotiigs a period of economic recession
that on the one hand affected the means by which to conduct research, while on the other hand has led to the
appraisal of the economic potential of digital cultural heritage. In thigecesmuch of the conference value lies
in the discussions generated anggarticipants, in bringing people with shared interests together and in the
overall opportunity to advance ideas that will allow the creation ofng®t digital pasts for the everlasting
present.

About this publication

The present volume contains 2bntributions in English or Greek that have been reviewed by our
international scientific committee and grouped by the editors into four theanatis. Contributions range from
long papers for completed projects to short papers for work in progress @lithipary results. The remaining
contains a brief ragw of the contributions orgaréd by thematic category and a closing note on the state of
research as manifested from the contents of this volume.

Recording methods and data modelling for fieldwork ad laboratory work

The first section of the volume contains five papers that address diffeve®s isf data recording in the field
and in the laboratory. Mray et al.present their experience in the integration of 3D documentation procedures
into landsape based intensive pedestrian survey workflows. In the context of the Mazi Archaeological Project
(MAP) airborne (drone) and terrestrial photogrammetry methods we=e for the creation of detailed and
complete 3D models of structures encountered infitdd. Eleftheriouet al. give a thorough account of the
geometric documentation procedures employed on the World Hesitegy of the Acropolis of Athens, in the
framework of the ongoing restoration and conservation interventizigtal photogrammetric techniques and
laser scanning are used on monuments components and individual architexonaérs for the rapid and
accurate documentation of both geometry and texture before and after restdfatahrev and Bakardzhiev
describe a GPS assisted fieldngy in Boyadzhik, Bulgaria. Although the discussion is limited to the
description of individual archaeological features and material culture eamhyvit provides one of the first
examples of digitally assisted fieldwork at the landscape level in thatrgoChristaki et al. shift the
conversation towards the intsde level by advancing formal ontological representations of the knowledge
process involved in the documentation of an archaeological building exggvasing as an example the West
House 6 the archaeological site of Akrotiri, Thera. Their analysis integrates key extensions with the core
Conceptual Reference Model CIDOC CRM (ISO 21127) to allow a semiintioacrete linkage of excavation
recording and interpretative procedures with data on preserved architecturmstefinally, Papageorgiat al.
employ artificial aging procedures on bone samples to monitor and dediedfécts of environmental factors on
the physical and chemical decafyorganic material.



This first section comprises of a rather diverse group of papers. Nevesthbleyg all wish to integrate
technological aspects within established research pradtitesy et al. adopt a balanced point of view as they
both acknowledge the speed and efficiency of digital methods and hightightases that manifest the
qualitative benefits of traditional draftsmanshipeftheriou et al. discuss geometric documentation procedures
in relation to worksite limitations and project development logistiedtsev and Bakardzhigresent a case for
the benefits of spatial recording at the landscape schléstéki et al.demonstrate the importance of clarifying
the connections between people, objects and research acfiwitide development of explicit archaeological
datamodels. Finally, Papageorgiou et aémind us that the application of quantitative and statistical methods in
laboratory controlled conditions can foster better ustdading of physical and chemical processes.

Each paper stresses a differamgtance of the same phenomenitiat the application of technology should
target more effective documentation practices and take into account alreadyhesddadytisrational waflows.
By assessing the performance ofmethod or a tool in real conditionsovel solutions can be explored. In this
respect, the above cases exhibit that the application of digital solutions amdagive research, if viewed with
a critical stance, an help towards improving, extending or even revising existing implementations. This
realisation coincides well with calls for the “critical appreciation of contfmutal artefacts” within thecontext
of the developingr@haeological digital ecosystems &luggett (2017) suggests.

GIS, remote sensing & geospatial modelling

A second group of four papers is related to GIS and geospatial modelling cantaseiful case studies.
Alexandrakiset al. provide an interesting case on the integration of geomorphological data with archaeological
evidence to model the transformation of the coastal zone of Amarmud northern Crete from a diachronic
point of view. Their results not only provide a geomorgiogical reconstruction at the landscape level, but
they are also used to explore landscape and population dynangggol and Sarris target the development of
enhanced models on ancient water management planning. By integrattigienualiculated gemorphological
derivatives from large scale DEMs with Least Cost Path analysy, dre able to improve the prediction of
water resource routes for Eastern Crete in sgeestages in the Bronze Age and suggest locations with high
archaeological potentialn a similar maner, Noviello et al.assess the performance of different probability
distribution models in validating site locations with multiple environmentahbbes. Using as a test case the
well investigated area of Tavoliere Plain in Italy thegnifest the efficiency of Species Distribution Modelling
procedures adopted from ecological modelling to archaeological predictivelimgpdEinally, Agapiou and
Lysandroudiscuss the potential of satellite and remote sensing techniques in the dedédimrient tombs
looting in the Politico area in Cyprus. By combining high hetson multispectral satellite and aerial images,
they clearly demonstrate the benefit of collating remote sensing data wiivakrimages and in situ
investigation in a GISrevironment for the systematic monitoring of areas with archaeological potential against
illegal activities.

All the above papers employ data integration and multivariate statistics towveachare informative and
precise models of present and past terrain features. The fusion of diveassodetes and supplementary
geospatial procedures in archaeolandscape studies has been marked by Saetedrd2D14) as a general
trend in the field. A lot of factors have contributed towards this &ledv satellite products come with high
resolution allowing for more precise geomorphological measurammgmine mapping contributes to the fast and
accurate compilation of small scale geospatial datasets; open source spatiallldetiansoare becoming
increasingly available; archival sources are appreciated and incorporated as digital data; processing
requirements for advanced multhiriate modelling procedures are becoming less complex angdingming.

The results from these modelling exercises are empltayader past human behaviour as well as to inform
archaeological investigation and cultural protection strategies at thecépwel level. Although the examples
presented here do not break the legacy of focusing mainly on environmerghlegrthey aempt to overcome
these limitations by integrating archaeological sources of informaticaiculating more revealing
geomorphological derivatives and testing alternative algorithms tosatbssispredictive results. In addition, an
emphasis is placed onaggmndtruthing as well as on the correlation of modelling results with existing knowledge
to verify their validity and performance. These aspects indicagkifa within GIS modelling applications
towardsdata inclusive studies that target pattern recogniitio informeddecision making. In this perspective,
the presented examples demonstrate that the integration @hdl new, environmental and cultural, low and
high resolution spatial data collections alongside their analysis usirj, holistic, diverse and multiariate
approaches can provide a trailhead towards more timely and insightfidl sgaplications in the cultural
domain.



3D modeling, virtual reality & simulations

A third group of six papers is related to the field of virtual reconstmetimth of buildings and of aftets.
Manzetti proposes a revised reconstruction of the Roman theatre at Gortyna, Crete, through architectural
acoustics, namely the ability of buildings to reflect and/or absorbdsdthe related affordances of the extant
theatre remains are compared to models ofr@btsound dissemination. Stamatopoulos and Anagnostopoulos
propose a method for the virtual reconstruction of potteryel@sait of sherds. This method is based on the
calculation of potter's wheels marks in relation to changes in wall théskrHein et alhave reconstructed a
prehistoric pottery kiln from Rhodes in order to afford a detailed studiyirg techniques and to reach a better
understanding of pottery production technologies in the Aegean during teeBkanze AgeKartaki has
employed computed tomography in order to create a virtual archive of aebfury AD casket, which has
helped her identify its raw materials and, mostly, document its conditias.td¢hnique may evidently assist
conservators greathivoullou et al.attempted to simulate the lighting conditions in the interior of past dwellings
in order to assess whether ancient weavers would afford propengadmditions. This research has combined
the experimental reconstruction of lamps with the virtual simulatioplafed spaces with reference to the
remains of the ancient city of Olynthus. The authors argue that thenéghhot enough, especially if weavers
were to identify different colours and thus they probably based their wokk onatheir experience than on their
abiity to see. FinallyKormann et alpresent a virtual reconstruction of an Early Helladic ‘Corridor House’
found at Helike in the northwest Peloponnese accompanied by a digital tewdel of the area. These
reconstructions assisted the examination okthectural strength of the Corridor House.

Despite the thematic diversity, all six papers share several common tiwbadsconcern the current status
of simulation and modelling research. One such point of convergemekated to the epistemologicstatus of
virtual reconstructions. More than two decades of research have establahaduhlisitions are not simply the
end products of researchs they render buildings, aféets and processes of the past visible, they facilitate the
combinationof information about them and thus become active parts in the production of further knowledge
about the past. Therefore, each virtual model is inherently related toetadata, paradata and the wider
research framework that producedTihis principle is well demonstrated by all the aforementioned papers, as
virtual reconstructions are well embedded in their specific reseheches. In at least half of the six papers,
these images are only intermediary steps of the research process. The other énseleapapa reconstruction as
their major aim, be that of a building, such as the &otheatre of Gortyna or of artefacts, such as pottery
vessels or the 17certury casket. It is interesting to note that none of the six papers demonstrate an explicit
interest in the realism or authenticity of the images produced.

Indeed, it has been argued that simulations are not and should not be treatdduhsdibstitutes of a past
reality. After all, any simulation is literally different than its prototyfae part of the past is forever gone and
nonretrievable, models may at best operate as a ‘prosthesis’. This term has been coined by Shanks and
Webmoor (2013) in order to compare past material remains with an aetplmaman body and the virtual
reconstructin of such remains with an artificial limb. The addition of the latter will never bring back the
amputated body to its former condition. Nevertheless, it may giviose édea how this body looked and
functioned before the loss of the limb. Chrysanthale (2012) have among others proceeded further along this
line of argument. They have suggested that different types of prostjgsisequally different types of
impressions. The selection of the right type then depends on the hegpagstion and its mietilous
documentation rather than on what may at first seem to empiricaiypfi to the past remains themselves. This
proposition closes the argument on the use and importance of 3D modelling asichM&ions, as it focuses
again on their embeddednesithin the epistemological framework of a wider research framework. It also
underlines that the validity of any type of reconstruction is judged aaogortal its role in research and not by
itself; a principle demonstrated by all six papers.

Users and nterfaces: education, museums and multimedia

The last section deals with the interpretation and enhancement ofatulteritage through digital
applications easily accessible by the broad publiorakidini’'s paper on Brescia's archaeological heritage
describes the utilisation of sources from archaeological and conservation interventions within an impressive set
of technologies (graphic reconstructions, AR and VR solutions) as a metlebd to enhance the visuali®n
and appreciation of ancient architecture and decoration in urban archaeologicabpiéelaliset al. present the
use of “casual games” and AR in the interpretation of Zea's anskipsheds, an almost forgotten place
encircled by modern construction in Piraeus. Their application (Urbare @BTA]) engages the visitors to a
series of quests through whithey progressively acquire information about the remains and their history, while
an AR application showcasing the remaining architectural features comgtevisitor experience.

xi



Antonakakiset al. present the underlying modelling processes that resulted in the virtual reality production
for dome projection, entitledHagia Sophia: 1500 years of Historyrackling questions of digital reconstruction
accuracy combined with real time production technical limitations and ése@edfor enhanced spectator
interactivity, the authors provide a walbcumented implementation example. Vosniddstribution deals with
a more “traditional” approach to culturalearning through digital media targeting young audiences. The new
digital platform of the Byzantine and Christian Museum of Athens endp different audience categories
offering distant access to the museum’s highlights. Attention has beem v the educational applications,
simple games and quems for children urging them to experience a real visit to the museum.

Athanasoulist al. present their project on the digital enhancement of more than 100 eastern Peloponnesian
castles. Targeting public awareness and heritage protection-platfelom was developed, offering historical
and architectural information for each castle, full photographic coveragedimglcases with 3D content, while
additional applications allow user interaction targeting differentaagkeducational levels. The lasiper by
Koukopoulos and Koukopoulogpens the discussion about user participation in digital cultural heritage
environments. The design and implementation of “Culturee’Ga prototype digital participatory platform is
presented, providing digital servicéocused on public archaeology. The platform proposes community based
data collection and dissemination to the broader public as well as data exchsidg a restricted research
community touching on issues of authoring, noise detection, privacgiamsecurity.

In total, this group manifests that enhanced cultural content combittedigital equipment and interactive
media are increasingly becoming a necessity for cultural institutiordtrimct new and younger audiences.
Especially be latteraremuch more familiar with welbased technoljiesand mobile electronic deviceas they
are natives in the world of digital interactiondathis feature certainly raises the standardsutifiral services.

Digital applications are becomingkay component of an institutiofaility to attract more visitors, sustain its
reputationand perpetuate its activity, not leaftrough efficient revenue generation. Towards this end, digital
applications for heritage consumption do not restrict themselves to staotistions any more, such as websites

and econtent. They increasingly adopt novel approaches including AR content, casual gaming and they
accentuate their footprints on different social media platforms. Obyiowst all institutions ingest technology

with the same rate, while the range of solutions for the presentation of cultural heritage to the public is ever
expanding.

A general trend of the papers included hierthe establishment of wetiésted media solutions, such as 3D
reconstructions and vide. These constitute the baseline for building more complex implementegiars as
augmented reality, that require advanced and frequently expensive hardwarévesue smlutions. Howevert i
appears thatugcessfulheritageinterpretationand present@amn lie not so much in the actual technological
innovation, but rather ithe underlyingcontentcuration methodshatshould respect authenticitpommunicate
meaning facilitate appreciationand encourage inclusivenes@Champion 2014) Systematic and detailed
archaeological and historicalesearch leads to informed representatiohn cultural heritage while it also
provides the necessary ingredients to advance indulging scenarios and tthepkyypropriate technological
solutions for an immersive usexperience.

Conclusions

To sum up, the second CABR conference presented the latest progress in computer applications and
quantitative methods in archaeology in Greece and beyond. The wide speattrapplications, methods,
approaches and primary subject matter of the contributions in this @gltonides a representative mapping of
current research in the field that reflecurrent trends at the international level. In this respect, it furnishes a
necessary localised addition to the annual internaltiGAA conference proceedings.

An active interest in all aspects of computer applications and quantitative agg@@aatanifested including
the documentation and analysis of field and primary data, GIS modelling asgeption research, 3D
reconstruton and modelling, as well as the conservation of past remains and the dissemination of
archaeological knowledge both to the specialists and, foremost toidler public. The latter seems to be an
increasingly dominating field of research interest, alidoagh many domains of computer applications in
archaeology are not underrepresented, this rise seems to be the outcome ofgaegeliin of 3D data
acquisition, in combination with technological developments of 3D cbetmsumption by the entertaient,
tourism and cultural industries.

What is even more important to our opinion, however, is the noticeaddernme of theoretical reflection and
the related focus on the applications themselves, the types of analysisltiweyarsd the results theyake
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produced. Several of the papers presented here have managed to copsitteraianethodology, operational
limitations and technological bias. In addition, most papers detweir research results as stemming from a
mediated thinking through and withe tool, which may be argued to be a way forward in the field of digital
archaeology and heritage studies.

This may well be the aftertaste of the second G&R conference, which now passes the torch to the 3
CAA-GR conference to be held in 2018 in Cypruse Wish to close this Forward by thanking the CGR
Board, the National and Kapodistrian University of Athens, the Institr Mediterranean Studies-oundation
for Research and Technology Hellas, thei&y for Aegean PrehistoryAegeus and Dipylon Society for the
Study of Ancient Topography, the Norwegian Institute at Athens anétifielnstitute of Hellenic Studies at
Athens and the rest of the academic and financial sponsors of the confeheneerkshop instructors (K.
Papadopoulos, E. Kotoula, K. G. Akoglu and G. Cantoro), all the stidéot helped before, during and after
the conferencedll referrees, M. Zoitopoulos for the editing and pagination assistance and V. Papazikou who
kindly agreed to have her work titled "Digital Stratigraphies" featured on the book cover.

The organising committee of CAGR 2016

Giorgos Vavouranakis
Markos Katsianis
Yannis Papadatos

Marlen Mouliou
Platon Petridis
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IHepiZnyyn/Abstract

Méypt TpdTIVOG, M EMAPKNG, OKPIPNAG KOl VYNANG OVAALGNG OTOTVTMGT TMV OPYITEKTOVIKMOV KATHAOIT®OV TOL
OTOVTAOVTOL G€ OAOKANPN TNV EAANVIKT DTtobpo dev NTav €vag Aueca emTedEUOC GTOYOG Y10 TO TPOYPAULOTO
EVTOTIKNG eMpavelokng Epevvag. H oyediaon pikpmv, diomaptov svpnudtov gival ypovoPopa, axoun Kot yio
EUTELPO TPOCHOTIKO, Kot Y1o. pio 518£001KT| OPYLITEKTOVIKT OTOTOIMON Eivan amapoitnTa Yopikd dedopuéva vYNANIG
axpifelag mov givar dvokoro va givar TposPloyla og amopokpuopéva onpeio g vraifpov. EEdAlov yio v
OAOKAP®OOT NG OYESWCTIKNG AmOTONTMOONG OKIVIITOV EUPNUATOV TOAD HEYOA®V Ol00TAGEDY, OT®G Ol
0YVPDGCELS, glval apkeTd dVOKOAO Vo dlateBovV TANPELG APYITEKTOVIKEG OYXESOOTIKEG OUASES Yo OAOKANPEG
meplodovg €pguvag. Ev to0t01g, 1 TEYVOAOYIKN TPOOd0G KOBIGTA SuvaTh Kol TOVTOYPOVO GUVTOUN KOl ETOPKT|
TNV TOpAy®YN TPIOSACTATOV 0T0dOGEDY TOGO UIKPOV OGO KOl LEYOA®V OPYITEKTOVIKOV oToLElV He akpifeta
Kot mototTo. [Hopd tavta, 1 yneloky Kotoypaen dev amoTelel TOVAKELD Yo TNV OTOTOTMGT] EVPTUAT®V CTIG
EMPOVELNKES £pEVVEG KAOMG 01 mapadoctakés LEB0dOL TaPEXOVV TOLOTIKMG SPOPETIKY TANPOPOPNOY| Kol GE
TOAAEG TEPMTAOCELS TOPALEVOLV {0MC O GKOTLEG, Wiaitepa ekel Omov 1 PAdoTnom sivat mokvi 1 N dratpnon
TOV KATOAOIT®V vl KOKY|.

Until recently, accuratehigh+esdution, and efficient recording of architectural features encountered throughout
the rural Greek landscape has not beereadily achievable goal for intensive pedestrian survey projects.
Drawing small, scattered features is tim&nsive, gen fortrained personnel, and proper architectural survey
requires the acquisition of higfuality geodata that can be hard to come by in the remote countryside. On the
other handdrawingmassie features, like fortresses,ssfficiently difficult to require idependent architectural
drafting teams entire seasons to complete. Technological advances, hoavevércreasinglymaking the
production of precise and accurate 3D renderaigsth small and large architectural features not only possible,
but rapid andefficient. Nevertheless, digital recording is no “silver bullet” for feature recording in surveys.
Traditional methods provide qualitatively different information and in many cases may remain more expedient,
especially where vegetation is thick or preséion is poor.

Keywords:PhotogrammetryPedestrian Survey, Architectural Documentatkeortifications

Introduction mountain plain at an important crossroads on the
border béween Attica and Boeotia (Fid.), and to

The Mazi Archaeological Projec(MAP) is a thereby contribute to the.scholarly undergtanding of
diachronic regional survey operating in the tradition Porderlands, especially in terms ofiaterial and

of Mediterranean landscape archaeologyder the ~ human history. The project has also invested
auspices of the Swiss School #fchaeology in considerable time and energy into investigating the
Greece and the Ephorate of Antiquities of West benefits and costs associated with the integnatib
Attica, Piraeus, and the Islands of the Greek Mipist Neéw methods in the recording of archaeological
of Culture Fachardet al. 2015;Knodell et al. 2016,  features into the dap-day process of architectural
20173. The project employs intensive and extensive documentation.

pedestrian survey methods to investigate a small
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The purpose of this paper is to describe the rationale,
methods, and results of MAP’s feature recording
program from the 2015 and 20fiéld seasons. First,
we distinguish our approach to feature recording
from the usual systems employed by pedestrian
survey projects. Then, we outline the ways in which
digital methods created new possibilities for survey
feature recording, for both largmnd small features,
in the context of the MAP survey. Finally, we
consider the drawbacks of digital approaches to
feature recording, and argue that in many cases
manual draftsmanship remains a superior method of
illustration, which should not be wholly or
uncritically replaced by digital tools.
Figure 2 The quantity of features in the MAP survey
1. Feature Documentation in Intensive Pedestrian  represents a formidable assemblage of architectural
Survey ruins.

While photogrammetric modéllg and RTK DGPS Features discovered during the process of
mapping for architectural documentation have been fieldwalking in survey projectsand previously
adopted with alacrity as part of the toolkits of known architectural monuments within survey areas
Mediterraneararchaeological excavations (Olsen et have usually been documentedn paper and in
al. 2013; Roosevelt 2014), for the reconstruction of database entries, but physical recording has been
the physical landscape (Orengo et 2015), and at  limited to a few general photographs and rough
selfcontained projects where the focus is the sketches, whicloftendo not include a preciseae
accurate architectural documentation of large and are not based on a proper architectural survey.
structures (Sapirstein 2016), these techniques haveThis is understandable, given the limitations of time
not yet been brought to bear on the study of the and effort archaeological teams face and the sheer
ancient architectural landscape more broadly quantity of ruined structures usually encountered
construed. during a season of exploring the landscape. Drawing
small, scattered features is tifimensive, even for

- trained personnel, and proper architectural survey
requires the acquisition of higjuality geodata that
can be hard to come by in thermmote countryside.
Typical approaches to the issue have been either to
treat features largely separately from the fadkial
environment (Fachard 2016, &3) or to find a
middle ground based on sketchsslective drawings,
photography, and basic mappinBefenfeld et al.
: : . 2016; Knodell et al.2017hH. On the other hand,
T e - e drawing and planning massive features, like

. el fortifications, is sufficiently difficult and time
0% ' j consuming thatindependent architectural drafting

- ' teams require entire seasons to complet&ull

Figure 1 Mazi Archaeological Projecurvey region documentation
in the context of the mountainous Attic/Boeotian

borderlands 2. Documenting the Featurerich Greek
Countryside
A common methodological dilemma confronted by
Greek archaeologists involved in intensive survey At the Mazi Archaeological Project we have taken
projects is the problem of the “aféetrich” seriously the notion that architectural features
environment (Caraher et aR006). However, less  encountered in field surveys should be recorded in
attention has been given &wchitectural features on  greater detail than has become customary, and argue
intensive  Meliterranean survey projects (an that in most cases a responsive combination of new
exception is the Saronic Harbors Archaeological technologies and traditional methods make this an
Project, Tartaroret al. 201 Clinton et al.2014). achievable goalsgeDouglasset al. 2015). During
The problem of how to manage the documentation fieldwork in 2015 and 2016 MAP made extensive
and interpretation of a featurieh landscape that is use of 3D recording to produce plans and elevations
dense with ruined architectural structures (Bghas of severalarchitectural features discoverefliring
largely been left unexplored. the survey. The features varied in size from the

-
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foundations of small structures to massive and-well effective (although there were exceptions: see section
preserved fortifications. 2b below). Finally, most drones that are within the
budget of the average field project do not support a
3D architectural documentation in the field Ppayload that would allow them to carry cameras
proceeded in three steps. First, team membersideally suited to photogrammetric recording, i.e.
prepared the subject bylearing vegetation and cameras with large sensors and interchangeable
placing coded photogrammetry targets, spaced lenses (Shortis et a2006). For detailed architectural
approximately 1-2m apart, in the scene. Second, recording of ruined features, then, drdrased
ground control points, which would be used to assessphotogrammey is not always ideal (Sapirstein and
the accuracy of the photogrammetric model and to tie Murray 2017).
the model into geographical sma so that
orthophotos extracted from the models could be 2.a Small Features in the Landscape
loaded seamlessly into the project GIS, were
measured. Since datums were not available in mostThe majority of architectural features encountered in
areas of the survey, fixed points were measured usingthe MAP survey area comprise the foundations of
a Leica CS25 RTK DGPS unit receiving correction small structures, which are usually recorded in a
data from the Metrica SmartNet through a SIM card. summary fashion by field survey projects because the
Third, photos were taken with a Nikon D7100 DSLR time it would take to draw and survey them in detail
camera equipped with a Zeiss f@n /3.5 lensin is not merited by the information that they provide.
accordance with standard methods for archaeologicalThe typical dataset that results from feature recording
photogrammetry, which have been described in the context of survey projects is therefore usually
elsewhere (Okn et al. 2013; Green et al2014; made up of quick snapshots and rough sketches. As
Saprstein 2016). Tk camerawas raised on a Figures 4a and 4b demonstrate, neither product
fiberglass boom for oveead shots when required provides much meaningful information to the
(Sapirstein 2016Fig. 3). researcher hoping to study the featrioh landscape.
Two-dimensional photographs of pootyeserved
foundations taken from ground level are usually
difficult to parse from the point of view of an
archiectural historian, and sketches by inexpert field
team members are not done to scale and do not
accurately represent the construction materials and
their organiation.

One of our goals at MAP was to consider how much
effort and time it would require tonbance the
typical workflow for feature recording in survey
projects using digital methods beyond photography.
In experiments in the field during the 2015 season,
the MAP team documentdtie foundations of small
structures that are typical of features amtered
throughout the Greek landscape in the field in
approximately twenty minutes. This amount of time
Figure 3 MAP team members documenting the is not significantly more than is usually required for
Velatouri Tower using a fiberglass boom to raise the team members to sketch, photograph, geolocate, and
camera without the aid of a drone. take notes on a feature, but the result is a 3D model
and georectified orthophoto that provide a clear view
While archaeologists often use drones to record Of the feature that is much easier to understand and
architectural features (Fernanddernandezet al. analyze than sketches and photographs (Fig. 4c; see
2014), we chose to employ a predominantly Www.maziplain.org for other examples). The
terrestrial approach to photogrammetry in the field recordng process included clearing vegetation,
for a number of reasons. First, given the number of Placing targets, measuring control points, and
features involved and their remote locations, we felt shooting photas
that the limited battery life and unwieldiness of most
commercial drones would have hindered the pace of Since the amount of time needed to document small
our recording and therefore compromised our features using photogrammetry and DGPS was not
mission to be both thorough and comprehensive in significantly more than the time that a survey team
the documentation of survey features. Second, sincewould usually require to sketch, take notes on, and
most features we needed to record were not large ancgphotograph a small feature, we believe that building
did notstand above a few meters, the use of a dronesuch recording processes into survey workflows
would not have made recording faster or more should be considered a viable option for projects like
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MAP. The benefits of doing so are, in addition,
analytically valuable. Photogrammetry and detailed
mapping produce metrically accurate, interactive
models of architectural remains that are more

valuable for study than snapshots and sketches.

Georectified orthophotos generated from such
recording techniges can be useful for analysis in a
variety of ways. For example, they can be pulled
directly into a project GIS, taking the place of simple
polylines or polygons that usually serve as
placeholders for such features in the geospatial
containers of survey ppects. In addition,
architectural historians can study the orthophotos
sideby-side, allowing them to see clearly the
development or nuances of local construction
techniques and materials without visiting hundreds of
features in sequence.

Figures 4a-c Products of different methods of

recording features encountered in the landscape asA significant number

demonstrated by MAP’s iterative documentation of

Figure 4c Top plan generated from
photogrammetricmodel and surveyed to 1.Bm
accuracy

a

2.b Large Structures and Fortifications

of large stone towers,
Byzantine churches, and fortification Nga fall

feature c_016, the foundation of a small rectangular within the MAP survey area. These include the

structure

Figure 4a Rough sketch drawn by extensive survey
team

Figure 4b Featurephotofacing east.

Classical/Hellenistic fortificationef Eleutherai and
Oinoe, theFrankish towerat Kondita the churches
of Aghia Paraskevi and Agioi Theodoroi (among
many others), and the remains of several-self
standing Classical/Hellenistic towers, most notably
the relatively welpreserved one at théelatouri hill

(Fig. 5).

Figure 5 Snapshot of the 3D model of the Velatouri
Tower.

Due to their large size and the height of standing
remains, the majority of these features have proven
difficult to plan and draw properl{e.g. Ober 1985,
plate 5 for Eleutherai, compared to Figure 6, the plan
generated in MAP’s 2016 field seasoi) the case

of the fortress at Eleutherai, the generation of a
stoneby-stone plan of the entire structuveas not
only challenging, but effectively impossible, prior to
our project’s use of computational assistance. This is
primarily becausethe towers stand to such a
formidable height that surveying them usinige
regular methods of architectural draftsmangfiyat

is to say,scaling the towers in order to measure
datums and dimensions) is too dangerous and
cumbersome to attempt.
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photogrammetric methods. These figures assume that
the goal of recording is simply to document the
presence and extent of features, rather than to
interpret or generatéinal productsfor publication
and dissemination. Estimates in Figure 7 are based
on rates of handrawing Late Bronze Age buildings
by the architectural documentation team at the
Saronic Harbors Archaeological Research Project,
while estimates for photogrammetric recording are
based on work at MAP in the summers of 2015 and
2016.By comparing the time required to draft a pen
. and ink plan ofarchitectural features with efficiency

Figure 6A new stoneby-stone plan of th fortress of figures from recording using 3D methods, we

Eleutherai. demonstratethat the 3D recording method has the
potential to beat least three times as efficient in the

Using a combination of drone and terrestrial majority of cases, and therefommight free up

photogrammetry, the MAP project has generated significant time fo analysis of architecture in the
complete and detailed 3D models of these featuresfield.

which will provide useful analytical proxies during

study seasons, freeing project stgffto spend more  Nopetheless, our  experience  shows  that
time thinking about the architecture as opposed to photogrammetric feature recording is often not a
repeatedly visiting remote structures or spending gyitaple option for the recording of features
additional study seasons drawing features in the giscovered during field survey. At MAP, this was
field. At the same time, we wish to emphasize that e in cases where vegetatioms especially thick
electronic representations of architectural features aregr jmpossible to remove, or when complex
not necessarily interchangeable with architectural renderings, such as sections through standing
drawings by trained draftspersons, which present sy ctures, were required. One of the most important
interpretative and analytical data that a “raw” photo |essons learned from our work in the Mazi plain is
recording cannot provide. We explore questions of that clearing vegetation is often the mdsne-
how to weigh decisions about whi sort of  ¢onsuming part of 3D recording in survey projects
recording is best in the remainder of this paper.

Vegetation must be cleared from a feature before it
3. Comparison of Traditional and 3D Recording can be photographed for the purposes of digital
Techniques modeling not only for the obvious reason that the

vegetation obscures the architecture, but also because
One way of comparing new and traditional methods branches, leaves, and grasses blow in the wind,
is a simple measure of investment of time. How moving around and therefore changing the
much faster and more efficient is 3[@cording? composition of the scene across the photo set. This
While it is generally assumed that the adoption of variation will interfere with structurdom-motion
digital methods increases the pace at which the software, which works by matching pixels in
documentation will proceed, detailed discussion and photographsaken of the same subject from different
guantification of the precise drawbacks and positions and therefore should be avoided to ensure
advantages of 3D and traditional recording is not jobs will be processed successfully in the lab.
present in the existing literature. Figure 7 represents Because survey projects are designed in part to
one attempt to estimate theugh savings in labau rediscover ruins that have been forgotten in the
and cost based on approximate time needed to landscape for cdaries or millennia, the remains
generate architectural drawings usinganual and encountered in a survey are often badly overgrown.

Figure 7 An attempt to quantify lalw and cost savings that go along with the adoption of digital architectural
recording

MURRAY ET AL 7
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Survey teams seeking to integrate photogrammetric

recording into their research design must take into

account the lahe and time that will be needed to o
clear weeds and shrubs. Moreover, in some cases, |- =
this requires a special autisation, as well as the B
approval of the local Fire Department

Terrestrial photogrammetric mdtiag is also not an

ideal way to record structures that are particularly

poorly preserved, with large gaps in the architecture

between which grassy fields or other “blank” zones

intervene. Once again, the processing software

struggles to stitch together architectural elements

that are separated by vegetation that has few gjgyre 9 A basilica drawn using established
distinguishing features and that blows around in the \athods of architectural drafting.

wind. Especially large features of shinature might
be more successfully recorded using UAV (drone) . ,
photography, although the resolution of the models In some cases, then, recording features by hand will

will suffer depending on the camera and elevation of remain more effective and more efficient than digital
the flight recording for purely logistical reasons. Regardless of

these considerations of efficiency, should digital
recording always be the “first” option, \itpaper
draftsmanship implemented only when conditions
render digital recording inexpedient? This is a
guestion that can only be answered after a careful
consideration of the fundamentally different kinds of
thinking both methods require archaeologists to
undertake and the different kinds of products that
they generate.

In some cases it is simply easier and faster for an
architect or trained illstrator to draw structures that
are heavily overgrown or discontinuous by hand. At
MAP, for example, an early Christian basilica in the
settlement at Eleutherai is enshrouded in thick
vegetation, including not only undergrowth but also
trees (Fig. 8). Because the structwas quarried in
early modern times and is extensive in size it
presents an inconvenient subject for terrestrial ) ) _
photogrammetry even in the best of circumstances, Prawing features by h_and requires the archaeol'o.g|st
since the large open spaces of the aisles and areas of© approach the subject using different cognitive
robbed stone wouldimder efficient stitching of the ~ €nginés than the ones used by archaeologists
model, unless special preparation of the site with ecording features with cameras and drones. The
many coded targets were undertaken. In the case ofProcess of digital recording is largely one of making
the documentation of the basilica, it was obvious to the correct technical decisions. How many photos
the MAP team that a trained architectural Must be taken, and at what distance from the
draftsperson could draw amccurate and thorough Subject? How many scale bars or control points
plan of the architecture in less time than it would Should be included in the scene? Is the lighting
take to prepare the site for photogrammetric correct, or should photography be delayed until

recording and to conduct the photography (Fig. 9). con_di_tions are more _favorable? Making these
decisions does not require the recorder to look at or

think carefully about the subject as an architectural
feature.

The process of drawing, by contrast, requires both
the technical expertise of a draftsperson and the
analytical skills of an experienced architectural
historian. Drawing is a process of careful
interpretation and editing and therefore provides
information of a qualitativelgifferent value than 3D
and 2D poductsthat result from digital recording
methods. Whiléboth approaches ardesigned to, at
the most basic level, provide an accurate
representation of what exists for the archive of the
archaeological record, the process of manual
Figure 8 Remains of m early Christian basilica at  recordingon site reqires the draftsperson to make

the settlement Eleutherai, vahi was too overgrown  decisions about what to include and what not to
to be a suitable target for photogrammetric include. These drawings therefore carry interpretive
recording. value in addition to representing the dimensions and
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characteristics of features as they are encountered inoutfitted with the equipment and personnel to

the landscape.

Architectural draftsmanship is, then, a qualitatively
different approach to recording and therefore cannot
be replaced by digital methods in any substantive
way, even though digital methods may often provide
expedient tools for recording information in eént
circumstances. There is no way to quantify the deep
knowledge that a draftsperson gains about a subject
during the hours often required to draw a feature.
This investment in time often vyields an
understanding of a feature’s materiality,
embeddedness iits landscape, and relationships
with nearby structures that cannot be achieved
during the brief time that a photogrammetry expert
will spend taking photographs and GPS points.

Our experiences confirm the notion that digital

recording techniques can increase the speed and

efficiency of feature documentation practices in
intensive survey projects. The judicious application
of these techniques will in many cases allow survey
projects to create unprecedentedly rich and -high
resolution data archives of the ilbu ruined
landscape. However, digital methods are not suitable
for all recording tasks that feature documentation
teams will encounter in a diverse architectural
landscape. Furthermore, the process of digital
recording does not replicate the process afuing.
Survey teams should think carefully about the
implications that aldigital recording processes may
have on the depth and quality of their knowledge of
the built environment. The key to the proper
deployment of tools and methods will always remain
the experienced judgment of experts and team
members, without programmatic or dogmatic
adherence to a single approach to feature recording.

Conclusions

The approach to architectural feature recording and
presentation taken at MAP represents a step forward
in Mediterranean survey methods. Creating 3D
models of major architectural monuments allows
team members to study these remote, often difficult
to-reach features from anywhere, and in many cases
from vantage points which would be difficult to
reach otherige. In addition, the use of
photogrammetric recording can enhance the quality
of recording for small features scattered throughout
the landscape without costing field teams
significantly in terms of time and Ilabo
expenditures.In some cases, howeveraditional
drawing techniques remain prefergblespecially
when architectural remains are poorly preserved or
heavily overgrown. Moreover, these different
methods record qualitatively different information,
since drawing is an interpretive act. Survey pctg

integrate both methods can reasonably expect to
create an unprecedentedly thorough documentation
of architecturally rich landscapes without stretching
either budgets or the investment of labo
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E®APMOT'H XYIT'XPONQN MEOOAQN AINIOTYHQXHY XTHN TEKMHPIQXH
THX BOPEIOAYTIKHYX I'QNIAX TOY ITAPOENQNA

B. EAEY®EPIOY, H. KAAHXIIEPAKHX, A. MAYPOMATH, P. XPIXTOAOYAOIIOYAOY

Ynovpyeio [ToArtiopov kot ABAnTiopov, Yanpesio Zuvtipnong Mvnueiov Akpomoing, Abnva
veleftheriou@culturegr, ilias.kalisperakig@gmail.com mavromatid@ahoocom rosaliachrista@gmail.com

IepiZnyyn/Abstract

To mpdto P 6N dradkacia TG OTOKATAGTACNG EVOG UVT|ElOL gival 1) akpiPg YEOUETPIKT TEKUNPI®MON TOV.
H owotoypappetpio, pio and Tig Tox0TEPES TOTOYPAPIKES LEBODOVG YEOUETPIKTG TEKUNPIOOTC, YPTOILOTOUONKE
omd TOAD VOPIG Yo TNV OTOTUIMGN LUVNUEIDV, 1GTOPIK®V KTIPIMV Kol GLVOA®V, GAA®oTE éva and to BEépata
ov{NTong Katd TV TPpMTN cuvedpiaon tng veoovotatng Emtponig Zvvinpnoemg Mvnueiov Axkpondiems 10
1975, Tov Kol 1 QOTOYPOUUETPIKY] OTOTOAMGN TOV UVNUEI®V Kot Tov Ydpov ¢ AbBnvaikng Akpomoins. Ta
TerevTOaio Ypovia, Witepn Eppaon £xel 600el otn ypnon ovyYxpoveov pEowV Kot PLEBOdwV Tekunpimong otV
OTOTOTMOT TOV UVNUEI®V TG AKPOTOANG, TV TEPUETPIKAOV Terdv kol Tov Bpdyov, n onoio enétpeye v
TOPOy®YN 0pfoPOTOUOCUIKOV KOl TPIGIACTATOV HOVIEA®V HLE VON VYNANG modtNnTog Kot okpifelag. Xto
TAOIG10 TNG TAPOVGOG OVAKOIVIOOTG, TEPLYPAPOVLE TNV YEMUETPIKY Tekunpiwon g BA yaviag tov [apbevdva
He N xpnomn ovyxpovov péc®V Kot peboddwv texkunpioong kobmg kot to {NTAROTO TOV OVTIHETOTICOLLE.
Emumdéov Ba avarvcoovpe d1e£0dikd OAES EKEIVES TIG TOPOUETPOVS TOV TPEMEL VO GUVEKTILOVVTOL TPOKEIUEVOL VL
emtevyOel n emBoun YeOUETPIKY OKpiPEta.

The first step in the process of restoration of a monument is its precise geometric documentation.
Photogrammetry is one of the quickest topographic methods of geometric documentation, which was used very
early for the recording of monuments, historical buildings and sites. Moreover, one of the issues discussed
during the first meeting of the Committee for the Conservation of the Acropolis Monuments (ESkn-it

was newly founded in 1975 was the photogramnté& documentation of the monuments and the site of the
Athenian Acropolis.In recent years, special emphasis has been placed on using techniques of advanced
technology for the documentation of the Acropolis’ monuments, the circuit wall and the bedrock. The
development of digital photogrammetric techniques during the past years has made it possible to produce
orthophotomosaicsnd threedimensional models with texture of high quality and precisidre discussion will

focus on the geometric documentation of the NW corner of Parthenon using contemporary methods of geometric
documentation and the issues we faced. In addition, we will analyse extensively, all the parameters that should
be taken under consideration, in order to achieve the desired geometracgccur

AéCeic Klewowa: @otoypappetpia, Tpiodidotarn odpwon, Tpiodidototn ektomwon, AkpOmoAn Abnvav

Ewoayoyn

H Akpomoin tov ABnvav amotehel €va kopuaio
pvnueio g maykOGUIOG TOATIGTIKNG KAPOVOLLAGS,
OV avaoTNA®ONKE emavellnupéve oto TapeAOdv,
EVO 1] GLUVTIPTOT, 1 OVACTHAWMOT Kot 1 avadel&n Tov
a6 to 1975 won €€ng ouveyileton puéypt onpepa.

Ov oOyypoveg emepPdoelg oto  pvnueio  €yovv
OTOAEGEL TOV EUTEIPICUO TOV TOAUOTEPMY EMOYDV
Kol opyovavovior pHe Pdon MV EMOTNUOVIKN
TPOGEYYIoN Kot T 0£0vTOAOYio OV Omoppéel amd
oiebveic  ovuPdceic. H yvoon 1ov  Sopkov
GUCTNLOTOG KOL TOV VAIKOV KOTOOKEVLNG OmoTelel
Boown mpotimdbeon yio TNV emITUYN EQUPHLOYN VEDV
enepPacemv, MV opyaveon Kot emifreym ToV
omoimv &yet avoidfer amd to 1975 m Emuponn
Svvinpnoeng Mvnueiov Akpomdremg. Ot Pacikég
apyég mov axoAovBovvtal givar avtég g XApPTog

g Bevetiog, 60mov obupwvo pe 10 apbpo 9, M
tekunpioon amotehel Pacik vroypémorn o1
Sdwdkacio. TG amokatdotaong evog pvnueiov. H
EXMA amd mold vopic, £dwaoe Waitepo PBapog TG0
o610 ¢€idog kot otTig pebddovg mMAPAYOYNS TOV
TeEKUNPioV 660 KOl GTOVS TPOTOVG amodnKEVONS KoL
Suoyeiplong tovg.

To m\éov amountikd €idog tekunpiov sivor ta
TPOIOVTIO TNG YEMUETPIKNG TEKUNPiwOoNg to omoin
Katd kOplo Adyo mpémel va gival cotd Kot axpipn
Kot OguTEPEVOVIMG Vo €ival EKUETOAAEDCIUO GE
eKTadEVTIKEG OPAoELG OV amevBivovTal 6e nabntég
N oto eupd kowd. ‘Etol, mopddindo pe  Tig
ovpupaticég peBddovc yempeTpikNG  Tekunpimong
(netprioelg pe ovpPotikég peBodovg, oyediaom,
ootoypdpion), n EXMA enedioge v ypfon
GUYYPOVAOV nefodwv amoTOMMOONG  VYNANG
Teyvoroyiog.
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H xatavénon g dopng tov pvnpeiov, n dwtnpnon
™G TEAEWOTNTOG TNG KOTOOKELNG, 1 Oloyeipion Tv
QOPTIOV TOV APYITEKTOVIKOV TOVG HEAMV, eivor Lovo
HEPIKES OO TIG TOPOUETPOVSG TOV GLVOETOLY TO
mAoiclo Tov oOyypovev emepPdocmv oto pvnpeio
mg Axpomoing. Méco o avtd TO TAMIGl0, M
€AO10TOTOINOT NG SIUPKELNG TNG GYESCTIKNG Kol
POTOYPOPIKNG TEKUNPioong, M UEYAAN moTdTNTO
™G 0mOd00NG TNG VIAPYOVCAG KATAGTAONS TPV KO
HETA TG eMEUPACELG KOt 1] VYNAR LETPTTIKY akpifela
TOV TOPAYOUEVOL TTPOTOVTOG EMTACGOVY GNLLEPA TNV
xpon HebodwV OTmMG 1 POTOYPONPETPio Kot 1
TPIOOLAOTATY] OAPOOT Yo TNV  TAPOYOYN
0pBOPOTOUDCATKOV KL TPIOOIAGTATOV HOVTEADV.

To yeyovdg OTL Ol TAPUTAVE OMEKOVIOTIKES péBodOL
EPOPLOCTNKAV TO, TEAELTAIO YPOVIDL OTA CLYKEKPLEVA
pvnueioe  peylotg onpociog Kot dUoKOAlOG ot
mpocéyyion tovg 6mmg o Ilapbevdvae, kabietodv Ta
OMOTEAECLOTO  EVIVTMOOKE, Koplmg yotl  Exet
emevybel 1 emBount yeopetpikn akpifela, wov
givail ™ TaéNG eAGYIOTOV (IMOCTOUETPOV.

Tn dwdikooio Kot T AToTELECUATO EPUPUOYNG TMOV
pefdd@V avtdv O TAPOVCIAGOVIE 0T GUVEXELD, LE
aQopun 1§ epyacieg amokatdotaong e BA yoviag
tov [apbevdva.

1. To KOTUGKELOOTIKO
gkientovoeg Tov Mapdevova

ocVoTNUO KoL Ol

O TlopBeviv Bewpeitor ©g 10 7AEOV avTuTpo-
OOTEVTIKO mapdderypa ™G opyoiog €AMVIKNG
OPYITEKTOVIKNG Kol avTO TO 0Qeilel oTig 1010iTEPES
OTOUTHGES TOCO GTO GTAOI0 TOV GYESCLOD OGO Kol
0T0 OTAd TNnGg KOTookeLNg Tov. To  pvnueio
omoteheiton omd aveEdpnto poppdptve. otoyeio
(apyrtextovikd  péAN), EMPEADG KOTEPYOOSUEVQ
TPOKEWEVOD VO £XOVV TANPN ETOAQT GTOVG UETAED
TOVG appovs, Pacikd ototyeio g ev ENpd do6UNOTG
tou6 (Ew. 1).

Ewoéva 1 To dopwd ovompo tov opyoiov
pvnueiov.

Kot povo n emitevén g amoidtov €Qapuloyng tov
OUOPOV ETPOVEIDV NTOV 0L TOAD OOLTNTIKY KO
KPovoPopa epyacio. TOV OTN TPAYHOTIKOTNTO NTOV
TOALTAOKOTEPY], EMEWON TO OUOELDN OPYLTEKTOVIKA
péAN dev eiyav akpPag Tig id1eg d1aoTAcELS. AVTEG
kabopilovtav oe TpdTN Pdomn PAcEL TOL YEVIKOTEPOL
o)edlov KOTOOKELNG TOL UVNUEIOV, EVE OE TEMKN
SlpopedvovTay ML TOTOL GTO UVNUElD, HE TNV
AGEEVOT TOV OPYITEKTOVIKOV HEADV KOTO KOl LETH
TNV 0pLoTIKN TOT0BEToN TOVG.

To oyédio tov IMapBevdva yoapoktnpiletor emiong
amd TG AEYOUEVEG OMTIKEG EKAEMTUVOELS, TNV
Spdpemon dNAASY| TOWKIA®V KAUTOA®V YPOLUU®OV
Kol EMQOVEIDV oTa EMUEPOVS oTolyeio tov. H
peimon, 1 évioon oAAd Kot 1 evtovotepn KAlon T@v
KIOV@V TPOG TO EGMTEPIKO TOV pvnpeiov, n cOUTTLEN
TOV YOVIOKOV KIOVOV KOl 1 KOUTLAGTNTO OADV TV
oplovtiov empoveldy mapdyovv Eva  eEopeTIKG
ovovbeto povtéro, otifapd kol aisOntikd TéAELO,
Hovodilkd otV lotopio NG  apyltektovikng. O
HoapBevadv emmiéov glvar o peyadtepog vadg oty
EMMNVIKN EMKPATELN KOL TO OPYITEKTOVIKA TOL HEAN
€yovv Bapoc amd 1 émg 11 tdvoug.

2. Anmmticsis 6ty
OvVIGTNAOTIKOD £pyoV

TEKUNPI®GN]  TOVL

210 TAaicl0 TV obyypovev emEUPAcE®V, TOL
TPOYUOTOTOOVVTOL Y10 TNV  OVIUETOMTION TOV
Prafov kot v ddoworn Tov pvnueiov, glval
avaykaio, OTmg TpouvaPEPONKeE, 1 GYEIOCTIKY Kol
POTOYPOPIKY)  TeEKUNPpioon TG VIAPYOVCAG
KOTAOTOONG TOV TEPLOYDOV TOL pvnupeiov mov Ba
dexBovv emepnfaoelg Tpv Kot HeTd amd QUTES.

H oyedootiky wvpiog tekunpioon mpo 1oV
enepPdocwy  glvar  omapaitnTn TPOKEWEVOL Vo
Somiotmbel to péyebog TV PETOKIVICE®V KOl TOV
TOPOLOPPOCEDY Kot Vo omoTyundel o  Poabpog
emKvoLvoTTaS Yoo To pvnueio. Ot meployég mov
mapovcldlovv Tig peyolvtepeg @Bopég mpémel va
amocvvaproroynbodv, dote va avtipetomcbodv ta
TPOPALOTO GTO ECMTEPIKO TNG KOTACKEVNG 7OV
TOVTOTE QTOKOAVTTTOVTOL KPLoOTEPQL OV
avapevopevov. H amotvmwon petd v enépfoon
TEKUNPLOVEL TNV KOTAGTOOT, 1| onoia Ba amoterécet
avoeopd oTNV  UEAAOVIIKY] TapakoAovONGn  TOL
pvnueiov. H ocvykpitikn mapdbeon g tekpnpimong
TPV KoL LETA TG enepPacels, delyvel To Katd TOGOV
KOTA TNV avVOSLUVOPHOAOYNOT| TOV HEADV eneTedyn
N EMAVAPOPA TOVG GTIS OpYIkES Tovg Béoelg, ondte
KOl 1 OOKOTAGTACT] TNG KOTOOKELNG OTNV OPYIKES
g 0106 TACELS.

KaBopiotikdg mopdyoviag yo v €mAOY)] TOL
KatdAAnAov pécov amotinmong eival o ypoévog mov
Bo amortnBel yio TV 0AoKANp®OON TNG AMOTOTOOTG-
tekunpioons. O ypovog v T emepPdoelg oe
pvnueia 60mwg o Iopbevovag mpémel mhvta va givor
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oUVTOHOG, ®oTe ol PAoppéveg TePOYES  va
amocvvappoioynBovv dueco. Emmiéov eivar BEParo,
0Tl Yy Jpopovg  AdYovg, OT®G  OVOTNPOV
XPOVOSOYPOUUATOV, YPNUOTOdOTNONG, o1eONTIKNG
oyMong oAAd  wopiog Yo AdYovg  OTOTIKNG
EMAPKEWNG, TO Mvnueio dev pmopel vo. Topapével
‘ovoIKTd’ Yo pLEYdAa XPOVIKA SIOCTHLOTA.

‘Evag e&icov onupavtikdg mapdyoviag EMAOYNG
KATAAANAOV LEGOV ATOTOTOONG EIVOL 1) OTALTOVUEVT
peyaAn motéTNTe 0mM06001g NG LIAPYOLGOG
Katdotaong wpw N petd Tig emepPdociy dote va
delyvovtol pe vyni peTPNTIK) akpifeia ta VAKA,
TO LOPQOAOYIKE Kol puBpoloykd ototyeia, OmwG ot
OmTOKAMGOEL, TOV YEOUETPIKAOV OTEPEDV ONO 1N
KOVOVIKOTITO KOl Ol OTTIKEG EKAENTOVOELS, OAAA KO
Ol TOPOLOPPADCELS TOL QOpén, ot Cnuiéc Kot ot
vewtepes  emeUPAcEl;  OTIC  EMQAVEIES  TOV
OPYLTEKTOVIKDV LEADV.

3. H dop1] TV YyOVIOV TG SVTIKIG TALLPAg

H 6vtkn mhevpd tov IMapbevdvo dwatnpel v
TmpoTe Kol oavBeviikdOTNTO NG Opyoiog
KATOOKELNG, YOPIC HEYOAEG OamdAElEG apyaiov
VAoV,  mapovctdlel  ®oTOcO  mpofAnparoa,
0QEILONEVO G QUOIKA Kot avBporoyevr| aitio. Ot
peyaidtepeg duokoiieg ot Katavonon e SOUNG
Kol ot olayeipon Tov AlBwv evtomiloviar oTig
yovieg. XTI mEPLOYES AVTEG, MOV Omd TNV APYKN
KOTOOKELT] TOVG EMPEME VO €lvOl EVIGYVLEVES, TO
OPYLTEKTOVIKG HEAT epmAéKovTal pe oOvOETO TPOTO,
glvonr  peyoddtepo kol dpa  Poapdtepa evd o1
KOUTOAEG YPOUUES TMV EKAERMTUVOE®V Yivovtol
EVTOVOTEPEG KO EMOUEVOG TO. OPYITEKTOVIKG HEAT
OTOKTOOV  YEMUETPIKO OTEPEG MOV  AMOKAIVOLV
TEPLGGOTEPO OO TO KOAVOVIKA.

Tavtdypove oTIG YOVIECG KATAUETPOVTAL Ol HEYOAD-
TePEC OLOVOIEELG OPULOV KO LETAKIVIGELG LEADV TOV
&yovv mpokAnBel oto pvnueio ot Sudpkeln TOV
AOVOV, AOYOD CEICHIKOV K.o. cupuPdvtov. Edioya
EMOUEVOC, 1 OTOTOTMOT] TOV OPYLTEKTOVIKMOV UEADV
TOV  yoviov Tov  pvnueiov  mopovoiblel v
peyoddtepn SLUGKOAMO, VD GLYXPOV®OS amottel Kot
™V peyoAvtepn akpipeto.

Avoluticotepa, ot yoviee G OLTIKNG TAELPAG
nepllappdvoov mAve® omd TO  KIOVOKPOVE TOV
KIOV@V, TI GTPOCELS TOV Op1yKol Kot TV dV0 AKpov
OV aET®POToG. O Oplydg TaAvm and TN 6TpMON TOV
EMOTVAIOV, omoteleital oy emTepikn Tapeld amd
™ dwpkn {oeopo (pe evoArdE TIG TPLyADQOVG Kot
TIg petémec) ko to dwldpoto pe tov Opdvo oty
ecotepikn. H otpoon tev oplovtiov yeicov
KoAOTTeL  dwapmepdg T dwpwkny  {oeopo. To
VIEPKEILEVO OETMUO amOTEAEITOL EEOTEPIKE OO TOV
opBootdrtn Kol £00TEPIKE TOV avTifnpatikd Toiyo,
dopnuévo and cepéc Mbomhivlov. Ta dvo pétoma
KOADTTTOVTOL SOUTEPDOG amd TO. KOTAETLO YEIGO OV

GTO OVTIKO OPLO TOVG PEPOLV TIG EMAETIOES CILEG KOl
6T0 Opl0 TOV HOKPDOV TAELPDV, TOVG MNYEUOVEG
otpotpes (kepopidwr). Ta eEbtota péAN TOV
yovidv givor obvleta, Omwg M YOVioK emoéTido
oiun pe ™ ovpevy VOPoppoM (AEOVTOKEPAAR), TO
aKpaio Katoéto Yeloo pe GuUELY TV amOANEN TOL
Topmdvov Ko to Béfpo akpwtnpiov mov emkdbeTon
mg Yoviekng enaétidag oiung (Ew. 2).

Ewova 2 Aopn tov yovuimv g SUTIKNG TAEVPAC.

4. Amokatdotaon ™S BA yovieg g dvtkilg
TAEVPEG

SOUQOVe. HE  TO  EYKEKPIUEVO  TTPOYPOLLLOL
enepPdocwv, mov viomolel n Yanpesio Zvvtipnong
Mvnueiov Akpomodng vo v enonteio g EXMA,
ol gpyoacieg otn ovtikn mhevpd tov IlapbBevava
€yovv empeplotel o€ 8§ VWOTMPOYPAUUATO, EK TOV
omoi®V aVTE TV VO YOVIOV NTOV TO TPMTO TOV
XOPUKTNPICTNKAY OG AUECNS TPOTEPALOTITOS.

‘Eto, xatd v mepiodo 2011-2015, oto mhaicio Tov

épyov «Zvvtnipnon Kot Avactiimon tov Mvnueiov
mg AkpomoAnc» tov EXIIA, IEIT «Attikny 2007-
2013» Eexivnoov, Ol €pyACies AMOKATAGTOONG NG
BA kot NA yovioag tov Oprykov tov [TapBevava, mov
orokANp®OnKav  €vTOG NG TPOYPOUUOTIKNG
mePlddov. AdY®D TOV EUQAVOV TPOPANUATOV TOV
mapovcialav ot dVo yovies kpidnke ovaykaio M
Hepikn  omoovvappoAdynon tov AMbov éog v
otadun tov emictudiov (Ew. 3).

Katd tv vAomoinon tov mpoypdppotog g BA

YOVIOG OV ToPOLGLALETOL AVAAVTIKOTEPO MG TTPOG
m tekunpioon, amoénimbnkav, omokatooTadnKoy
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dopukd kot emavoatomobeTnOnkay oto pvnueio, 63
OPYLTEKTOVIKA LEAN, €V EPYOCIEG OMOKATACTAONG
TPUYLOTOTOWONKAY €L TOTOV GTA OHOPO TOVG PEAN
oL Topépevay oto pvnueio (Ew. 4).

Ewéva 3 Anokatdotoon g BA kot NA yoviog tov
Opryxov tov ITapbevarva.

Ewoéva 4 Ano&niwon BA yeicov.

5. dotoypoppeTpiky omotiTmon ™S BA yoviag
Tov [MapBevarva

Y10 T7laiclo Tov  €pyov  «Zuvinpnorn Kot
Avaotiloon tov Mvnueiov g AxpOToANnc»
TPOKNPOYTNKE O1ebvig dNUOGI0G Sloy@VIoUOS e
avolKTh Slodtkacio |l 6Komd TNV EMAOYT avadOy o
v v eknovnon pedémg Tomoypapikdv Kot
DOTOYPUPETPIKOV ATOTUTOCEDV GTHV AKPOTOAN
TV AONVaV. AVTIKEIIEVO TOV £pYov NTOV 1 TANPTG
Kot akpiPig YEMUETPIKY TEKUNPLOON TUNUATOV TOV
Hopbevova, tov Ilpomviaiov kot tov vaod g
ABnvég Nikng. Avoivtikotepo:

Y1ov MopBevova

® 1 QOTOYPAUUETPIKY OTOTOAMGCT TV AB®V Tov
Optykov ot BA kot otnv NA yovia cg kdtoyn
og Khipaxeg 1:20 ko 1:10.

e mopaywyn okpfods  yneakov  opbo-
poTopmcaikod (true orthophoto) g kdtoymng
mg Popetag TAevpdg Kat g Oymg tov Oprykod
mg Popewng mhevpdg tov pvnueiov, pe xpnon
dedopévav mov o 560nKkav omd v Yanpeoia
og Khipaxa 1:20.

Y1a [Ipomviora

® 1 QOTOYPAUUETPIKT OTOTOTWOOT OA®V TV MO®mV
g VOTWOG TTEPLVYAG TOV Pvnpeiov oe OYELS Kot
o¢ Katoymn o€ KAipaxa 1:25.

® 1 QOTOYPOUUETPIKY] OTOTOI®ON TG KATOYNG
Tov pvnueiov og kKAipoko 1:100.

270 vaod AOnvag Nikng

® 1 QOTOYPUUUETPIKT] OTOTOTMON 1TNG KATOYNG
oV pvnueiov og kKiipoko 1:100.

H perém ekmoviinke omd tnv  oOumpoén
«CEQANAAYXIH A.E. — EAAHNIKH ®QTO-
I'PAMMETPIKH E.ILE. — ®QTOIIO A.E» katd 1o
dudotnpa 2012-2015.

[T ovykekpyéva, otov Iapbevodva tpofrémovray
N QOTOYPOUUETPIKY] OMOTOIMCT] GE KATOYN TOV
oTpOoe®v TV MBwv tov Oprykov ot BA kot oty
NA yovia, meployég mov Bpickovtal o€ Dyog 13m
nepinov omd 1o damedo tov pvnueiov. Ot petpnoelg
Kot Ot ANYELS TPoPAETOVTAY AUESMG LETA OO TNV
0ALOKANPOON TOV EPYUSIOV OTOGLVOPUOAIYNONG 1
enavaronofétnong oe kdbe opldvtia otpmon. Ta
TeEMKE  mapoadotéo  NTov  akpf]  ymolokd
opBopotopmscaikd (true orthophoto).

H ootoypapperpiky arotdnworn otmv BA yovia
tov IlapBeviva, mpaypatomodnke mpv Vv
kaBaipeon kol petd v emavatomofétnom, o€
KApoko 1:20, ylo TIC GTPOCELS TOV KIOVOKPAVOV,
tov emotMov (Ew. 5), tov tpiyldoov -—
Swlopdrov (Ewk. 6) kot tov opilovtiov yeicwov Kot
yw ™ otpdor opbootdtn TvuTdvoy — AbBomAivOwv
pnovo petd v emavartorofimon. H telikn kdroyn
ms BA vyovieg petd v emavatomoBétnom
arotun®Onke oe Khipaka 1:10.

To 2009 m «détoyn ™G OVLTIKNG TAELPAS TOV
I[MoapBevava giyxe arotvnwbel and v Ynnpecio og
kAipoko 1:10 (Ew. 7). H Myn tov nepimov 600
POTOYPAPLOV TOV CUVOMKA YPNOCIHLOTO oMKV,
€Ywve pe ynolokn eotoypaeikny pnyovy 12.8 Mp
(full frame 48 x 36 mm, 4368 x 2912 pixels) pe
eokd 35 mm amd péco Vyog 5 pétpov (péco
pnéyebog ekovoymeidoc oto €dagog 1.5 mm) kot
emkailoyn peyarvtepn and 75% €101 doTE va unv
VLAPYOVV ATOKPVYELS.
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Ewoéva 5 OpbBopotopmcaikd g katoyng tng
oTpOoNG TV emotAiov ¢ BA yoviag Ttov
TTapBevava, mpiv Ko HETE TV ATOKATAGTOON.

Ewova 6 Opbopotopmoaikd tng KOTOyng g
oTpMOONG TV TPYALpwV — dalopdtov e BA
yoviog tov Iopbevdvo, mpw kot petd v
OmOKATAGTOOT).

Ta @otootabepd mov petpnOnkav Mrav 1660
TPOoNUACHEVO onueio, 060 kor onueio Aemto-
pépetng. O POTOTPLY®VIGUIS TV EKOVDV, Yo KAOE
OTPMOON, EMAVONKE pPe HEON TETPAYOVIKY ATOKAION
pikpoTEPN Tov 1 mm ota POTocTAOEPA.

Ewova 7 OpBopotopmncaikd g katoyng g BA
yoviog tov  [opbevdvo, mpwv kot petd v
OTOKATAGTOOT).

Q01600 PO OMO TIC HEYAAES amOUTNOELS aKPiPelag
ot omoieg kaBopilovtar amd T omovdadTnTa TOL
pvnueiov, 1o €pyo avtd KaTd TNV EKTEAEST) TOV £iye
ONUOVTIKEG  10101TEPOTNTEG KOl  OvokoAies. Kart’
apybs to oyfuo TV AB®V OTIC GTPOCES TOL
amotumdOnKav  glvar  EaupeTikd  TOAVTAOKO,
yopoxtnpiletor and akavovioteg HETAPOAEG TOV
avayAdeov empaveleg TapdAinieg oty dievbuvon

TPOPOANG, EVTOVEG OGVVEYELES, EG0YES Kal TTPOEEOYES
(Ew. 8).

Ewéva 8 Apyikéc eucoves o S10QOPEG OTPMTELS.

Kabdc n tekunpioon mpaypotorodnke katd tnv
aVOoTIA®ON TOL Hvnueiov, HEYAAD TUNUOTA TOV
KOAOTTOVTOV oo  kpidpoto. To yeyovog avtd
emnpéoce KaBOPIGTIKA TNV EKTEAECT] TOGO TOV
HETPNoE®V 060 TV AMyemv. Ot MYELS TOV eIKdVOV
énpene va etvor mokvEg, €101 wote va eEacPAAOTEL
0Tl dev B0 VTAPYOVV TEPLOYEC TOL «KPVPOVTOLY
eEatiog ™G mpoomtikng. EmumAéov ot cuvvOnkeg
POTICHOV Empene va elval KOTAAANAES Yo va pnv
vdpyovv kaboéAov okiég. H mpocPacn o1ig mpog
amoTOT®won  mePLoyés e&aocpariloviav HECH TV
KPLOUATOV gpyaciag, To omoio ELUTNPETOVCAV KoL
TS OVOCTNAMTIKEG EPYOCIEG TOV TPOCOTIKOL TNG
YXMA, vanpyov Opo¢ Kou TEPOYEG TOL  TMTAV
dvckora tpocsPaoyleg (Ek. 9).

Ewéva 9 Ztrypodtono amod Tig LeTpioELS.
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KoBdg o1 khipaxeg amotdnmong frav peydreg, 1:10
kot 1:20, ektdc amd T yeopetpikn okpifea, to
TEMKA TOPadOTEN OQELOY VO £(OVV TNV avTioTOYYN
OTTIKN TTOWOTNTO €161 Mote va gival aflomotmoia
ond Tov TEMKO omodéktn. EmmAiéov, agod 1
OTOTONMOTN  TPAYLOTOTOMONKE O  SlOPOPETIKES
QAcEIS TG ovOoTNA®ONG ToL pvnpeiov, kdbe eopd
EMPEME VO OMOTUIMOVOVTIOL KOWEG  OOIUTAPAKTES
TEPLOYEG KOL VO LETPOVVTOL TOTOGTOOEPH OTULElD TOV
N €01 Tovg (01 GLVTETAYIEVEG TOVG) ITAV YVOOTI LE
axpifela peyoldtepn omd aVTH TG OTOTOTMOONG.

Téhog kpioyn 1060 Yo TNV YEOUETPIKY oKpifeia
OAAG KOl Yoo TNV ONTIKY TOWOTNTA NG TEMKNG
opBopmtoypapiag Ntav eniong n akpPng meptypaemn
(povtelomoinom) NG EMPAVELNG TOV OVTIKELLEVOD,
oALG KOU M GpoTn YVOoN NG YEMUETPlOG TOL
avtiKelévou ov amotvnddnke (Mavpopdtn 2013).

6. TpLodr1doTaTn GAPMOOY UPYLTEKTOVIKOV HEADV
10V Oprykov g BA yoviag Tov MapBevava

IMopdAinko pe ™V QOTOYPOUUETPIKY] OTOTOTWOON
™m¢ BA yoviag tov IMapBevava, katd tv mepiodo
20112015, mpaypatomomdnke tpLodldcTOT) GAPO-
on 55 apytektovik@v peAdv Tov Oprykol pe otdyo
TNV TGTH YEMUETPIKT TEKUNPIOOT TOVG, EMELTO OO
TIG €PYOCIEG OMOCLVAPLOAGYNONG KOl GUVTHPNOTG
KoL TPW TNV €NOvVOTOToBETNON TOVg oTo pvnueio
(Ewc. 10).

Ewova 10 Ztnyudétomo and 115 epyacieg 3D
COPOONG TOV APYITEKTOVIKMDY HEADV.

H teyvodroyia 3D kotoypoeng Le ENLYEIONS COPOTES
lasersmitpémetl v Toeio cvALOYN peydiov apBuod
onuelov pog emeavelag. Amotelel kot’ avtdv TOV
TPOTO, EVOEOELYUEVT] TEXVOAOYIO VIOl TNV YEOUETPIKN
TEKUNPIOON  OYETIKA HIKPOV  OVTIKEWEVOV OV
Umopovv va petokivynfovv kot va tomobetnfodv oe
KatdAAnAeg Oéoels. T va eacpolotel 1 TANPNG
KATOYPOQPY TNG YEOUETPIOG TOV  OPYITEKTOVIKOV
HEADV, OUTG ToToBeTHONKAY GE VO TOLAJYIGTOV
Oéoeic pe v Ponben Twv 600 YEPAVAOV KOl TOV
eEedkevpévor mpooomwkov Mg YEMA. Ou 3D
cOpdoEl;  Tpaypatomombnkay otov  Inkd TOL
MoapBevava, kKabmg kot 010 eEMTEPIKO TG AVTIKNG
kot Bopelog mAevphg tov. Xe kdbe 0Béom o
avtikeipevo copmbnke omd TEPLGCOTEPES OTACELS
MOTE VO KOTAYPAPOVV TEPLOYES TNG EMLPAVELLS TOV,
OV OMOKPOTTOVTOV AOY® TOL €VIOVOL OvAyAvpov
tov. [ v OtevkdAlvvon Kol emTdyvvorn TV
EPYOCIDV GAPOONG, TO WKPOTEPU OPYLTEKTOVIKA
pEAN  TomoBeTHONKOV OE  E0IKN| TMEPIOTPEPOUEVT
mhateopuo. Idwitepn €éupacn d66nke axdpa otov
GUVTOVIGUO TOV €PYOCIOV TPOKEUEVOL VO NV
dnuovpyovvtor  kaBLOTEPNGELS GV EMOVO-
TOTOOETNOT TOV UPYLTEKTOVIKAV PLEADV.

I[Two ovykekpyéva. ot 3D capdoelg mpaypoto-
nombnkov pe capoty laser “time of flight” mov
owbéter n Y.Z.M.A. H yeoperpikn axpifeio
Tpocdopopod g Béong pepovouévov onueiov
glvalr 6mm (GOUPOVO e TOV KOTAGKELOGTH) EVD 1
yeopeTpik]  okpifele  tov  mopoayopeveov 3D
poviédov  empavelng (3D mesh modelg sivan
KoAvtepn, g taEng tov 2 mm o kdBe
APYITEKTOVIKO PEAOG Ttpaypatorombnkay 10 émg 15
UELOVOUEVEG CAPAOOELS OnO SLUPOPETIKEG GTACELS,
He mokvoTnTe onueiv avd 2mm, 6on dniadn kot 1
TUTIKY aKpiPela TOV GOPMTH.

Tomwcd amotéhespa Kabe olpwong elvat Eva Tokvo
VEPOG oOmMUElOV OV TEPLYPAPEL TNV EMPAVELL TOV
avticepévov (Ew. 11). Qotdéco, oe kbbe véEQog
onpel@v VPOV APEVOG KEVA AOY® OTOKPOYEWYV,
AQPETEPOV  €CQOUAUEVE.  onuei  oTa  Oplo.  TOV
OTOKPOYE®V, EVM 1 TUKVOTNTO KOl 1] TOWOTNTO TMV
peTPNUEVOV onpeioy dgv gival opoldpopen 6e OAN
TV EMPAVEW  TOV  OVTIKEWEVOD  AOY®  TNG
SlpopeTikng amdotacng kol yoviag 0¢aong and tov
GOPOTN.

Ewévo 11 Topadetypo vépovg onpeiov omd pia
LEULOVMUEVT GAPOAT).
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Ta Swkprtd vépn onueiov (point clouds) mov
TPOEKLY OV, GUVEVOONKAV apyLKd e ETAOYT KOOV
ONUEIV AEMTOUEPEIDV KOl OTNV  OULVEYELD LE
OAyOpIOHOVG GUVTOOTIONG EMLPAVEIDV. AKOUQ, LE
KOTAAANAOLG aAyOpOpovg emeEepyaciog ta eviaio
vépn onueiov koBopiotnkav and 06pvfo Ko
TPryovioTnKav Oote vo mapoyfovv to teAkd 3D
HOVTEAD TV HEAMV, TO, OTOI0L OTOTEAOVVTIOL OO S5
¢w¢ 10 ekatoppopuo tplywva.

Ta moapayodpeva vépn onueiov, Topott dlabétovv
YPOUOTIKY TANpOQOpia, dev e&acparilovv amd pova
TOUg TV omddoon eviaiag Kot LVYNANG ToloOTNTag
OOTOYPAPIKNG VONG oTo TeAkd 3D povtédo. Eivon
¢tol anapaitmrog o cvvévacuds 3D cdpoong kot

dotoypaupetpiog (Serna et al. 2015, Zhang et al.

2006, Aguilera et al2006). T'o Tov ckomd owTO,
tovtoypova. pe v 3D ocdpwon ta  péAn
QOTOYPOENONKAV e YNOOKA UNYov)] ovOaAvong
20.3 MP mote va omodofel PBEATIOT Q®TOYPOPIKY
ven ota 3D povtéha empaveiag (Ewc. 12, 13). Ot
Mwyelg Eyvav amd katdAinieg Oéoglg Kot andoToom
®ote va do@oAiletor TOALOTAY EMIKAALYT Kot
gdapoyneida KaAdTEPN TOV 2 MM.

O1 ewkdveg Bobpovounnkav Kot TpocavatoMoTNKaY
LECH QOTOTPLYOVIGU®V HE TNV PéEB0d0 NG déoung
(bundle adjustment), pe opdioya onueio mov

petpnOnkav  avtopote (Grammatikopoulos et al.

2015). Q¢ potoctabepd ¥pNoUOTOMONKAY PUCIKA
onueic TOV pPEA®V TG OmWOl0L EVIOMICTNKOV KoL
petpnOnkay 1660 oto 3D povtého Tov copwt 660
KOl OTIG EIKOVEG.

Ewéva 12 Anddoon ootoypapikng veng oto 3D
povtédo tprydvev (3D meshmode) and 70 nepinov
EMKAAVTTOUEVEG EIKOVEG,.

Ewéva 13 Anddoon ¢otoypapikng veng oto 3D
povtédo tprymvav ond 110 mepinov emkaAvnTOpEVES
ewoveg (apyrtektovikd pérog BA. KK.).

2NV oLVEKELD, OTO TIG TPOCUVOTOMOUEVEG EIKOVES
arododnke owtoypoapikn ver ota 3D povtéia
empoveldv. [ Tov okomd avTtd ¥pnoiponoonke
KatdAANAog adkyopBpog o omoiog evtomilel avtdpata
TG €IKOVEG 0TIS 0Toieg eppavileTot kdbe Tpiymvo Tov
povtéhov Kot to  ypopatifel pe  dwdikacio
TapeUPOAIG YPDOUOTOG, BOTE VO EMTUYYAVETOL T
OTTIKT CLVEYELD TOL TEAKOD amoteléopatog (Karras
et al. 2007). Ztg ewodveg 14, 15 xa 16
TaPoVCLAlovTal OpIoUEVA EVOEIKTIKA TapudetypoTa
potopeoMoTikdv 3D povtédmv mov mpoékvyav e
v Tapandve pedodoroyia.

Ewévo 14 TMapdderypa TeEMKOV (OTOPEOAGTIKOV
3D povtéhov (apyrtektovikd pérog ALE. 1.1).

Ewévo 15 IMapdderypa TeEMKOD (QOTOPEOAGTIKOV
3D povtéhov (apyrtektovikd pérog B.E. 16.1).
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Ewova 16 ITopdderypo teAkod QOTOPENAIGTIKOD
3D povtéhov (apyrtektovikd péhog AT, 2).

Téhog, m vanpecio mpoydpnoe oty OSnuovpyic
avVTLYPAQ®V 600 OPYLTEKTOVIKOV UEADV GE KAILLOKO
1:10 kot 1:20 péow g teyvoroyiog g 3D
extommwong. o tov okomd avtd ta 3D poviéia
TPYOVOV TOV PEADV Tov Tpoékvuyav ard v 3D
GOpPMOT  UETATPAMNKOV O KAEOTA OTEPER KOl
Kodwomomnkav o€ KatdAinio tomo apyeiov (Ew.
17).

Ewéva 17 3D extdnoon oe whipaxo 1:20 tov
TEMKOV HOVTEAOL EMIPAVELNG TOV TPOEKLYE amd TNV
3D cépwomn 600 apyITEKTOVIKOV HEADV.

7. Zopunepaopata

Agv yevvatar apeiporio 6T 1 cOYYpovn TEYVOAOYi
mapéyel  epyodleln kot mpoidvia  tekunpioong
afomoto Kot €KE OTIS OMOTUTAOCES HEYAANG
KAMpokag avovtikatdotato. 201060 TPOKEEVOD Vi
emurevyfel 10  OpTIOTEPO  OMOTEAECUO, TEPAOTLL
onuocicc.  €xet  m  ovvepyooiag OlmvV  TOV

H ootoypaupetpikp omotommon  divet v
dvvatdmta  toyelog oLAAOYNAG TV dedOUEVOV
vroifpov, yoplgc vo  mpokoAel  onpovTKEG

koBvotepnoelg oT0 XPOVOSAypopLLeL TV
AVOOTNA®MTIKOV — gpyactdv, 1dwaitepa  Otav 1
AMOTUMMOOT]  TPOYLOTOTOEITOL O JLOPOPETIKEG

(PACELS TNG OVOCTHAW®GCTG TOV P LUEiov.

Tovtéypova 1 QoToypappeTpio, EemTPEMEL TNV
Topaymyn vroBafpwv gviaiog akpipetog
aveapTNTMG TG £KTAGTG TOVS KOl TNG LOPPOAOYING
TOVG KOO KOl GE TEPLOYES TOV OV TPOGEYYiLovTal.

Emumdéov 1o opBogpmtopmoaikd cvvdvalovv 1
Ye@UETPIKN oKkpifela Tov oyediov pe TV OWTIKY —
TOWTIKN TANpopopia g eotoypaeiog. 'Etor
teMkn eEeldikevpévn epunveio kol oyxediaon tov
WHTEPOV  YOPOUKTNPIOTIKOV — TOV  OVTIKEWEVOD
yivetol amd TOV TEAIKO OMOSEKTI), TOV OPYLTEKTOVOL
Kat Tov apyaordyo (Mavpopdn 2013).

Q01000, TO GUYYPOVA POTOYPUUUETPIKO TPOIOVTA
vAomolobvTat amd £EEOIKEVIEVO TPOCHOTIKO Kol LE
€O efomhopd Kol OmOLTOUV ONUOVTIKO YXPOVO
omv enefepyacia TV dedopévav mov  avEavel
avaloya pe tov Babud g emtBuuntig YEOUETPIKNG
axpipetoc.

H 1teyvoroyia g 3D oclpwong emtpémer v
ypfiyopn kou axpipn katoypagn g yewpetpiog
ovvletov  aviikeévov. Qotdco  oe  TOAAEG
MEPIMTOCELS OgV EMAPKEL O OV TNG YL TV TANPN
kot pe evwio  okpifela  amotdinwon OV TV
AETTOLEPELDOV TOV TPOG OTOTVIMOCT] OVTIKELLEV@DV.
To éviovo avayAvpo g GuVOLAGUO LE TV SLoKOALN
tomofétnong tov copmt oe KatdAAnieg Oécelg
MOTE VO KOTOYPAPOVTOL UETOTIKA OAEC Ol TEPLOYEG
TOV OVTIKEWEVOV 00NYel G€ OmOKPOYELS Kol KEVE
oto. teAkd 3D poviéha, 1dwaitepa e pvnpeio
peydaov peyéBovc. Xe ouvvdovacpd OpOG HE TNV
Ootoypoppetpio eivar dvvaty n dnuovpyic 3D
HOVTEA®V  EMQEAVELNG VYNANG Kol  OHOLOYEVODG
axpifelog Kot OTTIKNAG TOLOTNTOG.

Téhog aveEaptnta and tn péBodo Tekunpiwong Tov
Oo emiheyel, owtoypoppetpic 1 3D ocdpwon 6Oa
mpémel va Anedovv cofapd v’ dyv Kot To eENG: o
GUVTOVIOUOG TOV  TOAMOV  atdpmv, Sedpov
EWIKOTATOV, TOV EUTAEKOVTOL GTIV VAOTOINGT TV
gpyacidy, 1 dlayeipton Tov VAKOD WOV TOPAyETOL
Kot M OLOUOPP®OT] KOW®MV EPYUAEI®Y KATAYPOPNS
Ko O1ayEiplong Twv TANPOPOPLOV.
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CONCESION AREA “B OYADZHIK ™
A GPS ASSISTED SURVEY FOR THE PROTECTION OF CULTURAL HERITAGE

T. VALCHEV, S. BAKARDZHIEV

Regional historical museum, Yambol, Bulgaria
twulchev@gmail.com

Hepiigyn/Abstract

To 2011 oudda and 1o Ieprpeperaxd Movceio Tov [Noumdd dievipynoce €pevva apyooroyikedv Bécemv otnv
mepoyn mapoydpnons “Mroylatlik”, n omoia Ppioketar oto Anpo Todvtlo ko exteiveTon og 8,5 T€T. (1A, GTO
£€000poc TV yopwv Mmoywtlik, ['kaiaunivior kot Zlatdpt. Zopeova pe TG TeplBorloviikéc cvvonieg
APNOLLOTOMONKOAV EVTIOTIKES KO EKTATIKEG epgLVNTIKES dadikaciec. H evtatikn puébodog ypnoonombnke otig
TEPMTAOCE OTOL 1 OPATOTNTO OTNV EMPAveW eivol mave omd 50%. Ko okoAovOnoce 6co tO dvvatd
0100epOTEPO PLOLO KOTA TNV EMTOTLO dlePeVVNION TOL YDpov. Ta wéAn ¢ opddoag aneiyoav peta&d tovg Emg 20
pétpa. Kotd v extatikn €pgvva 1 amdotacn devpdvinke oto 25 pétpo, Kabmg amotedel Tn péyiom
EMUTPEMOLEVT] OMOGTACT EMKOWOVIOG HETOED TV HeEADV Tng opddas. H épevva mediov amoxdAvye oktd
EMMESOVG OIKIGHOVGS, £VaL LOVOSTIPL Ko Evav TOUO.

In 2011, a team from Regional historical museum inYambol, Bulgaria, carried out a field darvey
archaeological sites in the concession area of Boyadzhik. The survey covered roughl§ Bearkine villages

of Boyadzhik, Galabintsi and Zlatari in the Tundzha Municipality. Two field strategies, intensive and extensive,
were employed during surveintensive survey was employed when visibility of material culture on the surface
exceeded 50%. The members of the team followed a steady rate during their fieldwalk across the research area

and were spaced 20 m. from each other. During the extensive survey, the walker spacing was increased to 25 m.
— the maximum distance allowing easy communication. The team identified and documented eigdit open
settlements, one monastery and one burial mound.

Keywords:Field Survey, Culture Heritage, Boyadzhik, Yambol

Introduction 1. Methodology

In the autumn of 2011, a team from the Reglo The strategies used during the field survey were
historical museum in  Yambol investigated based on local environmental conditions. The team
archaeological sites in the concession &m@avn as used both intensive and extensive surveys (Fig. 1).
Boyadzhik. The area of 8.5 sqg. kis found near the

villages of Boyadzhik, Galabintsi and Zlatari in

Yambol Municipality Bulgaria (bakbpmxues,

Bwiues 2012, 555).

The team from the Regional historical museum is
amongst the first in Bulgaria tase of information
technology in echaeology, havingreviously used
various technologies during archaeologicild
surveys in 2008 under the Tundzha Regional
Archaeological Project (TRAP). The international
project based in Yambol region was led by Shawn
Ross, Adela Sobotkova, lliya lliev and Stefan
BakardzhievThe projectaimed to document cultural
heritagethroughnon-destructive field methodsuch

as intensive field surveys aided by ##te remote
sensing, mobile computing, relational databases and
Geographic Information Systen(liev et al. 2012). Figure 1 Survey record sheet.
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The first was employed when the visibility of the 2. Results

field surface exceeded 50%. The members of the

team surveyed the territory at a steady rate using 20During the field survey in concession area
m. walking spacing and 20 m. intervals between Boyadzhik, 10 archaeological sites were
them, creating 20 x20 m. investigation units. registered: 8 settlements, a monastery and a burial
Artefacts were counted and recorded at the end of mound (Fig. 3)(bakspmxues, Boaues 2012). The
each unit. Diagnstic pottery pieces were collected openair settlements are presented from Nerth
and processed. Each polygon consisted of either 4 xwest to Soutteast.

4 or 6 x 6 units depending on the participants.

In contrast, during the extensive survey the spacing
between walkers was increased at 25 m., as this was
the maximum ditance allowing easy communication
during fieldwalking (liev et al. 2012, 1419).

All sites were documented using GPS. We used GPS
points to show the approximate size of the
archaeological site and its correct position on the
geographic map. Analyses dhe results help to
determine areas with pottery concentration, which
could be interpreted as potential archaeological
features. Archaeological sites with no pottevgre
similarly recorded using GPS, photographs and
textual descriptions, which included information on
the condition of the site (Fig. 2).

Figure 2 Object record sheet.

Figure 3 Concession area Boyadzhik with all archaeological sites {apesettlements in red, medieval
monastery in green and burial mound in blue).
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Settlement 1 has an area of 0.4 ha. (Fig. 4). Pottery \ | P)
pieces from vessels covered with green or brown o

glazewerefound. The ceramimaterial is typical for ‘

the Ottoman period 16™16" centuries AD T

([letaboB 2004). -

. [ I“" |
Settlement 2 has an area of 0.17 ha. (Fig. 5). The - . -— | ‘ | ‘

ceramic finds include pieces from plates and
amphorae, datechithe period of the late Antiquity | || B | | J
(4"-6" centuries AD) (Fig. 6) (Kysmamos 1985). N
During the field survey, two flint tools were also i
retrieved (Fig. 6).

0 Scm
com_m — — —
coo = .
\PC U2t Figure 6 Wheetmade pottery fragments and flint
~ tools.
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Figure 4 Area of settlement No 1.
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w
\C02.04
coz ol
03,02
lersceocsscersscarsserceeeressornesd
_ Figure 7 Area of settlement No 3.
Cioz 03 Lz 02,

Settlement3 has anareaof 0.4 ha (Fig. 7). During ' —
the survey, the teafoundfragments from handmade

and wheelmade pottery pots, plates and storage L : - ¢
vessels(Fig. 89). Some of them have decorations ‘_ .
from incised lines ostick ornamentgFig. 8). On the 4

basis of the recovered material culture, we dated the

siteto the Early Iron Aye andAntiquity (Kabakuuesa ‘
1986, Hexpuzos 2008). Figure 8 Handmade pottery fragments.

Figure 5 Area of settlement No 2.

VALCHEV & BAKARDZHIEV 22



2nd CAA GR Conference

Athens, Greece 2016

Yy
Q _

N
\

Figure 9 Wheelmade pottery fragments.

Settlement 4 hasn areaof 19 ha (Fig. 10. It is
situated on theath-west coast of a small river. Two
periods of habitation are indicated: Bronze Age and
Antiquity. The handmade pottery material from
Bronze Age includes fragments ino pots and
storage vesselgFig. 11) (Jlemmakos 2006). The
ceramic material fromAntiquity is dominated by
fragments fromamphorae, pots and plat@sig. 12)
(Kabakuuena 1986).

C04_10

C04_09
0408

Co4 07

W

C04.08

CO0404

C 0405

Figure 10 Area of settlement No 4.

' gy

Figure 11 Handmade pottery fragments.

\
b

Figure 12 Wheelmade pottery fragments.
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Settlement5 has anareaof 0.17 ha (Fig. 13)The
team recovereftagments fromwheelmade pottery
pots plates, bowlsand amphoradFig. 14) They
belong to the Antique periodKaGakunesa 1986,
Ky3manos 1985).

Cos 03

05 02
Co5.m

Figure 13 Area of settlement No 5.

Figure 14 Wheetmade pottery fragments.

Settlement 6 has an area of 1.64 ha. (Fig. 15). During
the survey hanehade pottery from the Late Bronze
Age was located. The decoration of the ceramic
assemblage includes incised lines and holes, as well
as stamps with circles (Fig. 16)lemakos 2006).
The operair settlement was #@habited during the
Antiquity. The wheelmade pottery from the
Antiquity includes pieces from pots, jugs and
amphorag(Fig. 17) (Kabakuuesa 1986). Analysis of
pottery fragments showed that the site presents
horizontal stratigraphic variations. In the western part
of the site later materials dominated. Flint and stone
tools were also retrieved (Fig. 18).
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Figure 15 Area of settlement No 6.
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Figure 19 Area of settlement No 7.
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Figure 16 Handmade pottery fragments N
mn ‘
‘” \‘\‘ ‘
/ \ Figure 20 Wheetmade pottery fragments.
b Y ‘ Settlement 8 &s an area of 6.75 ha. (Fig. 21). It is

situated soutteast from the lake dam. The survey

team collected fragments from haméde and

wheelmade pottery. The ceramic assemblage

included: pots, plates, bowls and storage vessels (Fig.

22). Some of them are decorated with channels,

Figure 17 Wheetmade pottery fragments. incised lines and stamps of circles and lines (Fig. 23).
The ceramic materials belong to the Early and Late
Iron Ages(Hexpuzos 2008).

C o8 04
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Cos.0

Figure 18 Flint and stone tools.

Coe 10
Settlement 7 has an area of 0.7 ha. (Fig. 19). It was 1

inhabited during the Late Antique period™(@" €080
centuries AD. During the survey fragments from . PE"B—”“ v
wheetmade pottery were found: amphorae and

storage vessel (Fig. 20Ky3manoB 1985). Some

pieces from metal slag were also identified. Figure 21 Area of settlement No 8.
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Figure 22 Wheelmade pottery fragments.

\ )

Figure 23 Handmade pottery fragments.

The monastery “St. George” has an area of 4.64 ha.

(Fig. 24). It is situated soutbast from Boyadzhik
village. A restored temple from the end of"aQ is

situated on site. During the survey, we documented a

fortification wall built with small and medium size

processed stones and white mortar. Its height is
between 1.2 and 1.4 m. and its width is 2.6 m. The

wall survives in differat spots with the mamum
length reaching 12 m. The monastery is situated in
the foothill of the Boyadzhik fortress, which is dated
to the Late Antique and Medieval periods. The epen
air settlement No6 was located nortkast from the
monastery.

Figure 24 Area of the Medival monastery with
modern temple.

The burial mound is small with a height of 0.8 m.
and a diameter of 18 m. It is situated on a hill.

Conclusions

The concession Area Boyadzhik provides an
example of how geomatics, such as PDAs, GPS
systems, and GIS, can help us document the location
of ancient opesair settlements more effectively. The
experience gained by the archaeologists from the
Regional historical museum in Yambol in the use of
such technologies places them among the leading
teams in field surveying in Bulgaria.
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Hepiigyn/Abstract

H texunpioon g avaoka@ng £vog apyololoytkov KTnpiov Kot 1 S1cVVOESN TV TOKIAWV TANPOPOPIOV
(avooKoEIKE MUEPOAOYLD, POTOYPAPIES, TOTOYPAPUKH oyEdle, K.o.) &ival po Stadikacio. moAvovvOeTn mov
pumopel va emtevyfel POVO LEGC® NG EVVOIOAOYIKNG HOVIEAOTOINGNG TOL OVOTOPIOTA e opfotnta T
OMUACIOA0YIKT epunveia Tovg. H avamtuén minpogoplokdv cvotnudtov nov Poaciloviol 6e oNpacloA0YIKE
ROVTEAD Yl TN Stayelpion TNG OPYOLOAOYIKNG TATPOPOPING, TPOGHEPEL TEPAGTIEG SVVATITNTES AOBNKEVONG Kot
OMOKAPOONG £TEPOYEVAV Oedopévav. Zto Gpbpo avtd mpoteivetor pio pebodoroyio povreromoinong twv
3edOUEVOV NG OVOOKOAPIKNG O1a0IKaGToG 68 cuVOLOOoUO Pe GMCOUEV OPYITEKTOVIKA Aelyova, e GKOTO TN
dtevkdAvvon ™G HeEAETNG Kol avdAvong g otopiag Tov apyotoloyikmv Ktnpiov. H peBodoroyio avtn
Booiletor oto gvvololoykd povtéro avagopds CIDOC CRM (S1ebvég mpdtumo 1ISO 21127) kot TI¢ EneKTACELS
tov (CRMarchaepCRMbg CRMinf). Q¢ mapdaderypa peAétng yio Ty Topouciosn Tov TPOTEWVOLEVOD HOVTELOV
avamapdotaonsg yvoong ypnotponominke 1 Avtikny Owcio Tov apyooloyikod xdpov Tov AKp@Tpiov TNg
Onpag, SedoUEVA KOL EVPTLOTO TG OTOI0G TEPLYPAPNKAY LECH TOV OVIIGTOLY®OV GTOLXEI®V TOV TPOTEWVOUEVOL
LLOVTELOV.

The documentation of an archaeological building excavation and the integration of diverse information thereon
(diaries, photos, topographic plans etc) in a manner that accurately represents their semantic value can be
achieved through conceptual modelling. The development of information systems that make use of semantic
models for archaeologal information management offers huge potential for storing and integrating the
heterogeneous datasets generated in this field. This paper presents a model of the connections between
excavation procedure data and data on the preserved architecturalsremaider to support analysis of the

history of buildings known through archaeological contexts. This method works from the Conceptual Reference
Model CIDOC CRM (ISO 21127) and key extensionee West House of the archaeological site of Akrotiri,

Thera has been used as a case study for the testing and demonstration of the proposed knowledge model;
pertinent archaeological data, finds, and remains were mapped to the proposed model.

Aé&erc Klerdia.: Evvoloroyikny Moviglomoinor, CIDOC CRM, Apyatoroyia, Tekunpioon

70 apyeio TekuUnpimong evog apyoloAoyIKov KTnpiov
TPEMEL VO, TEPIAAUPAVEL OAEG TIG TTANPOPOPIEG OV
€YOUV TPOKVYEL G OA TN SLAPKELN TNG AVUTKOPNG
oV (Spencel994).

Ewayoy

H texpnpioon tov evpnudtov g avacKoens LG
apyooroykng 0éong mov ScMIEL OPYLTEKTOVIKA
Aetyava  eivor pio dadwkacio.  TOAOTAOKN Kot
TOAOTAELPT. AT opeiletal Kuplmg oTNV EUTAOKN
TOADV  OTOU®V  JPOPETIKAOV  EOIKOTATOV KO
EMOTNUOVIKOV TSIV, Ol omoiol He TOKIAOLG

H paydoio avémtoén Ttov  TEXVOAOYI®DV  TNG
TANPOPOPIKNG  TPOCPEPEL TEPAGTIEG OLVOTOTNTEG
GLAAOYNG KOl moBNKELONG TNG TANPOPOPING e TV

TPOTOVG Kol péca mTpoomafodv va TEKUNPUHGOVY
Kk@Oe dpdon N evépyelo mov cvpPaivel ota TAGIGLY
™G  avooKoQIKng dwadikaciag péoo amd  éva
€TEPOYEVT] KOl TOKIAO OYKO Oedopévov OTmg Yo
TOPASELY O MUEPOADYIL, OEPOPMTOYPAUPIES, TOTO-
YPOQIKd oyEdo, YAPTEG, KOTAAOGYOLS ELPNUATOV,
TPIOOIAOTATEG OVOTAPACTAGES Kot GAAD YnooKd
avtikeipevo. Ola to mapamdve eival dvokolo va
TeEKUNPpododv ek TV VoTEPOV Ywpic va yabodv
oNUOVTIKEG  TANpogopiec.  Aedopévov  OTL 1)
OVOoKOQN EVOL L0l KOTOOTPENTIKY dpOaoTNPLOTNTA,

avantoén  dweopwv  epyodeiov  Omog  Pdoeig
dedopévav  Pooiopéveg  oe  debvry  mpoTLITAL
(standards (Midas Arachne, The Core Data
Standargl dwdpopa oyfpota peradedopévev (The
Dublin Core Lido) kot Onoavpoi (The Art &
ArchitectureThesaurup

Ta  meplocodTEPE  TANPOPOPLOKE  GLGTHUATO
AP ALOAOYIKTG TEKUNpimoNg oyetilovTol cuvnbmg e
T Jlyeiplon Kol opyaAvmoN TV TOUEDV  IOG
avacKaens, e&aceaiifovtag v TawToToinom Kot
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TaEvOUNon TV EUPMUAT®V € OAOVG  TOVG
avaokapkovg topeig. H petaysvéotepn pedémn tov
VMKOD Yoo TNV TEAKN dMpocigvon yivetor cuvnbmg
pHe  OlQOPETIKA ovoThuata kot peBodove, pe
omotéhecpo  va  mapovotaloviol  TpoPAnpota
Swertovpykdtnrog,  Wwitepa gUQAvV  OTIS
MEPMTMGES PEYOA®V amobetnpiov yvdoemv OTOL
OTOLTEITOL 1] OVTOAAOYT] TV TANPOPOPIOV UETAED
SlPopeTik®V  cvotudT®v. Ot JUOKOAEG OLTEG
opeihovTol KUPIdg GTNV EAAEWYT] ONLLOGIOAOYIKMV
SopdV 0pYAVMONG TNG OVOCKOUPIKNG TATNPOPOPING
Kot TOV  peTodedopuéveov g pHe  Pdorn  debvy
TPOTLTAL.

AvtomokpwvOpev otV avaykn  outn, TG
ONUOGCIOAOYIKNG OPYAVMONG TOV JEQOUEVMV NG
avaoKaQNG VO apyaloloykoD KTnpiov, 1 Tapodoa
peAéTn apopd ctov koboplopud pag pebodoroyiog
EVVOLOAOYIKNG HOVIEAOTOINOTG TV JEJOUEVOV TNG
avaokaplkng oadkaciog pe  owldpeva  apyl-
tekTovikd Agtyava Paclopevn oe debvn mpdtuTo,
omwg 1o CIDOC CRM kot Tig €meKTAGELS QLTOV
CRMarchaep CRMba ka1 CRMinf. Zvykekpipéva
mwpoteivetor  pioe pebodoroyio  €vvololoyIKig
povTeEAOTTOINONG HE OKOTO TNV  TOPAy®YN €VOG
EVVOIOAOYIKOD  HOVTEAOL Y10 TN ONUOGLOAOYIKE
GUVEMN TEKUNPIOON NG OVOOKOUPIKNG Ol0dIKAGTOG
KOl TOL TOPOYOUEVOD TOADLOPPOV  OVOCKOPIKOD
VAKOD, TO Omoio vo  dlevkoADvVEL Kol va.
TapakoAovlel TV dOunon TG EMYEPNUATOAOYIOG
®G mpog TV epunvein Tov TopeAbBoviog. H
Tapovciocn avtng g pnebodoroyiag emyelpeital pe
™m YPAoN TOV ONUOCIEVHEVOV  UEAETOV  TNG
avackaens g Avtikng Owiog Tov AkpmTnpiov g
Onpoac. ATtotérecua g pebodoroyiog avtng etvor M
dnuovpylo €vOG YEVIKOU HOVTEAOL OVOTOPAGTOONG
yvoong (oyuo kKAdoewv katl oxécewv) (Ew. 4).

Me v péBodo KATAGKEVNG TOV HOVIEAOVL 0VTOV,
eEac@aliletal 1 oNUOCIOAOYIKY SOAEITOVPYIKOTNTO
TOV 0e00UEV@V, N GLVETNG OVOTAPAGTOCT YVAOONG
Y T0 GOVOAO TOV 0OVOCKOQIKGOV SodKacldV, M
0AOKANPOGN dedopévav He OPYOLOAOYIKEL
OVTIKEIPEVO, KTAPLOL Kol HE €pUNveieg mov €xovv
amodobel 1 amodidovral, kaODG KoL M GUVETNG
avamapdotacn Tov TopelBOvVTog Kol 1 cOvdEST L
mv  mpoélevon g mAnpogopiog.  Emiong,
vroompiletor M dvvatdTNTA  EMCKOTNONG TOV
OedOUEVOV OO TOAMUTAEG eVOTNTEG 1 OYELS OTMG
Y10 TOPASEYLLOL OVOCKOAPIKTY), OPYOOAOYIKT/IGTOPIKY,
EPUNVELTIKY KO AAAEC.

H avamapdotaon yvoong mov mpoteivetar pumopel
VO EQUPUOCTEL  OE  YEVIKELUEVO  GLGTHUATO
dedopévov mov Pacifovtar oe texvoroyia XML 7
kot og diktva yvoong mov  Pacilovtar og
teyvoloyia amobetnpiov ypdowv, T@v omoiwv ta
dedopéva Tovg eivar oe popen dtacuvdEdEUEVOV
dedopévov RDF.

1. Evvowoloywkn] povteromoinon - AvVooKOQIKA
0£001LEVO KOL OPYLTEKTOVIKG Aeiyava

AveEdpmnta and TG S14popeg avacKAPKES LeBOd0VG
N tg uebddovg availvong kol epunveing TV
APYALOAOYIKAOV JEQOUEVMV TOV ¥PNGLOTOLEL 0 KEOE
EPELVNTNG, 1 TOPAY®YN AOYIKOV GUUTEPAUGLATMOV
TANPOPOPING YVAOONG TPOYUOTOTOLEITOL UECH TNG
0AOKANPOONG ETEPOYEVAOV KOl TOIKIA®MY OESOUEV@V.

Ta dedopéva HIOG OvVOOKOENG TPOEPYOVTIOL O
yeyovOto.  MOPOATAPNONG KOl  HETPNOEDV TV
apyooroywv  (Banning 2002). Avrtictoyo, ta
ocmlopeva OPYLTEKTOVIKA Aetyova €VOg
apyatoroykov ktnpiov (toiyot, ddmeda, mopdbvpa,
KAUOKOGTAGIY, K.0.) OTOTEAODV TO TO TPOPOVI
otoyele mov pmopel  va  avayvopicer  évag
apaodoyos Katd v dtdpkelo piag avaokaens. H
HEAETN TNG APYLITEKTOVIKNG, TOV TPOTOV KOTOOKELNG
KOl TOV SOUIKOV VAKOV TOVG, TOPEYEL CTHAVTIKEG
mAnpoeopieg yio v €&0ywyn CLUTEPUCUAT®V GE
oy€om e TN SO KOl TNV 0pyavmon g Kowvmviog
KkéOe emoyng. Ewwd otov topéa g tekunpimong
TOV TPOTOV KOTAGKELNG TOV OPYULOAOYIKAOV KTNPiwV
yiveton 1dwitepn pvelo to teAevtaio. ypdvia, pe
AmMTEPO OKOTO TNV avAdEIEN KOl GUVINPNOCT TOVG
(ICOMOS 1990). Xta mAaicta avtd £xet ovamntuyBel
évog Wwaitepog kKAGS0g pe to debvég dvopa Building
Archaeology yw 1™ pedém Oyt poévo g
OPYITEKTOVIKNG OAAG KOl YeEVIKOTEPO TOV TPOTOL
Koatookevng avtmv (Schuller2002).

Ymv mepimtoon eWdwd g Tekunpioong Tov
MPOICTOPIKAV  OPYOLOAOYIKDV  OVACKAPDV, 1)
HovVodtKOTNTO HETAED GAAMV TOL  OPYOLOAOYIKOV
TEPPAALOVTOG, 1) SIACKOPTICT) TOV EVPNUATMV KOL 1)
KATOGTPOPN OVTAOV OO LETAYEVECSTEPEG OMODETELS,
K0016TOOV dVGKOAN Kot TOADTAOKT TNV OVOCKOPIKN
Sdwdkacia. ' To Adyo owtd, o Tp@TapY KOS 6KOTOG
NG OPYOLOAOYIKNG OVACKAPNG TPETEL VO CUUTITTEL
He €KEIVOV TNG OPYALOAOYIKNG TEKUNPI®OONG, ONANdT|
TNV OVOTOPAEcTACT TOL TPOIGTOPIKOL ToPeEABOVTOG
Kot T obvdeon (cvvdvaoudsc) OA®V TV cTolyeiny
m¢g  apyotoroyikng mAnpogopiog (Hadzilakos &
Stoumboul996).

H ypfion tov ovioloyudv Kol TOV GNUOGIOAOYIK®DY
HOVTEA®V OTr GUVOEST OAMV TMV OTOLEI®V L0G
apYaoAoyIKnGg TANpopopiag mailer TOAD ONUAVTIKO
poro yiati eEac@aAilel T cLVETN OAOKANPOOT TOV
SedOUEVOV KAT® OO L0, OVIOAOYIKT punveio kot
TPOCPEPEL UL KOWN YADGGO emKOvaviog petald
TOV GPYOOAOGYOV KOl TOV EMIGTHUOVO TANPOPOPIKNG
(Bekiari etal. 2015). Av howdv 1 apyaroroyia eivar
U0 GVVAPTAGTIKY ovalTnon g yvoons yopm arnd
Tov avBpomo kot o mapeAdov Tov (Renfrew & Bahn
2001), tote 1 e&ayoyn avt) TG YvoOong Uropel va
emurevybel HECHO TOV EVVOLOMOYIKOV LOVIEA®V Kol
TOV OVIOAOYIDV.
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2. MeOodoroyio - Kataokevi] povrérov
aVOTOPACTUCNG YVAGG
TNo vo «xotootel eQikT 1 €vomoinom Kot

oAANAochVdEO NG TOMTIGIKNAG  TANpOPopiag,
amotteitol éva gviaio mhaiclo avagopds. H avaykn
ovt ®bnoe oty dnuovpyiot TOL EVVOIOAOYIKOD
povtédov avogopdc CIDOC CRM (CIDOC CRM
2017), amd 1 Awebv Emupomn Texunpioong
(CIDOC) tov Atebvoig Zvupoviiov Mvnueimv
(ICOM). To evvoloroyikd ovTO HOVTELO OTOGKOTEL,
oTNV TEKUNPI®ON, OAOKANpmOoT|, dlopesordpnon kat
avtoAloyn ETEPOYEVAOV Ty®OV dedopévav
TOMTIGUIKAOV TANPOQOPLDOV, KMOOKOTOMUEV®DY UE
dapopetikd oynuoto petadedopévov (Doerr 2003).
Eivar omotélecpo  epyacidv  TOLAQYIOTOV  LLOG
EIKOCGOETIOG TAV® GE SLAPOPA EVVOLOAOYIKA GYNIOTA
TOMTIGHIKOV Bdoenv dedopévov. And to 2006 10
EVVOL0AOYIKO awTd oyfpa avaeopds amotedel d1eBveg
apotomo  (ISO 21127). To yeyovdég avtd, oe
GLVOLOAGUO LE TNV EMTVYN EQOUPLOYN TOV TPOTVTOV
OTOV TOWEN TNG OPYOOAOYIKNG TeKUNplmons tdco
otv EALGda (Bekiari et al. 2015, Katoigvng 2012,
Tsiafaki& Skoulariki2008) 6co ka1 diebvag (Cripps
& May 2010, Doerr et al. 2016, Niccolucci et al.
2009), xatadewkvoovy 61t o CRM omotelel o
koA Bdon yio v vrootHplEn HovteEAOTOINoNG TG
PYOLOAOYIKNG TANPOQOPIaG OV HEAAOVTIKG Bl el
00 Ko epattép® (o kat d1adoon.

Boowm ¢uocopic tov CIDOC CRM amotelel M
évvoto tov yeyovotog eventmodeling mov Bacileton
otV 10éa 0Tl M 16TOpio. MG YEYOVOS avamaploTdTal
amd  avtikeipeva, avBpdmovg Kot 1d€eg  TOL
ouvavTIOOVTAL 6T0 YOPO Kol oto ypovo (Bekiari et
al. 2008). H ¢iwocoeio avtr propel vo epoppootel
€VPEMG YL TNV ONUAGLOAOYIKY] LOVIEAOTOINGT] LOG
PYOLOAOYIKNG OVACKAPS, KOOMS T GIHLOVTIKOTEPA
TUMUOTE.  OOTHG  OLVOEOVIOL  HE  YEYOVOTO
TOPOTNPNOEMY KOl  EPUNVEIDY  OTMOC  AVOADETOL
TOPOKAT® ©T0 Topadetypo HeAETNG TG AVTIKNG
Owiag Tov Akpotnpiov g ONpac.

Amotélecpa g ypnong tov CIDOC CRM rta
teAevTOio ¥poVIOL givor M dnpovpyio cvpPoatdv
EMEKTACEMY OWTOD GE OYEomn He Mo €EEOKEVEVQL
nedla ¢ TloMtiotikng KAnpovomds, otv omoieg
ovveymg egeMocovion Kot eumAovtilovral. Edwd
oTOV TOUEN TG Opyotoroyiag, £xouv onpovpyndet
dvo emektdoelg tov CIDOC CRM, 1o CRMarchaeo
kou 0 CRMba (Ronzino 2015). To mpdto
ypNoomTotEitan Yo ™mv Kodkomoino
HETOOEOOUEVOV — OYETIKGL  HE TNV OVOCKOQIKY|
Sd1Kacio Kol TIG OpYOLOAOYIKEG TTOPATNPNOELS, LE
TeEMKO oKOmO TNV TeKunpioon kot TNV epunveia
QUTOV. Boaoiletan om onuooia ™mg
OTPOUOTOYPOQIKNG  akoAovBiog, oty omoia
Bpiokovtatl OAa T YOpaKINPLOTIKE Yvopiopate evog
APYOLOAOYLKOD YMDPOV, T OTTOL0 EPEVVAOVTAL KATH TNV
dubpketa pog  apyooroyikng avackaens (Harris

1989). To Oedtepo  ypnolpomotleitar  yo TV
Tekunpioon  TANPoQopLdY oe  oyéon  HE TNV
KOTOOKELT, ypfion kot €&EMEN TOV  1GTOPIK®V
KTNPi@V S1HEGoV TOL XPOvov, KaBMS Kot T HeAET
TOV OOUIKAV TOVG OTOWEI®V, TOV TOTOAOYIKOV
oY€0EmMV Kol TNG oTpwpoToypaiog tovg. H avéykn
Yo olokANpmon TG TANpoeopiog ®Bnoe v
EMOTNUOVIKY]  Kowotnto v EeKwvnoer o
TPooTAfeln EVOTOINGNG TOV EMEKTAGEDY AVTAV, YLo
TNV TEKUNPLOON KTNPLIKOV KOTOCKEVOOTIKOV SOUOV
mov PpIicKOVIOL OE EMYDOES CTPOUATOYPOPIKNG
axoiovBiag (Ronzino2016).Ta v KoTaoKeLT| TOV
TapOVTOG HOVTEAOL yproyLomombnkay emiong ot
enektaoelg CRMgeo yio v tekunpioon g ywopo-
XPOVIKNG  TOTMOAOYlOG KOl TNG  YEOUETPIKNG
neprypopri, CRMsci  yuo v 1ekunpioon
EMOTNUOVIKAOV TOPATNPNOEDV KOl HETPNOEDV KOl
CRMinf yia tv tekunpioocTt copumepacpdToy Kot
emyepnuatov. Or  ddeopeg OUTEG  EMEKTACELS
OVOVEMVOVTOL GUVEYMG HE VEEC €KOOCES TV
HOVTEA®V, Olbéoie otV NAEKTPOVIKY GCEALdA:
http://www.cidoecrm.org/collaborations.

Ewéve 1 H oepd ypnong tov €vvolorloyikov
povtédov CIDOC CRM kot TV eneKTdced®v TOV Yo
™m Oonuovpyld  TOL  TPOTEWOUEVOL  GYNUOTOG
povtelomoinong.

Ymv Ew. 1 mapovoidleton n ogpd pe v omoio
APNOWOTOMONKOV TO. EVVOLOAOYIKG HOVTEAD TOV
CIDOC CRM «ot T@®V €MEKTAGEDV TOL Yo TNV
mpoypatonoinon g mopovoag povteromoinong. H
ddwkooio Eekvher and to yeVIKOTEPO TAGIC0, E
™ yxpnon opykd tov CIDOC CRM kot katdmiy
otadlokd, pe TNV TWpocHnkn TV  cupPoTOV
EMEKTACEDV TOV, Y10, O EEOIKELUEVN TEKUN Pl
Tnpoeopldv. o v mapovsiocn Kot doKIU g
TPOTEWVOUEVNG LOVIEAOTONOTG YpNoLoTOomOnKe TO
mapddeypa g Avtiknig Owiag Tov opyooloylkon
Adpov oL AKpOTnpiov ™G Onpag, dedopéva Kot
gupnuate TG omolag mePlypaenkay UECH TOV
AVTICTOY®V GTOLEIMV TOV TPOTEWVOUEVOL HOVTELOV,
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oG avarvetal mopokdte. H Baoun 10éa Tpokdntet
oo TO CLUVOVOAGHO TOV AVOCKOPIKOV OEd0UEVOV e
To  omlopeva  apyutekTovikd  Aglyova  wov
TPOEPYOVTOL OmO: 0) YEYOVOTO TOPOATHPNONG 7OV
GUVOEOVTOL LE TIG TANPOPOPIES OO TNV AVOCKAPIKT
Swdwaoic kot ovpfdiovv  KoBoOpPloTIKA  OTNV
avachvleon tov mapeAdoviog kor P) yeyovota
omddoong epunveiog OV TPOKVITOVV OO TOL
dtpopa VIODETIKG GULUTEPAGHOTO WHEGH ONO TN
dwdikooio HEAETNG KOl OVOADONG TOV TOPATAVE®
dedopévav kat eEaptdviat oe peydho Pabpd and to
EMOTNUOVIKO Kot  ToAToTikd  vrndfabpo TV
appOS®V OPYULOAOYOV.

3. Ilgpintmon perétng - Avtikp Owioa Onpog -
AopdTio 5

Q¢ mopddetypa HEAETNG YO THV TOPOLGIOOT| TNG
TPOTEWOLEVIG HOVIEAOTOINGONG O™ ovapEpOnice
Tapandve, ypnolporomnke n Avtikny Owio tov
TPOIGTOPIKOD OKIoHOD TOV AKkpwTnpiov g ONpag.
To mapdderypo TOV GULYKEKPLUEVOL OPYOLOAOYIKOV
kmpiov emdéytnke Kovplowg AOY® 1TNg APLOTIG
Kotdotaong oatnpnons  mAnbopoac  cwldpevev
OPYITEKTOVIKOV ~ AEWAVOV ~ TOL  UTOpPOvV  va
GLVOLOGTOVV LE TO OVAOKAPIKA dedopéva, Kabdg
Kot g vmopéng APKETOV ONUOVTIKOV
dnUoClELUEVOY  HEAETMOV o€ Oy€om  pE TNV
OPYLTEKTOVIKY] KOl KOTOGKELT) TOV OV TPOGPEPOLV
TEKUNPLOLEVO CUUTEPAGLOTA.

Ewoéve 2 Avtikn Owio, Aopdtio 5. EZwolopevo
TN O TAOKOGTPOTOL SUTEGOV GTOV Gved OPOPO. ZTO
BaBog n toroypapia tov Yapd omwg Ppidnke KoTd
v dudpkela g avackoensg (Mapwdtog 1974, miv.

38B).

I'eyovéta mopatipnong: n amokdAoyn g AvTikig
Owiog mpaypatorombnke and tov Zm. Maptvarto ta
nphTo xpoévie g ovackoeng (1967-1973) tov
0Kt oV 0L Akpotnpiov g Onpag. [Ipdkettal yio
€va KTNPLO OVTOTEAEC, YOPOUKTNPLOTIKO TOPASELYLLOL
TOV OKIOV TOV OKIGHOL Tov  Axpwtnpiov.
Bpioketor 610 k€vipo TOL SLTIKOD TUNUOTOG TOL
0oV Omov kol opeirel To dvopud tov. Kakvmret
po mepoyn oto wodyeo 147 t.p. Extog amd to
160Y€10, GOLEL TOV TPOTO OPOPO Kol THAVOTOTO KoLl
debtepo 0popo oto Awpdrtio 6. Amoteleitar amd

dek0éEL CLUVOAIKG dMUATIO, OKT®D GTO LGOYELD, EMTA
GTOV TPAOTO OPOPO KOl £VO, GTOV OEVTEPO OPOYO.
Awfétet dvo KMUOKOOTAGLOL Yol TNV EMKOW®OViL
avapeca otovg opdPovg kot e gicodo ot
votioavatolkn (NA) tov yeovio (Palyvou 2005)
[Ipoéketor  yo  OKOSOUMUE NG  TPOTYOULEVNG
mePLOG0V OV EMOKEVACTNKE UETE amd GEICUD, oTO
péoa tov 17% ar. ©.X. (Ntodpog 2016).To Awpdrio
5 mov e&etaletan, Ppioketal otn Popeodvtikn (BA)
yovio g Avtikng Owdlag, eivor tetpbymvo oty
Karoym Kot éxel dwotdoeg 4 X 4 p. Ovoudotnke
ocopfotikd and Tov Mapwato «Aopdtiov AAE®S»
AMYO TOV  TOAVTEAESTOTOV  TOWYOYPUPLOV OV
Bpébnkav otov TPDTO OpPOPO LE TMOPACTACELG
YOPAdmV OV KOGHOVOAV TI ECMTEPIKES EMPAVELES
TOV GLUTAY®V Tolywv Tov dmpatiov. Katd pnixog
ToV BOpPEOV Kot dSVTIKOV TolYoV ToL Awpatiov 5 oToV
TPOTO  O6poPo, oMol  KATG  XOPA, GEPA
oyotoAfikmdv mhak®dv tov damédov (Mapivdrtog
1974) (Ew. 2). Avtictoyo, omv eniymon Tov
tooyeiov tov idov dwpatiov Ppébnkav oapketég
neopéveg maakes (Ew. 3), ot mepiocotepeg oyxedov
KOTOKOPLQO, KOTO HNKOG TOL  OVOTOAMKOD, TOV
Bopetov kat tov dutikod Toiyov (MiyomAidov 2001).
Extéc amd 10 cmlOpevo TUNHO TOL TAAKOGTPMTOV
domédov, otov v O6popo Tov Awmpotiov 5 eivol
opatd emiong onuepa colOUEVO  OPYLTEKTOVIKG
Astyava  tov  eEotepikdv  tofy®v ot omoiot
avaoTA®OnKay  Tunuatikd, kabdg Kot TV
KOTOQADV TOV TOALTOPaOpmV.

Ewéve 3 Avtk Owio, Aopdtio 5. Zxédwo
avackoeukoy nueporoyiov N. T'kolé tov mAakmdv
OV SamESOL TOL 0pOPOL ToL PpédnKov TecUEVE]
KATO UAKOG TOL ovaToAkoV Toiyov (MiyomAidov
2001, . 29).
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Teyovota epunveiog: ZOUQOVO LE TOV OVOCKOQEN
70 A®PATIO 5 6TOV TPMTO OPOPO €ival TOAVLTEAOVG
¥pPNoms, He oktd mopdbvpa (Mapwvdtog 1974), 10
omoio (QOIVETOL VO AEITOVPYOVCE MG OTEYOGUEVN
Bepdvta (Ntovpog 2016) H oeipd oyiotolOdv
TAOKOV Tov odletor otn Popelodvtikn (BA) yovia
TOV OMOTEAEL TUNILO TOV TAUKOGTPMTOL SATESOV TOV
ompiiotav otov avoPadud tov eEntepik®dv TolYmV,
pe KOKKIVO KOViOpo OTOVG OPHODS TOV TAUKOV.
Avtictotya, ot mhdkeg mov PBpédnkav oty eniywon
TOV 100Yeiov OmMOTEAOLV TECUEVO TUNUATO  TOV
apytkoh OamEdOL TOL AV® OPOPOV TOV TPV TNV
KATAGTPOPT, NTOV OAO TAAKOGTPMOTO. LVYKEKPLUEVQL
"ot mAiKeg TOL €émecav  TOPAAANAQ TPOG TOV
avatolkd toiyo opyifovv amd 10 YDOPO UTPOCTA
omv Pope BOpa ko @ThVOLV pEXPL KOL TO
tehevtaio eppdplo. Apyilovv and Babog 0,34 p. and
mv apyikn Béomn tov damédov Kot Eemepvouv Ta
250 p. péoa oty  emiywon 71OV 16OYEiov"
(MyomAidov 2001).

4. Tapovciacn Movtéhov AvomopdoTacng
I'voong: To mapdderypa g Avtikig Owiag.

H mapovcioon tov mpotevdpevov poviéAov yiveton
HE TNV TEPLYPOPN TOV TOPATAV®D OESOUEVOV TNG
Avtikig Owiog HESm TV avTioTot(®V GTOLYEIDV TOV
(Ew. 4), oe téooeplg evotnteg: a. Apyaioloyikn
Avaockapn, B. Avackapikn Aladikacia, v. Zolopeva
(kor  un)  Apyuektovikd  Asiyava kot 9.
Emyeipnuoatoroyio. Xe tunue g €KOVOG TOV
LOVTEAOD OTOTLTIMOVOVIOL LE OLPOPETIKE YPDULOTO
ot KAdoelg Kot ot 110tnteg o€ oxéon pe to CIDOC
CRM «xot 11c O1G@popeg €MEKTACEL; GVTOD TOL
xpNooTom nKay.

4.0 ApyooAoyikn Avacokoen

H ntpdtn evotta tov povtédov (Ewc. 4) meprypdoest
to. dgdopéva mov opilovv TV TOVTOTNTO HOG
OPYOLOAOYIKNG OVOCKOPNS, oD avTh dlatnpel Tov
KEVIPWKO pOAo otV  gpyacia mediov, Kabmg
amodidel TG mo a&lOMoTEG TANPOPOPIES Yo TIG
avBpomiveg dpactnptot1eg ToL TAPeELBOVTOG. Ot
ovyypoveg  dpactnpoTeg  AouPdvovv  ydpa
0ptloVTiG 6TO YMPO, EVD 01 LETAROAEG GE AVTEG TIG
dpaoctnplotnteg ocvpPaivouv kdbeto oto mMEPACUA
tov xpovov (Renfrew& Bahn2001).

H évvow avt) povielomoteiton pe tnv ovrotnto A9
ArchaeologicalExcavation H ovtotnto avt, agopd
0TO YEVIKOTEPO TAOIGIO TOV OPUCTNPIOTHTOV TOV
dedyovtar o plOL  CLYKEKPWEVY  TEPLOYN
(apyororoyikdg ydpog) E53 Place ond éva dropo
(avaokaeéag) E39 Actor mov givar o emoTnovVIKd
vevbovog  yuo T deoyoyn TOV  EMUEPOVG
OVOCKAPIKAV SL0IKOCIOV KOl Yl TNV TEKUNPImo

mg ovvolkrg dadwkacioc. H ovtdomta avtm etvon
vrokAdon g mapatipnong A Observationkar g
dpaotnprotntog E7 Activity, n onoia povtelomorei
pio ovBpamvn dpootnprotnta mov dte&dyetal o€ va
ypovikd ddotnua E52 TimeSpan.To ovackoeikd
&yypagpa Kot ot Stdpopeg peréteg E31 Document
glval TpoiovTo EVEPYEIDV Kol OPUGTNPIOTHTOV TOV
GLUPaIVOLY KOl OITOGKOTOVV GTNV TEKUNPI®GN TNG.
O apyooroyikdc yopog ES3 Place opileton wg 1
tonobecio mov mepthapPavel PLoKE KOTAAOUTH TOV
LapTUPOVV avOpomTiv dpaoctnpoTTO.  TOL
mapehovtoc  (Burke &  Smith  2004) «o
TEKUNPLOVETOL  UETOED GAAOV  omd  ox&dw Kot
ootoypapiec E38 Image mov omotelodv TO
aVaCKOPIKO TOV apyElo.

Kdabe oapyaiohoyikr] avaokoen omoteAeiton  amd
Sapopeg avaokapkég dwdkacieg A1 Excavation
Process Unit mov texunpidvouv Tig evépyeieg
apaipeong LMKoD Kol Kataypoeng KAtw oamd
GUYKEKPUWEVOVG KOVOVEG Kot € TPOKOHOPIoUEVO
x®po. Avdroyo pe T pebodoroyio Kot TOVG KAVOVEG
KGBe oavookapng, M EVOTNTA TNG  OVOCKOMIKNG
Swdkaciag pmopel va TEPLYPAPEL TNV OVOCKOPTN
evOg dOUOATIOV, HOG OPYITEKTOVIKNG KOTOGKEVLNG,
€vOg Tolyov kol GAA®v povadwv. H avackoeikn
Swdwaoia Aappdvel yopo oe €va OPYOLOAOYIKO
ktiplo BI Built Work to omoio givan vrokAdon g
ovtotnrog E92 Spacetime vrodnidvovrag £tot v
XOPO-YpovIKn Vrapén tov Kmpiov, omd TN OTYUN
™mg  KOTOOKELNG  TOL  péypt  onuepa. H
SypovikdTTO. OVTN TOL APYOLOAOYIKOD KTNPiov
opifetor ®¢ ot Oldpopeg  dpactnpldTnTeg Kol
dwdikacieg mov cvpfaivovy SopEGOV TOV YPOVOL
Kol o€ éva cuykekpyévo yopo (Gamble2001). O
£VVOLEG TOV YDPOL Kol TOV YPOVOL OTOTELOVV TO TTLO
ONUAVTIKA otoyyeio Yo mv emitevén
GNULOGIOAOYIKNG SLOAELTOVPYIKOTNTOG.

4. Avackoagikn Awdikacio

¥t Odevtepn evotnra. tov povtéhov (Ew. 4)
TEKUNPLOVOVTOL TAL SLAPOPA YEYOVOTO TOPUTIPNOTNG
OV GLVOEOVTOL [LE TNV OVOCKAPIKY dadikacio.

Ieyovota  amokdloyng  avrwkewpévov  (S19
Encounter Evenj: «dfe evotnta  ovaoKoQIKNG
dwdwaciag Al  Excavation Process Unit
nepthapfaver P9 consists of didpopa  yeyovota
amokdAvyng avtikelpévov SI9 Encounter Event
(Doerr et al 2016). Ta yeyovota owtd  gival
OTOTELECLOL TOPATIPNONG M OTOl TOPAYEL YVAON o€
oY€on HE TO OVTIKEILEVO TPOC TEKUNPI®OT KOl
€101KdTEPO, TOV YOPO oL 0wTd Ppébnke. To Kkbe
YEYOVOG OOKOAVYNG OVTIKEWUEVOV TEKUNPLDVETOL
AP17foundond v xatdotacn amokaAvyng tov A7
Embedding kofdg ko 10 &yypago M v 7Ny
tekunpioong  tov  E73  Information Object
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Ewova 4 OhoxkAnpopévo Tapddetyplo Tov LoVIELOL avorapdoTacns yvoons: H mepintmon pedétng e Avtikng
Owclog.
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Kataotaon oviiksypévov (47 Embedding) ta
OPYITEKTOVIKA AElYavVO TOV OPYULOAOYIKAOV KINPimV
dev pmopodv va gpunvevBoldv pepovopéva av dev
ANeBovV vIoYN To dedopéva Tov TEPIPAALOVTOG GTO
omoio Ppédnkav. T'w to Adyo owtd, pia omd T1g
Bacikég mAnpopopieg mov mpémel v mepLAapPhver
éva. apyelo oe oxfon pe T UHEAET] TOV
OPYOOAOYIKGOV KTNplov eivar agevdg, m 0éon Tov
OVTIKEILEVDV 010 GTPOUATOYPAPIKO TOVG
mepPdAdov Kot apeTéPov, N BEom TOVG OE GYéom e
GAAa tpunpoto Tov ktmpiov (Spence 1994) To
OTPOUATOYPOPIKO TEPIBAMAOV  TOV  OVTIKEWLEV®OVY
TPOG TEKUNPIMON KoL 1 GYETIKN Tovg Béom péca o€
aUTO, G GLVOVAGHO pE TNV oo LT BEoM TOVG Kot
7O ¥POVO Je&ayyNg TG TOPOTHPNONG, HTOPOLY VO
cuppdrovv oty eEay®yn CUUTEPOCUATOV Y0 TNV
otopia Tovg. H dvvatdmta avth divetan pécwm g
povtelonoinong g kotdotoong 47 Embeddingrov
OVTIKEWEVOV  OUTAOV, G€ OYEon LE TO YeYovldg
amokdiloyng tovg S/9 Encouner Event H
Katdotaon oty éyel cvykekpévo tomo ES5 Type
Kot oLVOEeTal HE TPES POoikéG €vvoleg: o) NV
tonoOeoia £53 Place omov povielomoleiton 1
oxetikn kot amdivtn 0éon tov avikeywévov (A7
Embedding AP20 is embeddingat E53 Place) ) t
GTPONOTOYPUPIKY evotnTe A8 Stratigraphic Unit
OOV LOVTEAOTOLEITOL 1) OUAdN OTPOUATOV 1 TO
otpopa  o6mov  Ppébnke 10  avikeipevo (A7
Embedding AP19 is embeddingn: A8 Stratigraphic
Unit) kot v) o 00 to evrikeipeve E/8 Physical
Thing,E19 PhysicalObject(A7 EmbeddingAP18is
embeddingof: E18 Physical Thing  E19 Physical
Objec). H tovtotnra TtV OvTIKEWEVOV  OUTOV
opiletatl and ta S18.Ppopa YAUPOKTNPIOTIKA TOVG OTMG
yio mopdderypo tov tOmo tovg ESS5 Type v
OVAGKOQPIKT TOVG GMTOYPOPIo 1] TO OVACKOPIKO TOVG
oyxéoo E38 Image v katdotoon dtotnpnong tovg
E3 Condition Statexa to TA100¢ tovg E60 Number

Texkpnpioon torobsoiog (E53 Place: wo ond 1ig
Baowkég pnebddovg tekunpimong g Béong evpeong
TOV OVTIKEWEVOV €lval M KOTAYpa®n TOV TPLOV
dwotdoedv Tovug o oyéomn pe €va otabepd onueio,
OT®MG Yo ToPAdeLypo To eminedo g BdAaccac. Me
Tov Tpoémo avtd opiletar 1 Béom Tov aAvTIKEPEVOD
oto yopo (Harris 1989). Extog amd ) oyetikn 0éon
TOV OVIIKEIWEVOV VTAPYXEL Kol M omdAlvtn 0éon
QUTMOV UE TNV TEPLYPAPT] TOV YEOYPUPIKDOV TOVLG
ovvtetayuéveov. Me v Ponbsie tov CRMgeo
oyetikn Béon SP3 Referencé&pacerov aviikepévov
TEKUNPLOVETOL  OVOQOPIKA pe  ta  colopeva
apyTeKToviKG ototyeio. B2 Morphological Building
Section kabh¢ kol pe 10 avoaokaPkd tovg Babdog
SP4 SpatialCoordinate ReferenceSystem Mg tov
TPOTO  OVTO TPOYUATOMOLEITAL 1) OLVOESN TV
ovaoKopikov — ogdopévaov  pe  to owldueva
apyrtektovikd  Aetyava. H amdivtn 0Oéon TtV
OVTIKEWWEVOV TEKUNPLOVETOL PE TNV TEPLYPOUPN TOV
YE@YPOQIKOV cvvieToypuéveov tovg E94  Space
Primitive.

Tekpunpioon oTpORATOYPUPIKIS oKolovOiac: 1
otpopatoypapio opiletar ®g M pEAETN] Kol 1)
enoANBevon TOL CYNUOTICLOD TOV CTPOUATOV - 1M
availvorn oIV KABETN, YPOVIKN SLACTACT LLOG GEPAG
oTpopdtov, otnv optlovIia YPOoVIKN JoTAcT TOV
xopov (mapdro mov omnv TPAEn ocvvhbog Alya
otpopata givar emokpifag opilovtia) (Renfrew &
Bahn 2001). Tpotapyikds 61OX0¢ TG HEAETNG TNG
APYOLOAOYIKNG GTPMUOTOYPUQING TPETEL VO EIval 1
tekunpioon g OeTtikng  akolovbiog TV
oTpOUATOYpPaPIK®V evotntev A8 StratigraphicUnit,
TOV GTPOUATOV KOl TOV (OPOKTNPLOTIKOV TOVG. Mg
oV TPOTO QVTO, TEKUNPLOVETAL TAPGAINAL 1] Y®PO-
APOVIKT] TOMODEMON TV AVIIKEWEVOV GE Lo
aKoAovBic GYETIKNG YPOVOAOYNONG GE GYECT LLE TO
OTPOUN 1] TN OCTIPOUATOYPOPIKT] €vOTNTA OTOL
Bpébnkav. H otpopatoypaeiky] akorovbio emelnyet
TOV TPOTO GYNUOATICUOD TOV OPYALOAOYIKOV YDPOV
(Harris 1989). Mg ) ypnon tov CRMarchaep
tekunpioon g axoAovbiog avapeco oe  dvo
oTPOUOTOYPUPIKEG gvotnteg A8 Stratigraphic Unit
omov Ppébnkov To avTIKEIPEVA TN OTWYUN NG
OTOKAALYNG  TOVG, TPOYUOTOTMOlEITAL  pHE 1N
povtelomoinon TG QUOIKNG  TOVG  GYEOMG
(vrodnrwon ydpov) APII has physical relation.
Avtictorya TEKUNPLOVETAL KOl 1| GTPOUATOYPOPIKT
oyéon (vmodnimon ypdvov) AP 13 has stratigraphic
relation peta&d tov yeyovotov g dnpiovpyiag tov
OTPOUATOYPOPIK®V  gvotitwv A4 Stratigraphic
GenesisAP7 produced: A$tratigraphicUnit. Xtmv
mepintoon g neAétng Tov Aopatiov 5 g Onpag,
0 TOMOG TNG QULOWKNG OYEoNG OVAUESH OTNV
OTPOUATOYPAPIKT] EVOTNTO TOV OPOPOV Kol €KEIV
Tov 1ooyeiov eivor API1.1 has type on top of.
AvTioTOo 0, 0 TUTOG TNG CTPMUATOYPAPIKNG GYEONS
povtehomoteiton wg AP13.1 has type: after. O tomog
TOV CTPOUATOYPUPIKMV CYECEMV dKALOAOYEITOL OO
ToV TOTO TV Quokev oyéocwv (AP13.1 has type:
after. AP14 justified by: AP11.1hastype ontop of).
O1 tonotl twv oyéocwv has typerpoximtovv amd tnv
LOVTEAOTIOINGT TOV YEYOVOTOG OMpovpyiog g
otpopatoypopiag 44 StratigraphicGenesis

4.y Zwlopeva apyrtektovikd Aelyova Kot cuvdeon
LE OVOOoKAPIKA dESOLEVHL

Yy tpitn evomra Tov  poviédov (Ew. 4)
TeKUNpLdvovTol To dedopéva mov oyetilovton pe to
apYLITEKTOVIKA Aglyava Tov KTnpiov ™G ALTIKNG
Owiog ko amotehobv  emiong  avikeipevo
TOPOTAPNOTG. XT1 GUVEXELD, YIVETOL GUVOEST] OLTOV
HE TO OVOOKAMIKG 0e00UEVO HEC® TOL YEYOVOTOG
amod00NG EPUNVEING OVAPOPIKE HE TNV  OPYIKN
KOTOOKELY] TOL  Ktnpiov, OmAadn Tov TpOMO
KATOoKELNG Tov Ampatiov 5 6tov Gve 6pogo Kot
TEAOG TTpOTEIVOVTOL SO VEES 1O1OTITEG.

Tpqpate xrnpiov: (B2 Morphological Building
Section: «dbe apyoaoroykd krtipo Bl Built Work
Om®wG avtd mepyphonke oty evotnta 4.0,
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amotereital amd Sidpopa Aettovpykd tunpoto B2
Morphological Building Section Ta tuquata avtd,
avéloyo pe TG avaykeg kdbe tekunpioong, £xovv
S1aQopa. YOPUKTNPLOTIKA OV 0pilovv TV TavTdTNTA
ToVG, OGS Yo TOPAdEyHo ol daoTdoelg Tovg ES4
Dimensionkat 1 ypion toug E55 Type

YXmlopevo rsiyava tTuqpatov kmpiov (B3 Filled
Morphological Building Section B4 Empty
Morphological Building Section. Ztic avackoapig
OPYOOAOYIKGOV  KTnpimv  1Wdwitepo  evolapépov
TOPoOLGLAlOVY  TOL  OPYLTEKTOVIKO TUAUOTO  7TOL
Bpébnkav otn Béom Tovg oE GYfom e TNV OPYIKN
Kotookevy,  OnAadn  in Situ. Xto  oyfua
povtelomoteitol 1 katdotaon dutipnong tovg E3
Condition Statexat 11 oyéon T0VG He TO TUNUO TOV
ktnpiov o©t10 omoio avnkovv, douwkd BP2 is
constitutedby ko toroloywcd BPS8is adjacentto.

Ieyovég xotdppsvong (SI8 Alteration): yu v
avomapAoTacT TG OPYIKNG LOPPNS TOV dopOpmV
TUNUATOV TOV KTNpiov pe okomd v avacvvOeon
oV TaPeEABOVTOG, TV OmOd00N epUNVelng oTa VIO
tekunpioon  avTikeipeva kot T oOvOECH TV
aVooKaQIKOV dedopévav pe to cwaldpeva Aelyava,
LOVTELOTIOLEITOL TO YEYOVOG TNG KOTAPPELONG TOV
Awpatiov 5. H povtedomoinomn tov yeyovotog ovtov
SI8 Alteration OI8 altered B2 Morphological
Building Sectioncvuvdéer ypovikd 1o mopdv pe to
mapeABov, OMAadn Ta aPXITEKTOVIKG Agiyavo mTov
glvol opatd oNuepO HE TUNUO OVTOV TPV TNV
kotaotpogry B3 Filled Morphological Building
Section to onoio dev cmleton onuepo E3 Condition
State

Ieyovog amodoong spunveiag. 1 ovvdeon ToOV
OVOoKAPIKOV ded0pUEVOV pE Ta omldpueva (Kot pun)
OPYITEKTOVIKA Aelyova yivetor emiong HECH TOL
YEYOVOTOG amddoong  epunveiog.  ZUyKeKpluéva,
ypnoipomoteitan n kAdon A6 Group Declaration
Eventnov meprypdper tig evépyeleg mov €yovv cav
OMOTEAEGHLO. TNV OVOYVOPLOT] Kol TNV  omddoon
gpunveiog API8 assigned attribute to oe 800 1
neplocdtEPO,  Quolkd  avtikeipevo EI8  Physical
Thing/E/9  Physical Object o6nog  avtd
ATOKOADEOMKOV KATO TNV OvOoKOEY, ®G HEPT TOL
apYIKOV PN cOCOUEVOD OPYLTEKTOVIKOD TUNHatog B3
Filled Morphological Building Section 6rw¢ avtd
LOVTELOTOMONKE HEC® TOV YEYOVOTOG KOTAPPEVGNG.
Xy mepintoon g Avtikng Owiog M amddoon
epunveiog aPopd oTIg TEGUEVEG TAGKES TG EMIYMOONG
oV 160Yelov Tov Ampatiov 5 kot 610 cwldpevo
TUAHO. TOV S0TTEGOL TOL GV® OPOPOV, G TUNHOTO
TOV OPYIKOL SOTESOV GTOV (VM OPOPO.

I[Ipotewvépeveg 10160TNTEG: X0  onueio  owtd
TPOTEIVOVTOL EVOEIKTIKA OV0 VEEG 1O10TNTEG GTO
HOVTEAO TOV OTOTEAOVV TUNUOTO €VOG E€VPOTEPOL
LLOVOTOTION GYE0EMV KOl KAAGEMV TOL TPEMEL VAl

diepgvvnBei. Ovopdlovtar in situ constituent of kat
ex situ fragment of. Ov Wwomreg avtég eivan
amopoitnteg yioo v e£oy®yn GLUTEPOUCUATOV OF
OYE0N HE TNV 10TOPI0 TOV OVTIKEWWEVOV OLOHEGOV
OV XPOVOL KOl TOL YMPOL. AmoTteAoVV TPoidvTa
TOPOTPNONG TS KATAGTAONG TOV OVIIKEIUEVMV Y10
70 v Ppédnkov ot apykn Tovg BEcn ™ oTIYUN ™G
QTOKAIAVYNG TOVG GE GYEOT LE TNV apyIKT @AcT TOV
ktnpiov (productionevenj kot yio €va GUYKEKPUEVO
YPOVIKO S1AGTNLLOL.

4.6 Emyepnpatoroyio

Yy terevtaio evomra (Ew. 4) povielomoteitan pe
™ Ponbein tov CRMinf n  emyepnuatoroyio
oYeTIKG  pe  Tov  TPOMO  KOTOOKELNG  TOV
P OLOAOYIKOD KT Piov.

lNo ™ Onuovpyie  yevikdtepo  VTOOETIKOV

GUUTEPUCUAT®OV dloKpivovTol TPelS Pacikég mnyég

yvaong: o)  mapatipnon Observationue v évvola

mg QULOIKNG EMOTNUNG g avOpdmivn

dpactnpota, P) ot Sdpopes  IMIOGIEVUEVES

andyelg Belief Adoption xot y) éva  GAko

ovunépacpa InferenceMaking. Ot Topandved anyéc
yvoong  eivor  TOMOL TG EMLXEPTLATOAOYIOG

Argumentation, n onoia yeVIKOTEPH EPUNVEVETOL (G
N dwdkacio wov empPefordvel, dnpiovpyel N aArdle

éva vmoletikd ocvpnépaoua. o v amodoyn M un

evog emyElpNUoTOC amorteiton évo devTEPO  EmML-

yelpnuo mov pmopel va agloloynoet v opBotnto

TOV TPATOL KOl EVOEYOUEVAOG VO TPOGHESEL VEeg

MYEG YVAOONG. AVTO TPOYLUATOTOEITAL LLE TNV TUTIKA

dopmuévn avoroapdotacn (Lovieromoinon) OA@v TV

EMYEPNUATOV Kot TNV aELOAOYNON TNG EYKLPOTNTOGC

TOV TEPLEYOUEVOD TOVG GE ONOONTOTE YPOVIKN

otiyun (Doerretal. 2011).

¥to mapadewypo (Ew. 4) mapovcudleton 1
LOVTEAOTTOINGT| TG EMYEPNUOTOAOYIOG GYETIKG UE
0 ddmedo TOv Aved 0podPOV TOVv Ampoatiov 5 g
Avtikic  Owiag 15 Inference Making. H
ocounepacpatiky dmoyn 12 Belief tg Muyamidov
E39 Actor ot "apyixd 640 to damedo tov dwuatiov
oTOV TPWTO 0PoPo Hrow whaxootpwto” (Miyamiidov
2001) mpoxkvmrer omd Tig amndyeg [2 Belief tov
AVOOKOQEDV  OTMG TEPLYPAPNKAY GTNV  TOPOVCH
LOVTEAOTOINGT KOl GUYKEKPIUEVA OTL 0) TECUEVEG
TAGKeG TOV domEdov TOv opdPov Ppébnkav otV
enmiywon tov wwoyeiov kot B) dwatnpeitar ot 0éom
TOL TUAUO TOL OamESOL TOVL TPATOL 0podEov. Ot
OmOYELS OLTEG TOV  OVOCKAPEDY  TPOEPYOVTOL
angvbeiog and ObservationEvents(S19 Encounter
Event J2 concluded that 12 Belief) «xa
a&oloyovvton /6 BeliefValuepe Baon v opbotnta
TOV TEPLEYOUEVOL TOVG, ONAadN T dedopéva omd Ta
onoia tpoépyovtor |14 PropositionSet Mg tov tpodmo
aUTO  EMTUYYAVETOL 1 TopakoAoLONom NG
TPOELELGNG TG EMLYEPTLOTOAOYIOG.

XPHXTAKH ET AL.33



2nd CAA GR Conference

Athens, Greece 2016

Mo ™ devkdrvvon g emyyepnuaToroyicg Kot TNV
KpTikn (0EOAGYNON) TOV TOPATAVED ETLYEPTILOTOG,
povtelomoteitan va de0TEPO EMYEpPNUAL OYETIKA LE
™V Gmoy™n Yo ToV TPOTO KATOOKEVNG TOV S0mES0V
17 Belief Adoption, ar6 dapopetikode peretntég (tn
OUVTOKTIKY] Oopddo g mapovooc peAéng) E74
Group mov KoTaAfyel o€ pio. GAAN droyn 12 Belief
pe 1o idwo mepieyopevo. H  afohdynon 1oL
mepleyopévoy g amoyng avtg Poaciletoar og éva
mnpopoplakd  avtikeipevo  (tekunpw)  E73
InformationObject

H onuoocioroykn povtelomoinon g ohvoeong tov
dedopévav mpoéhevong 14 Proposition Set pe 1ig
dbpopeg andyeic 12 Belief g emyepnpatoroyioag,
pmopel va yiver vtd v popoen evog NamedGraph
(Carrolletal.). H doun avth avomrapdotaong yvoong
divet ™  Odvuvatdémro  Yopic  TEPLOPICUOVG,
opadomoinong TV  MOPOTAVE®  O£dOUEVEOV  TTOV
amoktovv mAfov pa Egyoprotn tavtotnta (URI) ko
Aertovpyodv ¢ Eexmplotn oviomnTo pe OAEC TIg
WO0TNTES, TOL YOPOUKTNPIOTIKE KOl TG CYEGELS TOL
pmopel avt) va €xgl. LTO TPOTEWVOUEVO TTOPAdELY LA
povteroroinong (Ew. 4) answoviovtan tpia Named
Graphs oe Eeyopotd mhaiclo, oe oyéon UE TIC
téooepig amoyelg 12 Belief tng emysipnuatoloyiog
Y0, TOV TPOTO KOTOOKELNG TOL OOTESOV TOL (VM
0poeov 1oV Aopatiov 5 g Avtikig Owiog.

Xopnepdoparta - [Ipotdssic viomoinong

H epoappoynq otv moapovco perétn tov debvoig
npotonov CIDOC CRM «xot TV €meKTACEDY TOV
TNV KateLhLVOT TG TEKUNPIOONG TG OVOCKAPIKNG
dwdikooiag pe OpYITEKTOVIKA Agiyavo €ixe og
amotéAecpo, TN Onuovpyic  €vOG  HOVTEAOL
ovaTopdoTaong YVOOoNS Ord TO Omoio UTOpPOvV v
TPOKVYOLV GUUTEPACLLATO GYETIKA LE: o) TO €idog
KoL TIG OYECEIS TOV OPYOLOAOYIKMV JEOUEVOV TOV
mpémel va poviehomomBodv kot f) ™ onpocio g
o HVOEONC TV OEdOUEVOV TOV OPYITEKTOVIK®DV
AEWAvoOV UE TO OvOoKOQIKO TePPAAlov 6To omoio
Bpétnkav.

Y& OMNUOCOA0YIKO emimedo, Uéca amd QLT TN
dwdwacio dwmotddnke 611 M Ypnon tov CIDOC
CRM kat tov oopPatdv enektdoedv Tov entTtpénet
pioe 0pO1 Kot AELITOVPYIKT OVOTOPAGTOCN TG YVAONG
OYETIKA pe TO avookapikd dedopéva. O Tpdmog
GUVOLOGCHOD TV JAPOP®V EMEKTACEMV Eival Lo
dwdwaoia  dOokoAn  aAAd M eEedkevpévn
TEKUNPIMOT TANPOPOPLOYV OV OLTEG TPOGPEPOVY
€XEL OCNUAVTIKO OQEAT.

H ocvvéyeln avtig g £pevvag amontel v epappoyn
TOV  TPOTEWOUEVOL HOVIEAOL Kot og  GAAEG
MEPTTOCELS  OVACKAPADV  OPYALOAOYIKAV  KTnpiov
€101 OOTE Vo £EETAGTOVV TOOVEG EMEKTAGELG TOV Yo
TN GOOTH AVOTUPAGTACT) TOV JAPOPOV PAGEDY TOV
KTNpiov 610 YpOVO KOl TOV YDpo, KaOMG Kot T

XPOVIKN SLEPKELD TV TOTOAOYIKDOV GYECEMV HETAED
TOV EMUEPOVG TUNUATOV TOV, OTMOG Yo TUPASELYLLOL
™V VooTPIEN TG EIKOVIKNG aVOTapdoTIGNG TOV.
H mopodoo perét umopel va copPdiet tovtdypova
Kot otV mepaltép®  €EEMEN TV EMEKTACE®MV
CRMarchaeaar CRMbactovg mapandve topeic.

Téhog, m devkdAvvon kot Topakorovbnon g
dounong g enyepnuatoroyiog (opadomroinon tmv
EMYEPNUATOV, TOpoKoloVONon mpoéhevong ™G
TANPOPOPIG KoL KPLTIKT) TOV TEPLEYOUEVOD TOVC) MG
TPOG TNV epunveion tov TOPEAOOVTOG OM®SC avTN
TOAPOVCLAGTNKE OTO TPOTEWVOUEVO HOVTEAO WE TN
ypron  tov  CRMinf, pupmopei va  epappootei
HEAAOVTIKG o€ évo NAEKTPOVIKO amoBeTplo oL va
Boaciletor ot dvvordétnTo. TOv  VEEHOVVOL
apPYAoAOYOV VO 0pYOvVAVEL, Vo dtoyelpileTol Kot va
amobnKeveLl TALTOYPOVO KOl HE OAOKANPOUEVO
TPOTO, OAEG TIG MANPOYOPIEG LG TOAOTAOKNG KOl
TOAOTAELPNG  OVOOKOQIKNG  oladikociog — €vOg
apYOoA0YIKOD KTNpiov, amd To apyKd GTAS0 oG
EMPAVEINKNG EPELVOC UEYPL TN ONHUOGigLoN TOV
TEAIKDV OTOTEAEGLATOV.
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MNOXOTIKEX MEO®OAOI XTH AIEPEYNHXH TQN EINIAPAXEQN TQN
IHEPIBAAAONTIKQN ITAPAT'ONTQN XTA OPT'ANIKA YAIKA TEKMHPIA
OYXIKHYE KAI ITIOAITIXTIKHYE KAHPONOMIAX - H HEPIIITQXH TOY OXTOY

E. TIATIATEQPTIOY?, A. KAPAHE?, T. MITOTOXIAN®, E. KAPANTOQNH?, A. XPISTOIIOY AOY?,
E. ®QTOY® K. BOXOY’, I'. IANATIAPHZ*

I Tunpa Tatpwedv Epyootpiov, Zyohj Exayyelpdtov Yyeioc & Ipovotag, Texvoroyud Exnatdevtucod T8pupa
Abfvag (TEI-A)
efipapagteiath.gr
2 TuApa Zratiotikng, Owovopkd Iavemomuo Adnvav
3 Tuqpo Xnuikdv Mnyovikav, Havemomuo [atpomv
4 Tunua Zvvmpnong Apyaotitev & ‘Epyav Téxvng, Zxol I'pagpikav Teyvav, Texvoroykd Exmardevtikd
Topopa ABfvag (TEI-A)
® $yodf Mnyavordymv Mmnyovikadv, EGvico Metoopro Iolvteyveio
e Topéag Opyaviknc Xnueiag & Broynuetog, Tuqpa Xnueiag, IHovemomuo Ioavvivav
" Tpfpa Hektpovikdv Miyavicdv, Texvooyikd Exmodevticd T8popa (TED) Mepond

Hepiinqyn/Abstract

v Topovoa Epyacio, TopovcldleTol 1 £pEVVa TG EMOPACTS APOP®V TAPUYOVIWV YNPAVONG OTIG PUGIKEG
Kot YMUIKEG WO10TNTEG OCTEWVOV OVTIKEWEVOV TOMTIOTIKNG KAnpovopde. [paypatomombnkov petpnioelg oe
TEYVNTOG YNpacpéve deiypoto and cdyypova ootd Capkadiov (roe deer- Capreoluscapreolud. E&etdotnkoy
Topayovteg yNnpavong pe 2 enineda o kKabévag: vypacio, ypovog EkBeong, ENIOPUCT] TOV VITPIKOV kot Beukdv
wvtov (NOX kat SOX) kabBdg kot 1 oepd pe v omoia ot dVo mapamdve pvroviég enédpacay. To meipopa
Baciotnke ot éva 2* fractionalfactorialdesign Epappooviag ANOVA cuopmepdvapie 6Tt To. €1 Tov pumavidv
ov ypnooromdnKoy PBpédnkav vo elval oTATIOTIKA ONUOVTIKE ocvoyeTilopeva pHe TIS HETAPANTEG TOL
YPOUOTOG, VD M oelpd He TNV omoia epapuootnke m €kbeon oe avtovg Ppédnke oTATIOTIKG OMUAVTIKG
oVGoYETILOUEVN LE TIC WO10TNTEG YPDUATOG, TN OKANPOTNTO Kot TIG punyovikég 1010ttec. H vypaocia mapovcioce
OTOTIOTIKG ONUOVTIKY) CUGYETION HE UETAPANTEG TOV APOPOVSOV GTN CKANPOTNTA, TIG UNYAVIKEG 1O10TNTES, TN
MUK otabepotnto kot T popeoroyia. Télog, m Oudpkeln NTOV OTOTICTIKG OMUOVTIKA Yol TN YNUKN
oT0fepOTNTA KoL TN LOPPOAOYiaL.

This paper presents the researatvarious aging factors’ effectnathe physical and chemical properties of bone
artefacts of cultural heritagdleasurementsn artificially aged samples of fresh roe deer bones (Capreolus)
have been carried out. Aging factors have been examined in two levels: moisture, exposure time, influence of
NOx and SOx and the order in which the two above contaminants reacted. The experiment was baded on a 2
fractional factorial design. By applying ANOVA it was concluded that all the kinds of contaminants used in this
experiment were statistically significant correlated with the colour variables while the order of exposure was
found to be statistically significant correlated with the colour, the hardness and the mechanical properties.
Humidity was statistically significant correlated with variables related to hardness, mechanical properties,
chemical stability and miphology. Finally the time of exposure was statistically significant for the chemical
stability and the morphology.

Aééerc Kheroia: Ooto, Mapayovteg IMpavong, Texvnm IMpavon, ANOVA, FractionalFactorialDesign

1. Ewcayoy

Ta wAéov gvaicOnta VA peta&d 6cwv amaptilovv
TNV TOAMTIOTIKT KANPOVOLLE EIVOL TO OPYAVIKA DAIKA,
1660 ta {OKNG TPoéAevong, ONAAdT To TPOTEIVIKA
VAMKE (). 0otd, képato, eAepaviodovto, OEpua,
mepyouUn vy,  HOAAMvo  Voacpo,  peTaSt K.4.)
(Karpovicz 1989), 660 xat ta QUTIKNG TPOELELOT|C,
OMAadn TO KUTTAPWIKG 1| AlYVOKVTTOPIWVIKA VAIKE
(m.y. &oro, yopti, yabi, BapPaxepd | Avd Heooua
k.6.) (Rivers & Umney 2005, Erhardt &
Mecklenburg 1995). Meyolvtepo e mpoPAnua

avtipetonilovy 1o opyovikd LVAIKE Tov dev £xouvv
vrootel eneepyacia, dev Exel OnAadn epapprooctel o
VT KAamow HEB0S0C GLVTHPNONG MOV VO EVIGYVEL
v avlekTIKOTNTA KOt TV ovToyn Toug. Ta vAkd,
avtd erhoevodviar kKuping oe apyeia-PiPriodnkec,
AOOYPOOIKEG  GLAAOYEG, EMCTNUOVIKA  [LOVLOELD,
povcei.  QUOIKNG  10TOpilag,  1OTOPIKA Kot
apYAOAOYIKE LLOVOETLD.

H oatpocooipikn pomaven, ot oKOTAAANAES TUUEG

aAAG kol ot METAPOAEG  TNG  OTHOCPALPIKNG
Beppokpaciog kot vypaciog, 1O @®C, Ol HIKpPO-
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0pYOVIGHOL KA. GTOUG  HLOVGELNKOVG  YDPOLG
UmopodV v 0dNYNoouvV aKOHO KOl GE  poydoic
arodounon avtdv Tev vAkev (EnviArt, Georgeet
al. 2005,Hedges2002 Davidson1996,Rigantietal.
1995, Harris 1984, Upham & Salvin 1975). Ta to
AOY0  owtd OTOVG  KOATOUG TNG  HOVGELOKTG
kowotntag Oswpeiton  peilovog  onuaciog o
TPOGOOPIGUOS Kot 1 SWGPAAMOT TOV  KOTOA-
ANAOTep®V  TTEPPOALOVTIKDV CUVONK®VY, Yo TNV
TPOAMTTIKY] GUVTHPTON TOV OVOTEP® VAIKOV (o€
ouvOnkeg amobnkevong, £kBeong N Kol UETAPOPAS
teyvovpynuaztwv) (Dahlin 2010, Gyselset al. 2004,

Camuffo 1998, Weintraub & Wolf 1995,
Brimblecombel 990).
Y10 mloicto oavtd 1o Tpgpa  Xvvripnong

Apyarottov & ‘Epyov Téyvng tov TEI Abfvog oe
ovvepyacio pe dAlo AEl tng EAAGSag kot Tov
Efotepikod  mpaypotomoince  T0  gpeuVNTIKG
npdypappo @AAHE, 2012-2015, «Aegpgvvnon tav
Endpdoewv tov [epiforroviikdv Mapaydoviov cta
Opyavikd  Yikd  Texpunpuo  dvowng kot
TMoMrtioTikng KAnpovopudgy.

YKomog ToL WPoYpaupoTog NTav vo pedetndel e
£€VOV EMOTNUOVIKA TANPN KOl OTOJEKTO TPOTO 1)
eMidpacn SEOp®V  TOPUYOVIOV GTN  YNPOvVeoT
TOMTIGTIKOV — TEKUNPIOV  OPYOVIKAG  GOOTOGCTG.
SUYKEKPUEVO, YpNCIHOoTOmONKOY 5 S10pOopETIKA LN
enekepyoopévo opyavikd vAkd: ootd, EOAO, yapTi,
VQOOUO, TEPYOUNVH. ZTNV  TOPOVGO  £PYOCia,
mapovalaletar n €pgvuvo TG enidpacng dapdpv
TOPAYOVI®OV YAPAVONG OTIS QPUOIKEG KOl YNUIKEG
W0OTNTEG  OCTEWMV  OVTIKEWWEVOV  TOALTIOTIKNG
KANpOVOLLAG.

‘Eva. a6 to peydAa TAEOVEKTNUOTA TOV TOPOVTOG
£€pyov glval 1 xpNo”N TEPOUATIKOV CYESUCUDY Y10,
™ HEAETN OOKWI®V OYETIKA pe T oLvInpnon
opyooTTOV Ko Epyov  téyxvng. H o avdykn
dnuovpylog mePapatikod cyedlocoHod 6T0 €V AOY®
nedilo, aAAd kol ev yéver m opbn alomoinon g
GTOTIOTIKNG OTIV OPYAOA0Yiol KOL GTN] CLVINPNOT
elvar  ovtikeipevo emoTnUOVIKNG ov{nmong Yo
neplocdtepo and 20 ypovia (Box 1980, Chamberset
al. 1992).

To ovykexpyévo meipopa Paciotnke mhveo oe €va
OTOTIOTIKO  TEWPOPOTIKO  oxedloopd  ®OoTE  va
glaytotomombel o apBpdg TV dokipmv (ko dpa va
wavorombobv TEPOPIoHOl KOGTOVG Kot YpOVOL)
xoplg 6umg va amohecBel 1 duvaTdHTNTA TANPOVG
GTOTIOTIKNG oviAvong. O mANPNG OYESGHOG KaL M)
extédleon  evoc  TéToloL  mepduatog  sivol
TPOTOTOPLOKOC GTO TEJI0 TG GLVTHPNONG TNG
TOMTIGTIKNG KATPOVOLLLAGC.

2. Y kd ko péfoodor

H ynpavon tov opyavikdv vAK®v peiemdnke toco
TEYVNTO e KOTOAMNAOQ oxedlocpévo meipopo o€
oyéon pe mpokabopiopévovg mopdyovteg Omov Ta
VAKG tomoBetOnkav o mepopatikd 0dAapno, 6o
Kol QUGIKG TOTo0ET®VTAG TO, VAKA Yior 600 ¥poOvia 6€
povaceia, péoo kot £ and TpobnKes.

Ymv  mopovco  gpyocio  mapovoidloviat T
OmOTEAESUOTO  TNG  TEQVNTAG  YNPOVONG OtV
mepintowon tov  ootov. To  deiypato  mwov
xpnowomomOnkav (Ew. 1), ftav petatapoikd ootd
Copkadion (roedeer— Capreoluscapreolus.

Ewéva 1 Aslypoto 00TOo0 - HETOTOPOIKA 0GTA
Copkadion (roedeer— Capreoluscapreolus.

Avo ftav ot Pacikég dvuokolieg mov Empeme va
VIEPKEPAGTOVV. AQEVOC T S0POPETIKY YEOUETPIX
Tov KOPe delypatog 00Tod KOl OQETEPOL T
OVOLLOLOYEVELDL TOV VAIKOD TOL 0GTOV 1 omoio Kot
avEbvetor  pe v dwdwacio  ynpavong. H
AVTILETOMION Kol 6TO dVO AVTA TPOPANUATO NTAV 1
CT scanninganalysis

H 1egyvnty ynpoavon  zmpaypotomodnke o€
TEWPAULATIK cvokeLun texyNTIG YhHpavons (Ewdva

2), mov Oonuovpyndnke oto Tpqua Xnukodv
Mnyovikov tov [Mavemompiov Hatpdv.

Ewéva 2 [epapatiky GuoKeL| TEXVNTNG YPOVOTG.
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[paypatomombnkayv  petpnioelg  oe  dupopa
YOPOKTNPIOTIKG TOv oyetilovTol HE TIC OMTIKES,
UNYOVIKEG KO YMUIKES 1O10TNTEG TOV 00TOL KOOGS
KOl pe TN OOMN Kol TN HOPQOAOYie  TOV.
ZUYKEKPIULEVO, OVOPOPIKA HE TIG OTTIKEG 1010TNTEG
g€etdomnKe TO YpOHO Kol M OoTAmvOTNTa. H
XPOUOTOUETPNON EMTPENEL TOV TPOGOIOPICUO TG
HETABOANG TOL YPDOUATOG TOV SOKIUIOY 06TOV, HECH
TOV cLVIETAyUEVOV Yphpatog L*, a* xou b*, tov
CIE lab ooppwva pe to mpotvmo «ASTM D 2244-
93». To ypopotikd poviédo L*a*b  avalver to
YpORO  TOv  KAOPE  EKOvooTOlElOL  OE  TPELS
TOPAUETPOVG. XtV Topdauetpo L avtiotoyel 1
£VTOON  QOTEWVOTNTAC, OTNV @ VLTOONADVETOL 1)
ypopatikn 8éon avdpeoa otov AEova KOKKIVOL Kot
npdoivov kot otn b 1 Béon avapesa oto Kitpvo kat
10 pumke. H ypopotopétpnon mpaypatomomdnke e
mv Bondeia g FE method(finite element$ dnladn
™mv oplBunTikn péBodo memepacpévev ototyeimv e
¥pon  pepwov  dwpopikedv  eEiochoemv. H
otAvotita (glos9 eivar o omtiky 1810THTAL OV
TEPLYPAPEL TNV KOTOTTPIKY avakAaon Tov eotog. H
yovio  avakiaong  efaptdton amd  QULOIKA
YOPOKTNPIOTIKA TNG EMUPAVELNS, OTMG 1| TPOYVTNTO.

AvaQopiKd LE TIG UNYOVIKEG 1010TNTEG eAEYYXOnKaY
HeTaED GAA®V, 1| AVTOYN OTNV KALYN TPLOV oneiov,
1 TUKVOTNTA, O OYKOG KOL £YIVE GKANPOUETPNOTN KATA
Vickers Zkinpotnra givol éva pétpo g avtictaong
€vOC VA0V Otav Stomepvatal omd Evov delsduTH.
Emumdéov, pécw evdc Hhektpovikov Mikpockomiov
Yapoong  €QOJGUEVOD  HE  (QOCUOTOYPUPO
evepyelakng daonopdg tov aktivov-X (SEM-EDS)
TPUYLOTOTOWONKE  MUITOCOTIKY]  OVOAVLGY]  TOV
otoyeiowv Al, C, Ca Mg, N, Na, O, P, S tov viikoo.
Télog avagopikd pe T obvBeon Kol ynukn
otofepOTNT Ol UETPNOELS  QQOPOLGAY  GE
AVTICAOUOTO KOALAYOVOL K.AT.

Ta amotehéopata cvoyetiotnkay pe to dedopéva
aloloynong g KOTAoTOONG  OTNPNONG  TOV
dokpiov  pe  t  péBodo TG YMUEOUETPIOG
(chemometrics). Ta pAuato ™ drodikaciog Tov
akoAlovOnOnke ftav To e&ng:

1. Mepapotikdg Xyedacprog

2. [Ipoetoyacio T@V SOKILIOV TOV VAIKOV

3. Teyvnt ynpovon oe Bahapo

4. Tuhoyn Avolutikdv Aedopévev pe  ypnon
KATAAANA@V TEXVIKOV

5. Ekeyyoc tov dedopévav yio Aoy cuvéneia (..
KPOIEG TILES, YEPIOUOC EAMTIOV OESOUEV@V K.AT.)
6. ZToTIoTIKY OVAAVOT).

3. ZratieTikn) Avéivon

O nepapatikoi oyediacpoi (Dellaportaset al. 2014)
TPOGPEPOLY TOAAE TAEOVEKTAHLATA OTTOG:

* gloyotonowoVv to péyebog detyporog, Kot €Tt
OgV TPUYLLATOTOOVVTOL TEPICCOTEPO TELPALOTO OO

oca  yperdlovtar
mAnpopopia,

e emTPEMOVY TNV EKTIUMOT TOV peyebdv mov pHog
EVOLOPEPOLV,

*  glayotonoovy 10 KOOTOG KOODG TO mEipapa
mepAapPavel LOVO TIG ATOPUITITEG EXOVAAYELG.

yw vo mhpovpe v O

H Bempia tov melpapatikdv oxedlooidy amoTeAEl )
Baon 1ng oyedlaong mepapdtov oe O eg TIG
EMOTNUOVIKES KaTELOHVOELS.

Ot k ave&dpmmreg petafintéc, n emidpaon ToV
omolov oe kGmoww  eEapmuévn  peTaPAnTy
(amdxpiron) mpdkerton va peretnbei, ovopdlovron
napdayovteg (factors). ‘Eva meipapa pe k mapdyovreg,
pe tov kabe mapdyovra o 2 eminmeda, ovopdletot
napayoviikd meipaua 2 emmédwv (factorial design)
Kol cvpPoAileTon wg 2% "Eva TANPES TOPAYOVTIKO
neipapo 2° amottel vo vAomomBoldv 2" mEpduata
(xopig emavainym), MOV ATOTEAOVV OAOVLE TOLG
oLVOLAGHOVE TV kK Tapayoviov peta&d tovg oe 2
emineda. Ot mopdyovieg (OnA. ot oaveEdptnrteg
petapintég) umopet va givar ocvveyeic (m.y. mieon,
Beppokpaoio k.AT.) 1| acvveyeig (.. mapovoio 1§ OxL
KGmOlov VAKOD, ypnion M Oyl KAmolug oLVONKNg
K.Am.). H petafint) andkpiong (response variable),
wov omotehel v e€aptmuévn  HETOPANTH  TOL
TEPAUATOC, Kot Tov B ovopdleton mAéov andkpion,
ovvnbwg ovpPoriletar pe Y. Ymdpyoov kot
TOPOYOVTIKG TEPAUOTA TOV ATOLTOVV AYOTEPO TV
2 nelpapdtov dote vo peretnfovy ot k mopdyovtes.
Avtd  ovopdlovior  Khaopotikd (1] HEPIKA)
napayoviikd mepauata (fractional factorial desigis
KOL OOLToOV aKOHO HUKPOTEPO OPLOUd TEPALATOV
vy v perétn k mapayoviov (Kopiing 2006).

lNo mopddetypo av  €yovpe va  e€etdoovpe 5
TOPAYOVIEG €K TOV OMOi®V ot 3 mp@Tol EYovv 2
eninedo, 0 4° nopdyovrag éxel 3 eninedo ko TEMOG 0
5% mapdyovtog éyel 5 eminedo, tote O mMpémel vo
ekteléoovpe 2 X 2 X 2 X 3 X 5 =120 mepdpata
npokeyévov vo  e€avtinfovv  O6Aot ot dvvorol
ovvdvaopol. Avtd onuoivel TG oV Kol Ol
TaPOyovTiKol oyedacpol givar o mo amAdg Tpdmog
Y10 VO LEAETNGOVE VTO OV EMBLUOVLLE, UTOPEL VO
odnynioovv o aplud mepapdtov mov  etvol
OKOVOUIKG 0CoOUPOPOG Ko {0m0G eV  KOVOTOLEl
TEPLOPLGLLOVG XPOVOL KOl KOGTOVG,.

Ot Khoopatikoi mapayoviikoi oyedtocpoi, ovii va
YPNOHOTOOVV OAOVG TOVG SUVATOVG GUVOLAGLOVG
OTMG €ldaE Y100 TNV TEPIMTOOT TOV TAPOYOVIIKOV
oyedoudV, emléyovv pe Paon Kamowo avoTnpd
kpunpw  éva vmooUVOAO  amd  OAOVG  TOLG
cuvdvacpotc. To migovékmnpa sival 6t pe avtodV
ToV TpOmo 0 aplipdc TV TEWPANITOV pewdvetol. H
TPOGEKTIKN EMAOYN TOV CLVIVACUOV aKoAoVOEl Ta
KPUINPLOL «KOGTOVG — OPEAOVG) OTIV TEPULOTIK
Swdkacia. Eivor BéPoaia coapég 6tL pe tov TpOTO
avTd Kamoleg aAAnAemdpdoelg dev eivor mAEoV
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EKTYOIES, Kot  outd amotehel T «Bvoia
mnpopopiacy ®ote vo pewwbel o aplBudc tov
TEPOUATOV KOl TO KOGTOG,.

Yg éva neipopo pe TEvte dLAdKoOVg TaPAYOVTESG OTMG
t0 mapdv, OAOL o1 ocuvvdvacupol yio €va TARPN
TOpayovTIKd  oyedlaopd eivar 2° (tpravta §o).
Zuvnbmg évag KAMOUGHOTIKOG TAPAYOVTIKOG
OYEOGUOC ¥PNOOTOlEl AyOTEPOVG GUVIVLAGHOVE
Kot ovykekpéva o TAog 2°P , dmov avéhoya pe
™V T TOL ToUPVEL TO P HEWDVETOL KOl O aplipog
TOV amoitovpevev telpapdtov. o Tapddsrypo yuo
p=1 Ba kotoAnEovpe og 16 mepdpata, yo p=2 o€ 8
TEPAPOTO Kot o0T® KabeEng. Avtd mov cuvhbmg
Ovoalovpe elvor ot pelOUEVOL  EVOLIPEPOVTOG
aAANAETOPAcELS LeYGAOL BabdLLov.

Y10 mapdv €pyo, emAéyOnke va eEeTacTodV 01 KATmO
TEVTE TOPAYOVTES, G€ OV0 emineda o Kabévag:

e nvypooia (45% ka1 70%)

n dudpxeta (24 ko 48 pépeg)

n enidpaor Tov NOx (100 ko 300 ppm)

n enidpaor Tov SOx(100 ka1 300 ppm)

N oepd pe TV omoia o1 SVO TAPUTAV® PLTAVTEG
enédpaoav, onAadn mpata 1 €kBeon oe NOX Kot
petd oe SOx (N/S) kot To avtiotpopo (S/N).

0 2°* (Sexog€r) fractional factorial oyediaouog yio
70 épyo avoivetar otov [livaka 1.

Mivaxog 1 O 2°* fractional factorial oygdiaopog yio
10 £pYyo.

TNo xabe pio omd ovtég Tg 16 dpopeTikég
TMEPOUATIKEG KOTOOTAGELS CLAAEXONKE Evag aptOpog
derypdrtov, @ote vo vmdpxet M ovvatdtnTo
KOAVTEPNG  OTOTIOTIKNG  avdAvonc. O apOuog
delyndtov mov emhéyOnke eivor Tpi Yo kd@Oe
melpapo Kt emopévog  Mrav  dwbéoyeg 48
TOPpATNPNCES Yo KABe petafAnt). Xtn ocuvvéyewa
€ywve exkkaBapion SeSOUEVOV, TEPLYPAPIKT) AVAALOT
TOV Oe0OUEVOV, KOl EQPOUPUOCTNKOV OTOTICTIKEG
teyvikég omwg ANOVA kot pébodot peimong tov
Sl00TAcEWV TOV TPOPANUATOC.

4. Amoteréopata

Atdpopa meptypa@tkd LETPO VTOAOYIGTHKAY Yol OAES
TG petapintég (Iw. 2). Iopammpeitor 6tL Yo T1g
MEPIOCOTEPEG LETOPANTES - LETPNOELS T dedopéva
NTAV OYXETIKE GULUUETPIKA (OT®G 1 CTIATVOTNTA, TO
xpopo KA®). Acvpuetpileg mapatnpnnkay Kupimg
OTIG INYOVIKES LETAPANTEC.

Mivaxag 2 Teprypagikd pétpa yio Tig LETAPANTES.

AxolovOnoe avdlvon dwokdpavong (ANOVA)
(Chamberstal. 71992) ota dedopéva ToL TEWPAUATOG
O®G MTOV OYESOGUEVO amd TNV apyn YOpig ™
xpon aAAnAemidpdoemv oto poviéha avtd. Tao
QMOTEAECUOTO  TEPTYPAPOVTAL EV GUVIOMIO. OTOVG
ako6AovBovg Ilivakeg 3 - 8 Otr oAniemdpdoeig
pereOnkav  Eeyoplotd pe  mEPLYpAPIKO KLpimg
TPOTO.

MMivaxog 3 ANOVA yuo tig petafAntég xpdpuotog.

Ytov Ilivaka 3 pmopel kaveic va del 15 TPELg
petafAntég yia to ypopa (L, a, b). T'a ) petafint
L 10 cvvoAwd p-value givar 0.021 kdtt mov onpaivel
OTL TOLVAGYIOTOV €VOG TTOPAYoVTaG €iVOL OTATIGTIKG
onpavtikds. H ovvolikn péon tun etvon 79.2 ko m
GUVOAIKT Tumiky amokAion 6.5. Kowtdlovtog wdbe
mopdayovio Eeymprotd, M péon T Yoo ddpkeln
ypavong 14 pépeg eivor 80.6 evad m Tumiky| amdxkiion
4.2. To p-value givar 0.098 kdt1 mov onuaivel 6TL o€
eninedo 0=5% Odev amoppimTOLUE TN MUNOEVIKY
vofeon Ot dhadn o mapdyoviog odev  eivor
GTOTIOTIKG OTUOVTIIKOC. XVVENMG 0V LTOPOVUE VO
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OYLPLOTOLHE OTL O Tapdyovtag «dudpkeloy givar
onuovtikog yw ™ petafinti L. Epunvevovtog ta
vrdéAowma oToryeio. Tov mivoka KoODG KOl TOVG
gmopevovg Ilivoxeg 4 - 8 pe mopduowo  Tpomo,
EMONUAIVOVUE PE KOKKIVO TIG TIEG TOV pP-value mov
VTOONADVOLV GTOTIGTIKE GNUOVTIKY GYECT.

Mivokag 4
OTATVOTNTOG,.

ANOVA vy T1i¢  petopintég

Ytov Ilivaka 5 mopatnpovpe 6Tt 10 KOAAAYOVO
emnpedletar omd TN S1apKELN KOt T GYETIKN VYPAGiaL.

Mivakag 5 ANOVA vy 11 petafintég ovvheong
KoL YNUKNG otofepdTnTag.

Ytoug Ilivakeg 60 kou 6B mopotnpovUE OTL O
OOGPOPOG Kol To 0cPéotio mov eivar o Pacikd
otoyeic  TOL  OvOpPyOVOL  HEPOVG  TOL  OGTOV
(vdpobvomartitng), emmpedloviol amd TNV OCYETIKN
vypacio.

Mivaxoeg 60 ANOVA yuo tic petafAntég dopune.

Hivoxog 6 ANOVA yia tig petafAntég Sopng.

Ytov Ilivoka 6y mapatnpovpe 6t 10 dl®to TOUL
amoteAel oToryElo TOL OpyavIKOD HEPOVS TOV OGTOV
(koAlayovo), emmpedletar omd TN ddpKeww TN
OYETIKN vYypacic. Kol TN oLYKEVIpmoN Ogovymv
aeplov puTavIdOV.

ivaxag 6y ANOVA yuw tig petafAnTég dopune.

Ytov Iivaxo 7 Topatnpovpe OTL 1| GKANPOTNTO KOTA
Vickers ennpedletarl amd TN GYeTIKN VYpOscio Kot TN
oelph pe v omoia epoppoctnke 1 kbeon oe NOX
kot SOX

MMivoxog 7 ANOVA yio Tig HETOPANTEG UNYOVIKDY
wiottev — ZkAnpotnta kotd Vickers

Ytov Ilivoka 8 mapotmpodpe OTL O1 PNYOVIKES
1W010tNTEG EMNPeGlovTaL 0o T CYETIKN VYPOoio Kol
™ o€pd pe v omoia epoppdotnke n €xbeon oe
NOX ka1 SOX.
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IMivakag 8 ANOVA yio T1¢ HeTaPANTEG PNYOVIK®OV
WoTATOV.

6. Zvpurnepaopara

Ta Baokd evpipata cuvoyilovior wg eENG:

e Toa &ldn TOV pumavi®V TOL YPNCYLOTOUONKOV
PBpéOnkav  vo  eivor  oTOTIOTIKA  OMUOVTIKG
oVoYETILOUEVO HE TIG UETAPANTEG TOL YPOUATOG
Kot To B€100Y 0 0EPLOL [LE TN LOoPPOAOYiaL.

o H ceipd pe v omoia epapudéotke 1 ékbeon oe
NOx kot SOx Ppébnke oTOTICTIKA CMUOVTIKG
ocvoyetillopevn He TIG WOOTNTEG YPDUOTOG, TN
OKANPOTNTO KoL TIG UNYOVIKEG 110TNTEG, ONAdn
TIG OTTIKEG KO TIG UINYOVIKEG 1O1OTNTEC.

e H vypacio mopovsicce GTOTIOTIKG ONHOVTIKY
OLGYETION HE LETAPANTEG TOL APOPOVGAV GTN
oKANPOTTA, TIG UNYOVIKEG O0TNTES, TN YNUKN
6100EPOTNTA KOl TN LOPPOAOYiLL.

o Téhog m dbpKel NTAV CTOTICTIKE OMLLOVTIKY Yo
™ YNWKN 6TabepdTnTO Kot T pLopeoioyia.

Ytovug [Tivaxeg 9 kar 10 ot mapdyovieg mov Ppédniav

OTOTIOTIKG  onupoaviikoi o  eminedo  0=5%
ovpporilovton pe X.
Youmepaiveral, €mOHEVAOS, OTL O TEPAUOTIKOG

oxedacudc g épevvog mov Pocileton o a&lomoinon
QUOIKOYNUIKOV  OE0OUEVOV KOl GE  OTOTIOTIKN
emefepyacio tovg, omotehel éva amd To mWAEOV
afomota  gpyakein  ywoo T peAétn  Oepdrov
GULVTNPNONG TOATIOTIKOV TEKUNPIOV, apod cuoyeTilet
Toug meptParioviucong mapdyovtes (aito) pe TIg
mapatnpovpeves vroPabicelc ™mg VANG (amotédecpo)
Kot Oivel T dLVATOTNTO, EMOVOANYNG KoL EAEYXOV TNG
gpeuVNTIKNG  dladikooiog. Mo Tétole TPocEyyion
EMUIPEMEL TN  OLOTNUOTIKY — HEAETN  emidpoomg
SweopwV  TEPPOALOVTIKDV — TOPAYOVI®V — OTO
TOMTIOTIKA TEKUNPLO, HTOpel vao. odnynoel otnv
TEKUNPIOOT AEITOVPYIKGOV HOVTEADV (B0PAC avTdV
Ko vo omodeydel ypriowo epyodeio ywo Tov emtoyn
oxedlopd KOl EPUPUOYN TOMTIKOV TPOANTTIKNG
GULVTNPNONG TOATICTIKOV oyolddV.

MMivakag 9 Ot Tapdyovieg mov Bpédnkav oTaTIoTIKA
ONUOVTIKOL Y10. TO 00TO G€ oYE0T UE TIG HETAPANTES
YPOUOTOG, CTIATVOTNTOG KOl XTLIKAG 6Ta0EpOTNTOC.

Mivakag 10 Ov mapdyovteg mov  Ppébnkoav
OTATICTIKG GNUAVTIKOL Y10 TO 06TO GE GYXEON UE TIG
UNYOVIKEG HETAPANTEG.

Evyaprotieg

H mapovca épguva €xel ovyypnuatodotndei omd v
Evponaikn Evoon (Evponaiké Kowevikd Topeio -
EKT) «xot omd eBvikovg mopovg péC®  TOL
Emyepnowokov Ilpoypdppotog «Exmaidevon kot
Aw Biov MdéOnon» tov EBvikod Ztpatnyikov
Miowoiov  Avaeopdg (EZITA) —  «Epguvnrtikd
Xpnuotodotovpevo [pdypappa GAAHE: Evioyvon
™G AlEmMOTNUOVIKAG N Kot AudpupatiKig €pevvag
Kot Kowotopiog pE  SuvatdTTo  TPOGEAKVGONG
EPELYNTAOV VYNAOD ENMESOVL 0md TO EEMTEPIKO PECH
™G Olevépyelog PaciKNG Kol EQOPUOCUEVIS EPEVVOG
apiloteiogy

Avo@opég

Box, J. F. 1980. R. A. Fisher and the design

experiments 1922926. American Statistician

34(1): 17.

Box, G. E., Hunter, W. G. and Hunter, J.S. 2005.
Statistics for Experimenters: Design, Innovation, and

Discovery(2™ ed.). New Jersey: Wiley.

[TAIIATEQPTIOY ET AL.41



2nd CAA GR Conference Athens, Greece 2016

Brimblecombe, P. 1990. Review article: the Karpovicz, A. 1989.Aging and deterioration of
composition of museum atmospheres. Atmospheric proteinaceous medi&tudiesn Conservatior84: 64-
Environmen24B (1): 1-8. 74.

Camuffo, D. 1998. Microclimate for cultural Kopiing, A. M 2006. IHeipouatikoc oyedioouds ko

heritage Amsterdam: Elsevier. ototioniklp  ovélvon. Anpokpiteo  TTovemotiulo
®pdxng, IMoAivteyvikn ZyoAn, Tuqpa Mnyovikov

Chambers, J. M., Freeny, A. and Heiberger, R. M. Tlgpipdrlovtoc, EdavOn. http://repository.edulll.gr/

1992.‘Analysk of variance; designed experiménts edulll/bitstream/10795/1265/2/1265.pdf Eniokeyn

(Chapter 5), in Statistical Models in Bdited by J. 10 Tovviov 2017.

M. Chambers and T. J. Hastie. Chapman and

Hall/CRC. Riganti, V., Gallotti, E., Lorusso, S., Gallotti, L. et
al. 1995. Deterioratin of wool and linen textiles due

Dahlin, E., (ed.) 2010. PROPAINT Improved to NOx. Science and technology for cultural heritage

Protection of Paintings during Exhibition, Storage 4(1): 5162.

and Transit Kjeller: Norwegian Institute for Air

Research Rivers, S. and Umney, N2005. Conservation of
furniture. Oxford: ButterworthiHeinemann.

Davidson, R. S. 1996. The Photodegradation of some

naturally  occurring polymers. Journal of Selli, E., Beltrame, P. L., Testa, G., Bonfatti, A. M.,

Photochemisry and Photobiology B: Biology, 33: 3- Rossi, Eand Seves, A. 1998. Kinetic studies on the

25. accelerated aging of cellulosic materials. Die
Angewandte makromolekulare CherRi: 6369.

Dellaportas, P., Papageorgiou, E. and Panagiaris, G.

2014. Museum factors affecting the ageing processUpham, J. B. and Salvin, V. S. 1975ffects of air

of organic materials: review on experimental designs pollutants on textile fibers and dydsorth Carolina:

and the INVENVORG project as a pilot study. Environmenél Protection Agency (epa 6504-008).

Heritage Science: 2.

Weintraub, S. and Wolf, S. J. 1995. ‘Macro and
(EnviArt) Chemical Interactiondetween Cultural Microenvironments’, in Storage of Natural History

Artefacts and Indoor Environment. http:// Collections: A Preventive Conservation Approach,
www.cost.eu/domains_actions/cmst/Actions/Chemic SPNHC. Edited by C. L. Rose, C. A. Hawks and H.
al_InteractionsEnickeyn 10 Iovviov 2017. H. Genoways, pp. 12B834. California: Society for

the Preservation of Natural History Collections.
Erhardt, D. and Mecklenburg, M. F. 1995.
‘Accelerated vs natural aging: Effect of aging
conditions on the aging process of cellulose’, in
Materials issues in art and archeology. IEdited by
P. B. Vandiver, J. R. Druzik, J. L. G. Madrid, I. C.
Freestone and G. S. Wheeler. Cancun, Materials
Research Society Symposium Proceedings. Materials
Research Society, 352: 2270.

George, B., Suttie, E., Merlin, A. and Deglise, X.
2005. Photodegradation and photostabilisation of
wood the state of the art. Polymer Badpation and
Stability, 88(2): 268274.

Gysels, K., Delalieux, F., Deutsch, F., Van Grieken,
R., Camuffo, D., Bernardi, A., Sturaro, G., Busse, H.
J. and Wiser M. 2004. Indoor environment and
conservation in the Royal Museum of Fine Arts,
Antwerp, Belgium Journal of Cultural Heritages:
221230.

Harris, M. 1984. The photochemical decomposition
of silk. American Dyestuff Report28: 403-404.

Hedges, R. E. M. 2002. Bone diagenesis: an
overview of process. Archaeomett¥(3): 319328.

[TATIATEQPTIOY ET AL.42


http://www.cost.eu/domains_actions/cmst/Actions/Chemical_Interactions
http://www.cost.eu/domains_actions/cmst/Actions/Chemical_Interactions
http://www.cost.eu/domains_actions/cmst/Actions/Chemical_Interactions
http://repository.edulll.gr/%20edulll/bitstream/10795/1265/2/1265.pdf
http://repository.edulll.gr/%20edulll/bitstream/10795/1265/2/1265.pdf

GIS, REMOTE SENSING AND GEOSPATIAL MODELLING






2nd CAA GR Conference Athens, Greece 2016

TOWARDS A GIS RECONSTRUCTION OF THE AMMOUDARA COASTAL
LANDSCAPE, INTEGRATING ARCHAEOLOGICAL EVIDENCE AND
GEOMORPHOLOGICAL DAT A

G. ALEXANDRAKIS?, K. ATHANASAKI 2, N. A. KAMPANIS?

! Coastal Research Lalmstituteof Applied & Computational MathematicBoundation for Researéh
TechnologyHellas
alexandrakis@iacm.forth.gkampanis@iacm.forth.gr
2 Hellenic Ministry of Culture & Sports, Heraklion Archaeological Museum
kathanasak@culture.qgr

Iepilnyn/Abstract

H mapodoa perétn gotidler omv kotookev] Ynerakod Movtélov Eddpovg (DEM) wg Bacikng cuvietdoag
otV ovoaouvleon TG TOMTIGHIKNG Bloypagiag Tng TopdKTiag TEPLOYNS TS ARpovddpas ot POpela-KeEVTPIKN
Kpm ka1 og aeetnpiog otn depedhvnon g aAnAeniopoong HeTald TOV QUOIK®OV SEPYOCIOV KOl TOV
KOWVIKOU TG tomiov. e T peAén tov mepifarloviikdv cuvOnkov mov emikpatovoov oty Emoyn tov
Xohkoh Kot TNV KOTOOKELT TOL YNeLoKov poviéhov edapovg (DEM), 1 meproyn e€etdotnke YEOUOPPOAOYIKA
Kol INUOTOAOYIKA, EVAD OTO TPOTEWVOUEVO HOVTEAO EVOMUOUTMOONKOV OPYOLOAOYIKEG LOPTUPIEG OO COOTIKES
OVOLOKOPES KL TUY L0 EVPTLLATOL.

The present study focuses on the construction of a Digital Elevation Model (DEM) as the basic component for
the reconstruction of the cultural biography of the coastal area of Ammoudara ircewatrdd Crete and the

starting point in exploring the interplay between natural processes and the social landscape of the area. For the
study of the environmental conditions in Bronze Agmes and the construction of the DEM, the area was
examined geomorphologically and sedimentologically, while archaeologicaneddrom rescue excavations

and chance finds was also integrated in the proposed model.

Keywords: Sea level Changes,Coastal Archaeology, LandscapeReconstruction, Digital Elevation Model
(DEM), Minoan, Gazi, Ammoudara, Heraklion, Crete

1. Introduction A fundamental problem with reconstructions of this
scale- which increases as one goes further back in
Understanding and modelling the geomorphological time - is that they can be seriously compromised by
and the depositional processes, i.e. the transformatiorthe major chages often brought about by earth
of the landscape in a diachronic perspective, is processes and climate change, which have erased or
essential for exploring the cultural biography of a modified beyond recognition many physical features
coastal area. of the landscape as they existed at the time of human
occupation (Bailey et al2011). This problem is

Coastal landscapes are dynamicdsrapes, with  Particularly acqtén regigns of very active .geologicall
their evolution to be strongly linked with waves and Cchange (especially regions subject to active tectonics,
sea level variations. Theisediments are mainly periodic glaciation or selevel change). Due to these

formed in the Holocene and consist mostly of difficulties, previous studies mainly focus on
alternations of clay, peat beds and sand deposits. ~ Vegetation and climate reconstructions rather than the

physcal landscape (Field et @007, Hughest al.

There are several difficulties in studying the cultural 2007).

landscape of coastal areas. These are principally
related to their dynamic character in terms of . S . )

. tal ch W d wind acti It interdisciplinary collaboration focusing on the
environmental change. Wave and wind action result .o ngtryction of a Digital Elevation Model (DEM)
in processes like coastal erosion and the depositiongs 5 specific coastal area in northern Crete during

of aeolian sediments, such as coastal duliésse  Bronze Age. Geomorphological and archaeological
episodes in turn can generate new social relationsdata are combined, as starting point on exploring
and major changes as well. and understanding the environmental conditions and

This paper presents some preliminary results of an
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the social landscape of the region in the respective
period.

2. Study area

The coastal zone of Ammoudara is the defined study
area (Fig. 1), namely the northern part of Gazi
Ammoudara region, west of Heraklion, with a length
of 6.1 km and width up to 60 m. The entire coastal
area is shaped by significant geomorphological and
tectonic processes as well as human activity
(Fasoulas 2001).

On the landward side, the area is bordered by low
altitude (<3 m.) sand dunes, which are located at
distances between 30 and 60 m. from the coastline
and range in height between 2.2 and 2.8 m. The
inland part of the dunkeld area includes a lolying
region formed by fluvial illuviation. Moreover, the
elevation of certain parts of this region falls very
close to the sea level or even lower. A reef lies 80 m.
offshore and parallel to its central and eastern part
having atotal length close to 4 km., a mean width of
about 35 m. and an average water depth of 1.5 m.
whilst at its seaward side water depths exceeds 3 m
Its height above the seafloor exceeds 80 cm.
reaching in places less tha).5 m from the sea
surface.

’

Based on the presence or absence of the nearshor

reef, the orientation of the coastline and the overall
morphological and sedimentological characteristics,
the coastal zone of Ammoudara can be subdivided in
three sections (Alexandrakis et 2006).

Figure 1 Study area (Image source: Esri, GeoEye,
EarthStar Georgafics CNES/Airbus DS, USDA,
USGS, AEX, Getmaping, Aerogrid, IGN, IGP and
GIS User Community, 2016).

The western section, 2500 m. in length, begins at the
west end of the beach and ends to ¢hst of the
mouth of River Gazanos, including the mouth of
Almiros, where the reef recesses. Along the
coastline, there is a typical beachrock formation. The
middle section, which begins 600 m. eastward of the
mouth of Gazanos, extends 2300 m. in lengtd a
ends at the mouth of the River Xiropotamos; in this
section the reef is present and parallel to the

height of 2m. To the East of the Gazanos river
mouh, the reef appears at an average distance of 30
m. from the coastline. It is parallel to the shore and
disappears at the River Xiropotamos mouth area,
where, for a distance of about 200 m. the surface of
the reef is planar, dipping seawards By-34°. Its
width ranges from 15 m. up to 50 m. and it is located
on average 0.7 m. below the sea surface (minimum
depth 0.5 m.). Furthermore, its surface is
characterised by a large number of runnels, potholes
and grooves, whilst the lower part is crixesided,
resembling the cross bedding of coastal aeolian
formations. The grooves are similar to the ones
formed in typical beachrock formations by the
retrograde movement of water on top of them at the
beach face. The eastern section lies between the
mouth of the River Xiropotamos and the mouth of
the River Giofiros, which is the natural east end of
the beach; this section has a length of 1100 m. and
the reef is present in the nearshore zone. In this area,
the reefs surface is almost level, being in places as
little as 0.3 m. below the sea surface. At its east end
the reef presents large cracks, whilst the bathymetry
at its seaward side is characteridgda 1- 1.5 m.
step(Alexandrakiset al.2006).

Overall, the characteristics of the submerged
beachrock in front of Ammoudara indicate a past
shoreline, which retreated approximately 8Q and
iS associated with a relative sea level
?Alexandrakiset al, 2013).

rise

The coastal area of th&aziAmmoudara region,
west of the palatial centre of Kssos and not far
from the Psiloritis region and the administrative
Minoan centre of Tylissos, is archaeologically
regarded among the most poorly investigated areas.
This gap in the archaeological research provides bias
in regional and interegional archeological
interpretations and affects our understanding of the
political, social and economic networks in nerth
central Crete. Consequently, for heritage
management this gap is even more pronounced, since
the lack of data and limited knowledge about exggti
archaeological sites and features implies difficulties
in implementing effective strategies for their
preservation.

2.a Tectonics / sea level changes

The analysis of the tectonic faults in the area has
shown that from the Middle Miocene until present,
the tectonic development of the Heraklion basin has
been mainly the result of successive extensional
periods that generated at least three faults. The first,
consisting of east -west trending faults, was
probably initiated in the Early Miocene. However,
the most extensive activation of these faults took

coastline. The sand dunes are at an average distancplace during the Middle/Late Miocene until the early

of 50 m. from the coastline and have an average

Messinian as a result of the southwards baltk of
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the subduction zone. The established nedhth that it was a domestic unit, which most likely

extensional regime created the first eastt belonged to an extensive Neopalatial (MM [ILM

trending basins in the area of Crete (Fasoulas 2001).1A) settlement that was part of the wider social

Another more recent event in Ammoudara was the contact network in the northern coastal zone of

AD 365 earthquake, when vertical movements in the Minoan Crete Pottery from the excavation is dated

area reached.-m. (Fig. 2). predominately to MM llI- LM IA (Fig. 5), though it
includes Pre and Pospalatial sherds (Vallianou
1979, Athanasaki 2015).

Figure 2 Tectonic uplift after the AD 365
Earthquake (modified from Stiros 2010).

Sea level in the Aegean Sea in the last glacial periodigure 3 Minoan sites, location of Minoan building
(20-21 ka BP) was at 120 m. to 105 m. lower than (settlement) and thg position of the research drl_II.
today (Pirazzoli 1991, Lambeck Bard 2000). From (Image source: Esri, GeoEye, EarthStar Georgaﬂcs
11500 to 6000 BP there was a quick rise, due to CNES/_A'rbUS DS, USDA, USGS, AEX, Getmap!ng,
glacialleustatic factors, and sea level reached 5+1 m.A€rogrid, IGN, IGP and GIS User Community,
lower than today. In the last 5000 years, sea level rise2016)

followed a steady rate of approximately 0.9

mm./year. 2000 BP the sea level was found 2.5 m.

lower than its present value (Lambeck 1996, Fouache

et al.2005, Vouvalidis et al.2005).

Moreover, the eruption of Santorini in the Late
Bronze Age resulted in tsunami waves, based on the

evidence of tsunami deposits along coastal aréas o __ ) o )
Greece (McCoy & Heiken 2000, Manniret al. Figure 4 Area and archival depiction of the Minoan

2006, Sigurdsson et aR006). Numerical models settlement(Photos by Ephorate of Antiquities of
have shown that tsunami wave amplitudes were Heraklion (EphAH).

significant with inland inundation up to 200 m.

along the coast of Crete (Bruinst al. 2008).

Additionally, evidencdrom the AD 365 earthquake,

the largest known seismic event in the Eastern

Mediterranean, support the idea that the respective

tsunami reached not only the NW part of Crete, but

also affected the coastal areas in Heraklion (Flouri et

al. 2013).

2.b Archaeological overview

The archaeological importance of the region has
been documented by early scholars, such as |I.
Hatzidakis (1918) and A. Evans (1928). Although

several archaeological remains were destroyed by
natural processes and modern human activity
(agriculture, grazing and construction), evidence
from rescue excavations, surface remains and
chance finds dating from the Neolithic to the

Ottoman period were found in many parts of the

area, suggesting intensive patterns of habitation and
other human &ivity (Fig. 3).

Figure 5 Pottery and painted plaster fragments from
the excavation of 1979 (MMHLMIA) (Photos by
Katerina Athaasaki- drawings by P. Stefangki

3. Materials and Methods

However, the only excavation in the coastal zone was
carried out in the late 1970s and revealed a building, The first step towards the DEM reconstruction of the
which was only partially excavated (Fig. 4). It seems study area was the implementation of the
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geomorphological and sedimentological mapping.
For the geomorphological mapping, topographic
diagrams from the Hellenic Army Geographical
Serviceand GeoEye satellite images were used. The
morphodynamic measurements, which included
beach elevations and slopes, were taken with the use
of a D-GPS, whilst depth soundings were acquired
with the use of a single beam eedmunder reaching

5 m. depth within water. Furthermore, surficial
sediment samples were collected along the profiles
and analysed according to Folk’s (1974) procedure.
Finally, a research drill reaching 8 m. below surface
was made to determine the deposition environment
of the coastal sediments (its location in shown in Fig.
3). The proposed DEM was generated using a
combination of archaeological evidence, tectonic
data and a detailed geomorphological and
sedimentological epping of the modern landscape.

4. Results
4.aGeomorphology

The overall morphological and sedimentological

characteristics of the reef are very similar to those of

the present beachrock formations in the western part

of the Ammoudara beach. Evidence for the formation

of the reef along a former shoreline as a beach rock

contain: (i) its position parallel to the present

shoreline; (ii) its morphological characteristics, such

as its width, thickness, upper surface slope and

morphology (e.g. runnels); ijiiits absence in front of

the river mouth areas; (iv) the material of its upper

layer, which is similar to modern beach zone Figure 6 Stratigraphic column and small ceramic
material; (v) the crosbedding of its lower part, remnantound within the drill sediment.
which is analogous to aeolian coastal formations; (vi)

the presence of freshwater inputs along the beach4.cCoastal evolution

zone available for mixing with seawater (e.g. karstic

source of Aimiros) and (vii) its western prolongation, As regards the dune system area, the conceptual
which coincides with the modern beachrock model of Alexandrakis et a(2013) was considered

formations found on the current beach face. (Fig. 7). In this model, it is stated that, there were
_ multiple lines of sand dunes; the older being quite
4.b Stratigraphy stable and hosting an alluvial area behind them. As

the sea level rose, younger dunes were eroded and
The stratigraphyof the research drill indicated that, stable aeolian depositgere brought to the surface.
the dune system in the area is very old. Concurrently, a beachrock formation was developing
Sedimentological finds between 1.8 m. and 8 m. in the coastline.As the sea level began to rise,
depth consist of sandy and gravely sandy deposits,coastal erosion removed sediments from the beach
which are typical coastal dune deposits.wFe and, eventually, the beachrock was separétech
different layers were recogniseglg. a layer between the beach, submerged and formed the predant
3.5 and 3.7 m. with slightly coarse material and the reef. In the areas of Giofiros and Almiros the low
presence of pumice. Also, at a depth of 6.5 m. (4.2 topogrphic relief and muddy sedimentact as
m. from the surface of the sea) a small sherd wasindicators of a potential lagoon system behind the
retrieved (Fig. 6). dune field.
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5. ConclusionsFuture work

The shoreparallel reef in the Ammoudara coastal
zone is a submerged beachrock that was formed
during the upper Holocene. Its current position, about
0.5 m. below sea level, indicates a relative sea level
rise of more than 0.5 m; the latter has caused a
coastline retreat of approximately 60 m. At present,
the beach zone of Ammoudara seems to be stable and
in morphodynamic equilibrium with the nearshore
hydrodynamic conditions. The reef acts as a natural
submerged breakwater that protects the shore from
erosion by reducing the incoming wave energy and
inducing intense wave breaking tlaer from the
shoreline.

. _ - Overall, the landscape reconstruction suggests that
Figure 7 Coastal evolution model (modified from geomorphologically the area was very different in the

Alexandrakiset al. 2013) Bronze Age. Based on the archaeological and
o _ geomorphological finds, alluvial plane sediments
4.d The Digital Elevation Model seem to have been appropriate for agriculture, while

the location of shoreline is indicated approximately
An initial DEM was generated by inputting the 200 m. from its current position.
tectonic movements and the sea level rise rates for
the last 4000 years and combining these with work in progress and future research include more
archaeological data from the same area. The detailed paleoenvironmental studies, research drills
proposed DEM can be used as thasib for future  in further locations to achieve a more precise idea of
more detailed reconstructions in order to understandthe stratigraphy, supplementary correlations with
the landscape archaeology of the area (Ashmorearchaeological sites and features, as well as detailed
2004). The Ammoudara beach zone appé&arthe  studies and reappraisal of old excavation data. Using
reconstructed DEM wider and the dune field more g multi-disciplinary approach several questions can
developed (Fig8). be investigated such as:
- How has sedevel change influenced human
populations and what was the effect on the
archaeological record?
- How can natural phenomena and processes affect
human behaviour and contribute to cultural change?
- In what way can specific natural disasters like t
tsunami caused by the Santorini eruption be related
with the historical events of the Late Minoan IA/B?
- Finally, what types of interaction between Bronze
Age people and the coastal landscape are evident in
the area? Can they be considered a result of
continuous and discontinuous medtialar natural
and cultural processes?
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epiinwn/Abstract

O mpocdlopopds g yempopeoroyiog mailet onuavtikd poAo GtV apyUoA0YIKn épguva Tov Tomiov. Atdpopot
TOTOL YEOUOPPDV UTOPOLY VO, SLKPLOOVY OO YOPOKTNPIOTIKG YEOUOPPOAOYIKA oToLyEln OV amekovilouv Tov
mePlyLPO TOL OKIGHOV Kot Vo a&lohoyndel N yeoypapikn Tovg onpacio. 66ov aopd v KovoTTd TOVg Vo
Swtnpnoovy évav TANBLGHO. AlGQOopeg TPOCEYYIGES YEDOTANPOPOPIKNG LEAETOVVTOL, YPTCULOTOLDVTOAS TN
dmpedv 0160gom tov Ynelokov poviédov aviywong ASTER G-DEM. Ot 0écgig TV apyaloloyIKdv OKICUOV
KOl O YOPOKTNPIGUOG TOV KLPLOPY®Y YEDUOPPOUETPIKAOV GTOWEIOV TOL TOTioL pmopel vo, amokaAHWovVY
TANPOPOPIES Yo TNV AVATTLEN TOV OIKICUAOV KOl VO TAPEXOLV 0. KAADTEPT KATOVONOT TG avOpOTIVIG
GUUTEPLPOPES, OGOV OPOPA TA YAPAKTNPLOTIKA TOV TOTIOL LEe TNV TAPOodo Tov ¥povov, OmmS 1 dayeipon TV
vodrwv. H perétn avtn €xet og 616%0 vo aEloA0YNGEL TIC KOAVTEPES SLUOPOLLES Y10 TOVG VIATIVOVG TOPOVS TOL
KatapOdvouy GTOVG LEYOADTEPOVS OKIGLOVG, EQPAPUOLOVTOG TEYVIKECG OAOKANPOUEVOV TOAAUTADY KPLTHPLOV
avaivong anopdoewv (MCDA) kot texvikég avalvong tov erayictov kéotovg dadpopung (LCPA) pe ™ xpion
YEQYPOPIK®OY cvotnudtov mAnpoeoptdv (IEID). Mo tétote mPOGEYYIoN OMOJEKVOETAL MG £VO TOAVTLHLO
EPYOAEID Y10, TOVG OPYOLOAOYOVG TPOKEWEVOD VO, TPOGOI0picovy Kot va a&loAoyNoovY ToV GYedOoUO TNG
Suoyeiplong TV VOATOV 6TV OPYOLOTNTOL.

The determination of geomorphology plays an important role in archaeological landscape research. Several
landform types a&n be distinguished by characteristic geomorphic attributes that portray the surrounding
landscape of a settlement and evaluate its geographical importance in terms of its ability to sustain a population.
Various geoinformatic approaches are acknowledged, by using the free available ASDERI.GFhe

locations of archaeologicatettiements and the charactatisn of the dominant surrounding landscape
geomorphometrics can reveal insights into the development of settlements and provide a better understanding of
human behaviar, with regard tathe landscape characteristics over time, such as the water management. This
study aims to assess the best routes for water resources reaching the major settlements, by using integrated
Multi-Criteria Decision Analysis (MCDA) and LeaGbst Path Analysis (LCPA) approaches in GIS. Such an
approach proves to be a valuable tool for archaeologists to determine and evaluate the water management
planning in ancient periods.

Keywords:Bronze Age CreteLandform Classification, \&ter ManagementMulti-criteria Decision Analysis,
Least Cost Path ralysis

Introduction

The Earth’s surface consists of various physical
properties that influence local topography and
indirectly influence human behaviour in terms of
habitation p@tterns. In order to charactexighe
underlying landscape in the location of a
settlement, a number of landform types can be
distinguished using geoinformatic approaches to
evaluate different geomorphological characteristics.
The information that can be derived provides
significant infomation regarding the topographic
position of archaeological settlements.

In recent years due to improvements in computing
capabilities and software functionality,

geoinformatic approaches can provide a useful tool
for decision makers managing naturakaerces,
human resources and archdewitage resources.
Initially, Geographical Information Systems (GIS)
techniques are acknowledged in order to determine
the landform types and the geomorphometric
characteristics. A number of geomorphometric
variables (e.g. drainage density, elevation relief
etc), extracted from the ASTER Global Digital
Elevation Model (ASTER &EM) are evaluated
through various algorithms incorporated into free
open source GIS software. Moreover, the landscape
can be classified into morphological classes based
on the topography by adopting the difference from
mean elevation¥IFF) analysis (Gallan& Wilson
2000). The positions dadirchaeological settlements
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and the characteaion of the dominant
surrounding landscape geomorphometrican c
reveal insights into the development of settlements
and provide a better understanding of human

behaviour with regard to the landscape
characteristics over time, such as the water
management.

During the Bronze Age period, advanced water
management téoiques were practiced in several
settlements around Crete. Various water resources,
such as wells, springs, cisterns and aqueducts were
supplying the settlements according to local
conditions in terms of geomorphology. The
Minoans were forced by nature tdevelop
advanced hydraulic systems for transporting water,
due to the mountainous terrain, especially in
regions with water scarcity due to the dry climate
and the distance of settlements from major water
bodies (Angelakis et aR005). Finding the routes
through which the water resources were reaching
and supplying the major settlements is a
challenging aspect with GIS being a powerful tool
in this direction.

This study aims at the analysis of best routes for
water resources to reach major settlemebts,
using integrated MultCriteria Decision Analysis
(MCDA) and LeasiCost Path Analysis (LCPA)
approaches in & (Herzog 2010, Kathuo & Mubea
2013). The derived information in conjunction with
hydrolithology is combined within an MCDA in
order to highligh those landscape characteristics
being advantageous in water management planning.
The outcome from the MCDA analysis provides
the cost surface in order to plan the most suitable
route for water resources by using LCPA and
considering several criteria in the analysis (such as
springs, wells, aqueducts etc.). By assessing the
landscape impact to past human occupation and
exploration of water resources routes, the MCDA
and LCPA approaches prove their applicability
towards the evaluation of water management in
ancient periods as well as the potential discovery of
new archaeological features.

1. Methods and Results

The landform classification was based on the
difference from mean elevation (DIFF) analysis
(Jenness 2005) using as @mput dataset the free
avalable ASTER Global DEM (&DEM: 30 m.
spatial resolution) and the allocated archaeological
sites for each Minoan period respectivelys
recorded by the archaeological surveys of Hayden
et al. (2004), Watroust al. (2004) andHaggiset

al. (2005).

DIFF (zo-z) measures the relative topographic
position of the central point as the difference
between the elevation of this central point and the
mean elevation within a  predetermined
neighbourhood (Gallani& Wilson 2000). This
index can be used to classify thendlscape into
morphological classes (Jenness 2005).

The DIFF based landform classification can
produce 10 landform classes: streams, -shighe
drainages, local ridges, valleys, plains, foot slopes,
upper slopes, upland drainage, rsldpe ridges
and high ridges (Tagil &enness 2008) (Fig. 1).
Usually, two neighbourhood sizes (in this study
100 m. and 600 m.) are combined to offer detailed
geomorphological information  through the
discrimination of complex landscape features, as a
single neighbourhood size provides less
information about the general shape of the
landscape (Tagil & Jenness 2008).

Figure 1 The landform classification based on
DIFF (eastern Creteps extracted from ASTER-G
DEM.

In this study, the various calculated
geomorphological derivates (Table 1), such as
amplitude of relief (Ar), topographic terrain
wetness (TWI), slope gradient (Sg), drainage
density (Dd), stream frequency (Fu), elevation
relief (Er), stream length gradient (SL), surface
area/ratio (SAR), dissection index (Di) weused

in an MCDA modelto provide the morphometric
classification map (Fig. 2). In conjunction with the
landform and morphometric classificationa
hydrolithological map was acknowledged in the
MCDA procedurein order to contribute the levels
of permeabity and their impact to water flow
infiltration capacity (Fig. 3). All these mapping
information contribute to the creation of the final
cost surface rasteused as an input in the LCPA
procedure by evaluating the assemblage of the
various derived themiatmaps (Fig. 4-pb
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Indices Formula Description Bibliography
Amplitude relief | Ar=z(max) z(min), The spatial distribution of the maximum difference| Ciccacciet
(Ar) where z is the elevation withimit elevationwithin unit areas of 1 kfn A parameter that al. 1988
areas of 1 ki can be used for the statistically orographic configuray
of the study area in order to determine fluvial erosi|
Provides information associated with recent verti
displacements of uplifted or subsidencecks.
Stream length SL=(AH /AL )xL, The ratio of the change in elevation of the reach to| Hack 1973
gradient (SL) where AH is the height increase, AL | length of the reach multiplied with the total length of the

the horizontal distance correspondi
in each case to AH, and L the
accumulated length from the startir|
point to the middle point of the
interval.

nghannel from the point of interest where the inde)
being calculated. Abrupt changes in the gradient of ri
can be associatedth active tectonics.

h

Drainage Dd=XL /A, The ratio of the total stream length to the area of| Horton 1945
density ©d) where XL is the total length of all the basin. The drainage density revealsformation
ordered streams and i8 the area of| regarding surface runoff potential, ground surfe
the basin. steepness, the degree of landscape dissection, [rock
permeability and resistance to erosion.
Stream Fu=N/A, The ratio of the total number of the stream segments| Horton 1945

frequency (Fu)

where N is the total number of streal
segments and A is the area of the
basin.

n the area of the basin. The values of stream frequency
indicate the degree of slope steepness, rock permea|
and surface runoff.

pility

Slope gradient Slopem, Slope grad'ien_t glgorithm shows_ maxim_um sl Evans 1979
S whereG is the easto-west gradient steepness, |nd'|cat|n_g the change in e]evatlon_betv een
andH is the nortkto-south gradient _each (_:eII and its neighbors, thus_ allowing relations}
in basin morphmetry to be determined.
Topographic TWI=In (As/tanb), Determines the spatial distribution of soil moisture § Beven &
Wetness Index | whereAsis the upslope contributing | surface saturation with regard tihe influence of| Kirkby1979
(TWI) area and tamis the locaklope. topography, based on digital elevation models (DEMSs).
Narrow V-shaped valleys can be determined ag
characteristic aspect of active tectonics.
Elevation relief | SRR =(z(mean)—z (min))/ Describes rugosity in a continuous raster surface wi| Pike&
(Er) (z(max)—2z(min)), a specified window. Wilson 1971
wherezis the elevation.
Surface Surface area= é/ cos (S (n\180)), | Reflect the surface area and (surface area) / (planim| Hobson1972
area/ratio (SAR) | wherecis the cell size andiSthe area) ratio for the land area contained within that cg
slope in degrees. boundaries. Surface Ratio provides a useful index of
topographic roughness and convolutedness, W
Surface Ara gves a more realistic estimate of the lapd
area available than you can get from the sim
planimetric area.
Dissectionindex | D=2z (max)/(z(max)-z (min)), | Dissection describes dissection in a continuous rg Evans,1972
(Di) wherezis the elevation. surface within rectangular or circular windolt.is the
ratio between the absolute relief and relative religg
an important geomorphological tool for estimating
vertical balance of erosion. Is iusetl in the study of
the terrain, the dynamics and thtages of landscapge
evolution.
Table 1: Geomorphometric indice®rmulas and description.
Figure 2 The morphometric classification based on Figure 3 The permeability levels of the

various geomorphometric variables (eastern Crete),
as extracted from ASTER GEM.

hydrolithological formationgeastern Crete)

ARGYRIOU & SARRIS53



2nd CAA GR Conference

Athens, Greece 2016

Figure 4 The various water resources thgbu
diverse historical periods, overlaid in cost surface
raster

The least cost path between two points is the path
of least resistance or lowest costhere cost is a
function of time or other usetefined factors. The
neighbours of a raster cedre evaluatedvith the
generated path movinffom one cell to another
following the smdkst accumulated or cost value.
This process is repeated multiple times until source
and destination are connectetihe cost surface
raster is based on the contributiohthe landform
classification by 55%, the geomorphometric
classification by 34% and the hydrolithological
information by 11%. This indicates that the higher
contribution is provided by the landform
classification, whibh was derived by the
characteriation of the topography based on two
neighbourhood sizes windows (100 m. and 600 m.).
This range used in the neighbourhood sizes
windows is larger than the 30 m. spatial resolution
of the ASTER GDEM.

As a result, the prior topography is generalised in
more than one raster cell and minirags any
irregularities or anomalies in the LCPA route. In a
GIS environment, least cost path analysis is the
application of spatial tools to determine the lowest
cost path between two or more termination points.
LCPA has bee employed in the past in the
analysis of Roman aqueduct routes (Roldan et al.
1999, Lagostena & Zuleta 2009Pue to their
specific  characteristics which combine a
constructed trace and a water flow, acqueducts do
not obey cultural, topographic or hydrologic
conditionings alone, but a combination of all these.
For that reason, several characteristics of aqueducts
have to be taken into account when modelling their
route. Firstly they only flow in one direction so
anisotropic models are to be preferred. Selygnd
following a downhill route, gradient being constant,
excessive downward slopis not supported by
unpressuried conduits. Finally, they can also
incorporate engineering works such as cascades,

tunnels, siphons or arcades, which allow theéma
cettain degree to overcome topographic restraints.

Figure 5 LCPA for Malia with the route from the
water resource (spring) to the settlement (Malia),
overlaid in thecost surface rastdtop); LCPA for
Knossoswith the route from the water resource
(Makrokolybos spring) to the settlement (Knogsos
overlaid in thecost surface rastébottom).
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The development of LCPA analyses based on cost
surfaces has been acknowledged as a useful
methodological approach in the archaeological
analysis of movement. The locations suggested by
the different water resources (e.g. springs, wells)
associated with the aqueduct’s traces are essential
in modelling the most appropriate route (Figs}4-
The model will be applied and refined using the
archaeological evidence kwa for the aqueducts.
The cost surface raster comprised the source input
to perform the LCPA procedure. It's common in
the literature to use only the slope gradient as the
input dataset, but this study makes use of a various
number of geomorphological deatives to
enhance geomorphological, tectonic and
hydrological aspects, which in conjunction with
landform types and permeability provide a much
more enriched and ideal cost surface raster input
dataset.

Conclusions
This study examined the importance of
geomorphological attributes that portray the

surrounding landscape of a settlement in order to
evaluate its geographical position and the degree of
its ability to sustain a population. Various
geoinformatic approaches using the free available
ASTER GDEM were acknowledged herein
revealing important information regarding the
development of settlements. In addition, they

provided a better understanding of human
behaviour, with regard to the landscape
characteristics over time, such as the water
management.

Initially, the derived landform types surrounding
the individual settlements, for the successive
Bronze Age subperiods, provided two main
highlights of the distributed settlements location.
Firstly, the high increase on valleys and plains;
secondly, the high decrease on open slopes and
mid-slope ridges. These observations were
examined statistically indicating the tendency of
population movement through the years from
higher elevated areas during the Early Minoan
period to lower areas in the following peds. This

can be interpreted as a population trend, after the
Early Minoan period, connected to better
accessibility to arable land and water resources.

In order for the settlements to remain active
through the years, the accessibility and exploitation
of the nearby water resources was vital. This
research aimed, by using the LCPA approach in
GIS, to assess the routes that existedhe various
water resources (e.g. springs, aqueducts) to reach
the major settlements. The cost surface dataset that
was c¢eated through the MCDA procedure
contained diverse morphological, hydrolithological

and geological information. Such valuable
individual information  contributed in the
improvement of the cost surface dataset for water
resources routes identification, iroraparison to
previous studies where minimum information, such
as slope, was acknowledged as the only cost
surface factor. Various routes linking water
resources and settlements were identified in this
study helping towards the reconstruction of the
water nmanagement through the centuries (e.g.
Bronze Age, Roman, Byzantine). Water resources
routes identified in this study were overlapping
with previously reconstructed routes, which were
based on extensive archaeological studies and in

situ  observations. This indicates that the
methodological framework of this study can
provide an alternative low cost tool for

archaeologists to examine the water management of
archaeological sites through the years.
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Hepiigyn/Abstract

H pekét g katavoung Tov apyaloAoyik@dv 0E6EmV 6TO TOTO OTOTELEL OVOLOCTIKO TOPAYOVTO G TPOS TN
GTPOTINYIKY] TPOGTUCIOG TNG TOATIOTIKNG KANPOVOULAG KOL TV OTOTEAEGHOTIKTY S10yEIPIOT TNG EMKIVILVOTNTAG
TOV OPYUIOAOYIKAOV pvnueiov kot 0écewv amd TeptPailoviikong kol avOpwmoyeveis mopdyoviec. H diepgvvnon
TOAVOAOYIKOV LOVIELDV KOTOVOUNG Kot OEOOUEVMV OO SOPLPOPIKES EIKOVES UTOPOVV VO GUVEIGPEPOLY TPOG
mv KotevBuvorn aut. Ado povtého mpoPAeync — 10 mP®MTO Tov PocileTon GE TOAV-TOPUUETPIKES YDPUKES
avaivoelg oe mepPdrrov GIS kot to dgdtEpO OV KAVEL YPNOT TOV TOAVOAOYIKOD HOVTEAOL TNG HEYIOTNG
Evtporniag (MaxEnf) — a&oloyndnkav pécw tng €Qaproynic Toug He pio Emay®yiKn Tpociyylon oty Tedadn
Tavoliere g Notog Itodiag, AapPdavoviag vadyn v mapovoia yvootdv apyooioyikov Bécewv. H
GUYKEKPIUEVN dlodikacio EKOVE YPNOT TOTOYPAPIKAOV, YEMHOPPOAOYIKOV Kol TEPPUAAOVTIKOV TANPOPOPIDOV
ov e&NyOnoav and dopveopikég ewkdves. Ta OMOTEAEGHOTO TNG EPEVVOS VTOSEIKVOOVV TNV KAAVTEPN ATOS00N
Tov povtélov MaxEnt evd 1 avdivon tov kupiov cuvictocdv (PCA) pe Bdon to kprtipo AIC (Akaike's
InformationCriterion) epgavileton kabopioTikn yio v €TI0V TOV TEPPAAAOVIIKOV TOPAUETPMV.

Cultural heritage protection policies and the efficient management of archaeological risk impact inherent in
infrastructural planning require the study of the distribution of archaeological features in present landscapes.
This can benefit from the combined use of probability distribution models and remote sensingwaata.
predictive models@IS-based multiparametric spatial analysis and MaxEnt) were compared and assessed with an
inductive approach in a welhvestigated area of the Tavoliere Plain (Southern Itzdged on data about known

sites Topographic, geomorphological and remote sensariyeld environmental variables were employed. The
MaxEnt modelprovided the best performance. Model selectiokkdike’'s Information Criterion) indicated
spatial PCA as a viable means fioe choice of environmental variables

Keywords: Archaeology, GIS MultiparametricSpaial Analysis, Maximum Entropy (MaxEnt)Neolithic,
Predictive Models, Remotee8sing, Spatial PCA

Introduction extended to archaeological issues. The MaxEnt
model, considered one of the most efficient and

The use of predictive models for the analysis of the Fobust among such models (Eligt al. 2011), has
distribution of archaeological sites is considered by been applied within an archaeological contentier

several authorse(g. Fernandest al. 2011, Fordet ~ both the deductive (e.d=ranklin et al. 2015) and
al. 2009) under different modelling approaches and inductive approach (e.gJllah 2011, Galletti et al.
assumptions (i.e. dediive and inductive - 2013).

Kamermans2006), either starting from an gaiori
knowledge of histodal aspects and using presence The objective of this work is to compare and assess
sites as reference for validatiar correlating site  two inductive models, GKMPSA (Noviello et al.
locations with the environmental features. 2015) and MaxEnt tonvestigate the distribution of
Multiparametric spatial analyses (MPSA) in GIS Neolithic sitesin the Tavoliere Plain (e.g. Jones
have been applied for the prediction of settlement 1987,Ciminaleet al. 2007).
distribution(e.g.Alexakisetal. 2011).

1. Methodology
More recently, approaches generally employed in
ecological investigations for modelling the A representative area of theaVoliere Plain (Puglia)
probability of species distribution (SDMs) have been was considered 538.26 kmi; coordinates of the
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square vertices:41°19'33.57"N - 15°36'29.13"E
41°19'26.63"N - 15°54'7.80"E, 41°19'26.63"N

15°54'7.80"E, 41° 7'40.51"N 15°36'22.47"E; Fig.
1), containing 120 known Neolithic sites regularly
distributed on a square regular grid (1.5 km x 1.5
km). The sites included those identified by either

remote sensing (49), specifically geophysical
prospections and cropmark examination on
satellite/aerial images (e.g. ao et al. 2009;

Noviello et al. 2013), or archaeological identification
methods (71) (Barbanente et al. 2010).

Thirteen environmental variables were considered as ~

in Noviello et al. (2015); namely attributes providing
archaeologistgieophysicists withcues on former
habitation in the region:

Topographic featuresT]: altitude, slope and
aspect(8 m x 8 m pixel resolutin and 1 m
altitude accuracy);

Geomorphological features (G): river network,
quarries, and river morphologgominal scale
1:25000;Proximity maps to these features were
derived

Vegetation indices (VI): ARVI, NDVI, Green
NDVI, SAVI, MSAVI, MSR, computedfrom a
Landsat 8 image (spatial resolution 30 m x 30 m,
11 bands spectral resolution) acquired on 20
June 2013.

The GISMPSA model was implemented following
the main stepdescribed in Noviello et al. (2015):

1. Reclassification of environmental maps on the
basis of weights proportional to the site
frequencyin predefined classes of values.

2. Assignment of importance weights to the three

environmental categories (with equal variables

weights within each category).
The model was implemented at a map resolution of
200 m, as this spatial scale reflects the environmental
conditions of the average extent (34246 in
approximation) of thepolygons outlining each
settlement. The 200 m resolution map was obtained
by the aggregation of the pixel values of reclassified
environmental variables maps (2 m x 2 m).

Criterion (Akaike 1973) with a correction for small
sample size (AlCc) (Burnhak Anderson 2002and
Akaike weights (WAICc Wagenmakers &Farrell
2004)were applied

D Reference sites

5 Km

Figure 1 Study area.

Weights were assigned to categories according to the

analytic hierarchy proces8HP (Saaty& Peniwati
2007). A series of MaxEntmodels was built
considering different sets of environmental variables
to avoid collinearity effects. d@htroling for
collinearity among environmental variablem
MaxEnt is crucial to avoidhe allocation ofgreater
importance to two or more highly correlated
variables, which can affect the resul@ollinearity

To assess and compare the predictive power of the
GIS-MPSA model and of theldest MaxEnt modég|

the Receiver Operating Characteristic/Area Under
the Curve (ROC/AUChnalysis(Fielding and Bell
1997 was performedpy means ofthe DIVA-GIS
software modelling evaluation togHijmans et al.
2012). This analysis allows to evaluate how well
model predictions discriminate between locations

assessment leading to the selection of the variableswhere observations are present or absent, and is one

was performed by means of two alternative
approaches: Pearson’s correlation and patial
variart of PCA (Johnstorl978) for the analysis of

of the most widely used threshdlitdependent
evaluators of model discriminatory power (Fielding
and Bell, 1997). The criteria suggestetly Swets

raster data (Jensen 2015). For the selection of the(1988, cf. alscAradjo et al. 2005) where adopted to

“best MaxEnt model”,the Akaike Information

interpret AUC range values as follows: excellent
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(AUC > 0.90); good@.80 < AUC < 0.90)fair (0.70 This work shows that he application of high
< AUC < 0.80; poor Q.60 < AUC < 0.70)fail (0.50 performance predictive methodologies is promising

<AUC < 0.6Q. for the protection of buried culturaieritage and
might enake an efficient management of economic
2 Results and administrative  aspects for territories

characterised by a high archaeological risk. The work

Two GIS-MPSA models and four MaxEnt models 1S however in progress, as we are aware that a few
were implemented. The MaxEnt models issues_ (e.g. selection of the most effective map
implemented with 6 Altitude, Aspect River resolutlon,as_sessrmi of therelative importance of
network Riverbank bordersRiver erosion banks remote sensing data for the devglopment of response
MSAVI) or 7 (Slope Aspect River network,River variable$ need to be e_x_plored with greater detail to
erosion banks MSAVI, NDVI, SAVI) of the allow for thetransferability of the approach to other
environmental variables selected in the two ways, 2'€as:

Pearson’s coefficients M2,00 mode) and PCA
(M3,90 respectively, resulted equivalent. However,
the model ranking by meaw$ the AlCc and wAICc,
(Table 13 indicates “some substantial support”
(AAICc<2) (Burnham & Anderson 2002) fomodel

in which the choice of the variable was guided by the
Spatial PCA. That is, the competing pdsmodel has

a higher support thanthe candidate best model
(AAICc=0) M2,q09, Whereasno support (AAICc>10)
resultedfor the remaining My andMO0,q0models.

3 | TR

GIS-MPSA PCA selection
Presence probability

oy Honi100

-

Considering that for all models 66% of the presence
data were used for the training and 33% for the test,
the results of the ROC/AUC analysis clearly indicate
the better performance of the “best MaxEnt model”
(M3,50 AUC 0.75) in relation to the GISISPA
(AHP_300 T75/G,2/VIs AUC 0.51).

This indicates that the probability map corresponding
to this model represents the probability of Neolithic
sites’ distribution in a more realistic way than its

GIS-MPSA analogue (Fig. 2).

D Reference sites

MAXENT PCA selection

Presence probability
— 100

Lowig

3. Discussion and Conclusions

This work demonstrates that in the case of the
Tavoliere area, presence only SDMs models can be
considered as more effective than @I®SA ones
for the modelling of archadéayical site distribution
In addition, the best MaxEnt model resulted from the
selection of variables performed by means of a

spatial PCA. Therefore, this approach appears as arkigure 2 Probability maps (resolutiog00 m x 200

efficient and objective means to increase model ) corresponding to the betaxEnt model (below)
parsimony guiding the choiceof the model with the 514 to the analogue GI8PSA model (above).
most effective variable combinatipwhile reducing

the risk of overfitting.

Rank Log Parameters ~ Sample Size  AIC score AICc score AAICc wAICc
Likelihood score

M2,00 -1097.91 34 120 2264 2292 0.00 6.26E01

M3500 -1102.29 32 120 2269 2293 1.03 3.74E01

M1,00 -1094.21 41 120 2270 2315 22.75 7.19E06

MO0 -1088.31 57 120 2291 2397 105.45 7.90E24

Table 1 Results of AlICcAnalysis for the four competing MaxEnt models at 200 m scale.
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Hepiingyn/Abstract

H napodoa epyacio mpoylotedeTal TNV avaAVoT TOAVPACLATIKOV d0OPUPOPIKDOV EIKOVMV KOl 0EPOPOTOYPAPLUDV
VYNNG yopung avdrvong (WorldView-2) koi RGB ewodvov and to Google Eartt®, pe oxomnd
YOPTOYPAPNOT KOl S10YPOVIKY TOPAKOAOVONON TTEPLOYDV, Ol OTOIEG VITOKEWVTOL GE CUGTNUATIKY GVANGCN amd
TouPopvyovs. H épguva eMKEVIpMOVETOL GTIV EVPVTEPT TEPLOYN TNG apyooroykng Béong «Aytog Mvacwvac»
o100 yopto Ioltkd g emapyiog AgvKoiog, OTOL £XOVV EVTIOMIOTEl TEPAY TOV OEKO CLUANUEVOV OapyoinV
Tapov. Ot TOPAVOUES OPYOLOKOUTNAIKES dPOCTNPLOTITEG OTNV TEPLOYN TPOYLOTOTOONKAY GE S0POPETIKES
YPOVIKEG TEPLOSOVS LE TIS €10000VG TV TAQ®Y vo. gviomiCovion oe Paboc mepimov TPdV HETPpOV amd TNV
emedvelo Tov £66.povg. O aVaAVGELS TOV SOPLPOPIKAOV EIKOVAOV GE GLVOLACUO pE EMTOTIL EpevVa. EXoVV deilel
OTL TO PAIVOUEVO 0VTO dEV VOl HELOVOUEVO TEPIOTUTIKO, OOV Kol AAAEG TEPLOYEG dLTIKOTEPA TNG BEong Tov
e€etdleTon otV Tapovoa epyacia, mapovoidlovy iyvn dwatdpaéng. H mpotevopevn pebodoroyikn Tpocéyyion
amodekvieEL OTL 1 avdAvon ewdveov kol 1 enegepyacio. TOAVPAGHATIKOY O0PLEOPIKMY SESOUEVOV VYNANG
YOPIKNG OVAAVONG, TPOGOEPEL TN OLVATOTNTO GLOTNHOTIKNAG TOPAKOAOVONGNG TEPLOYDYV  APYOLOAOYIKOV
EVOLOPEPOVTOG, L€ OKOTO TNV TPOCTAGIO Kot StaPOANEN TNG TOATIOTIKAG KANPOVOMLAS OO TOPOVOLEG
dpacTNPLOTNTEG.

This study aims to present the results from the analyslughf resolution multispectral satellite and aerial
images (WorldView2) and RGB images from Google Earth© endmerder to map and diachronically monitor

sites of archaeological interest that are endangered from looting. The research concerns the archaeological
landscape of Ayios Mnas@mPolitico village, located in Nicosia district, where more tteanlooted tombs have

been identified. Some of these tombs have been disturbed in the past, while others by more recent illegal
activities, detected in depth of more than three meters below ground surface. Image processing and in situ
investigations evidenced that this phenomenon is not isolated,dimeareas in the western part of the case
study under examination in this paper, have been also disturbed. Overall, it is evident that image analysis and
processing of high resolution multispectral satellite datasets, can be used for systematic monitoring of areas with
archaeological interest, in order to protect and safeguard cultural heritage against illegal archaeological activities.

Keywords: ArchaeologicalLooting, RemoteSensing,Aerial Images Satellite Images Cyprus WorldView-2,
GoogleEartho

Introduction To this end remote sensing technologies, including
space observation and ground reomtact
llegal archaeological activity consists one of the techniquescanbe of a great support for mapping
major anthropogenic hazards of cultural heritage and monitoring both the archaeologisites and the
threatening several important archaeological sites of haural and anthropogenic hazards threatening them.
Cyprus. While illicit trafficking has been secured Through remote sensing technologies current threats
under various international treaties (e.g. The Hague could bedetected,mapped andhus observed and
Convention 1954,UNESCO general Conference Mmonitored, while in some caspsediction of threats
1964, Eurgpean Convention 1969 etc.), the local law could be achieved. The priori consideration of
and its subsequent amendments, still the illicit potertial threats of ‘sensitive’ archaeological areas
archaeological excavation and particularly tomb could consist ofa strategic tool towards their
looting, as far as Cyprus concerns, is even today aprevention.
serious infestation threatening the history and
archaeology of the island. It is therefore evident that Within the last years remote sensing has been
a robust and systematic tool is neededassisting systematically employed to support various aspects
legal and local authorities astkeholders. of archaeological resedr (Agapiou & Lysandrou
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2015) and cultural heritagsector (Tapete et al.
2016). More recently, greater attention was given
towards the exploitation of earth observation
techniques concerning the destructions made in war
conflicted areas, including amongsithers, the
documentation of looted sites (Tapete et2416)

The investigation and monitoring of illicit
archeological activity from space has been also
studied in vast areas of archaeological interest upon
limited surveillance means (Lasaponataal. 2012;
Lasaponarat al.2014).

Even though remote sensing cannot stop looters, itFigure 1 Looted tomb. Looting has been achieved
can positively impact to the distant monitoring of uysing mechanical equipment (depth more than three
large scale sensitive areas, providing fruitful meters below ground surface).

information to stakeholders in order to identify

looting signs, as well as to distantly and efficiently The achaeological importance of the site is also
record and monitor these sites, also preventing gocumented in the first topographic map of Cyprus,
further destructions of this kind. drawn in the last quarter of the™€entury (Fig. 2).

For the aims of this studymulti-temporal aerial
images taken during 1992008 and 2014as well as

a multispectral high resolution WorldVie® image
and RGB images from Google Earth© engine were
used. The multemporal analysis of the various
datasources included the creation of pseudo colour
composites, the use of vegetation indices and
Principal Component Analysis. The preliminary
resuts from the image analysis of the above datasets
are hereunder presented.

1. Case study area and methodology

The area under investigation is located in the southFigure 2 Case study area as indicated in the
western part of the modern village of Politico, in Kitchener's map, drawn in the last quarter of th& 19
Nicosia District. In this area, looted tombs have been century.
identified in the past as well as in more recent years.
The tombs are hewn out of the natural roed. For the specific case study, three high resolution
Undisturbed tombs are difficult to be detected by aerial datasets have been exploited: (a) a grayscale
means of aerial and/or satellite techniques due theorthophoto aerial image taken in 1993 with 0.50 m
fact that bey are underground, in an approximate pixel resolution; (b) an RGB orthophoto aerial
depth of 3 meters below surface. In contrast, signs ofimage taken in 2008 with similar pixel resatut
looted tombs are more likely to be obsenatd and (c) an RGB orthophoto aerial image taken in
recognised in that way (Fig. 1). 2014 with pixel resolution of 20 cm. Further
enhancement of the results obtained by the analysis
The wider area of the Politico village consists of an of the abovementioned aerial datasets, was given
intense archaeological territory, very important for through processing a high resolution WorldViéw
the history of Cyprus, linked to the ancient city- satellie image taken at i1 of June 2009 and
kingdom of Tamassos. Nile several archaeological examining the historical record of the Google
excavations took place in the past or are still taking Earth© engine.
place in the area of Politic@olitiko-Kokkinorotsos
2007: La Trobe University, Melbourne under Dr. 2 Results
David Frankel and Dr. Jenny Weldolitiko-Troullia
2016: University ofWest Carolina Charlotte, USA Initially, a critical interpretation of the aerial images
underDr. Steven Falconer and Dr. Patricia Failje has been accomplished (Fig. @aSubsequently, the
necropolis under investigation here has never beendatasets were overlaithé seveal colour composites
excavated or studied. Even though this area has beeihave been eated (Fig3d4). For instance, Figre 3d
declared as ra ancient monument (Scheduled B presents a pseudo colour composite befoing
monument) and is protectday law, the looting not  eventshave taken place and therefore no anomalies
only has not ceased, but as will be shown hereunder,are detected aurary to the rest of the composites
it has been augmented through the years. (Fig. 3e-3).
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In addition, Principal Components Analysis (PCA)
was applied to the aerialatases. Figures 3y -3h
present the first two Principal Components (PCs)
while Figure 3i presentsa pseudo colour from the
first three PCs. 1l the latter, the looted areas are
easily recogniad.

Figure 4 Left: Worldview2 pseudo colour
composite of 2009 indicating one looted tomb in
circle. Right: screenshots from Google Earth©
engine indicating looted tombs of the same area
between 2008 and 2016.

Moreover, other algorithms have been tested at the
WordView-2 datasetsee Figure 5)ncluding several
vegetation indices (such as the Normalised
Difference Vegetation Index NDVI; Difference
Vegetation Index -DVI; Atmospheric Resistance
Vegetation Index -ARVI etc.) and other indices like
the Sum Green Index and Build Up Index as well as
the orthogonal linear equations (Agapiou 20T he

Fiqure 3 Gravscale orthobhoto aerial imade taken in latest techniques allow to the enhancement of the
9 y P 9 satellite image by creating a new 3D spectral space,

1993 with 0.50 m pixel resolution (a); RGB \phich s linearly correlated to the initial spectral
orthophoto aerial image taken in 2008 with similar pands of the sensors, namely soil, vegetatiod
pixel resolution (b); RGB orthophoto aerial image crop marks.

taken in 2014 with piel resolution of 20 cm q).
Different colour composites have been created from
these datasetslf), while (g-h) present the first two
Principd Components (PCs) and @)pseudo colour
from the first 3 PCs.

From the exploitation of the satellite datasets
employed for this study, signs of looting have been
identified in different periods covering a time span
from 2008 until today (2016). Compared to the
results of the aerial data, the satellite images have
both identified even more looted tombs and
provided information in retion to the looting
period (Fig. 4).

Figure 4 shows the results from the image
interpretation of WorldView2 and Google Earth©

'.”"'ages- Circles |qd|cate areas I.ooted at .dlfferent Figure 5 Aerial image indicating the looted areas in
times demonstrating the expansion of looting from o squares (top left). The rest figures show the-post
2008 to 2016.Yellow circles are referring to the processing of the Worldvie® image using different
looted tombs that have also been identified in situ by vegetation and other indices (such as Sum Green
the authors, while red circle defines a disturbed arealndex; Build Up Index) and linear orthogonal
detected only by satellite investigation. equations (soil component).
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In addition, sembautomatic segmentation and The overall results fothe methodology for the
classification techniques have been appliecdboth specific caseridicatethat remote sensing techniques
aerial and satellite data evaluate thie performance can be of great support to the authorities for
for the identification of lootedareas. The semi monitoring tomb looting in vast archaeological
automatic segmentation was performed within the landscapes, hard to be investigated systematically by
ENVI software using ruldased and objeairiented other means.

approach (Figures 6 and 7). Various parameters

regarding the scale and the colour have been testedconclusions

Supervised and usupervised classification of the

image was also carried out within the same software. The aim of the present paper was to evaluate the
Un-supervised classification was performed using the potential use of aerial and satellite datasetgett

ISODATA algorithm while supervised classifiers griented classification compared to other classifiers
such as Mahalanobis distance and Support Vectorec ) for monitoring tomb looting.

Machine (SVM) have been applied. The

classification wasemployed in order to examine As demonstrated in this case study, protection and

whether the spectral properties of the looted areasmgnjtoring of sites and monuments (either known or

could be detected from the mesdpectral sensor. still un-known) is feasible using remote sensing data
and methodologies. While tomb  looting
identification was successfully achieved in the
present reseeh, this methodology could be useful
(and further exploited) to identify other types of
changes occurring in an archaeological landscape.

Remote sensing datasets can provide helpful
information for stakeholders to monitor cultural
heritage sites and landscapes. The piling of aerial and
satellite dataresulted inthe identification of even
moredisturbed areasipondifferent periods of time.
The results clearly indicate that archaeological areas
and landscapes can be monitorad @ systematic
basis to trak and eventually prevent similar
activities in the future, assisting local authorities to
identify areas of high risk in relation to looting.

From an archaeological point of view, it is of great
importance that this specific area, obviously a vast
ancien cemetery laying to the west of Politico
village has never been excavated and/or studied. The
recurring loss of archaeological information and
material from looting provokes an irreversible
destruction to the archaeological layers and should be

Figure 6 (a) Aerial image of 2014 (RGByver the consideredatastrophic for Cypriot archaeology.

looted tombs; If) Segmentation with 50 scale factor;
(c) Segmentation wh 60 scale factor; (d)
Segmentation with 70 scale factor; @gmentation
with 75 scale factor and)(Segmentation with 80
scale factor.

It is important to highlight that the authors have
accomplished in situ investigation prior and after
image analysis, providing ground truth validation of
the remote sensing results, thus permitting the
evaluation of the techniques employed.
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Hepiigyn/Abstract

To Ynoewaxko Ipdypappa Erikng eotioce tnv tpmdtn @don g épguvag tov ato Ktfiplo pe Awadpopovg (KuA),
oL amoTeAel Kevrpkd kticpa tov [Ipwtoediadikov (ITE) owiopov g EAikng otn Bopeta [lehondvvnoo. H 1610
épevva mopeiye emmAfov mANPoEOPNOT TNV EMOPACT TNG SVVOKNAG TOV TOTIOV UECH TNG TPOGOUOIWGONG
YEMAOYIKOV YEYOVOTOV KAODS KOl 6TV KOTAVONOY TOV YEVIKOTEPOL OPYLTEKTOVIKOV G)XeS10V TOL KINPiov Kot
TOV VAKOV doung tov. Mia epappoyn Teoypapwav Zvotnudtov ITAnpoedpnong pe Paon 1 Svvopiknm
povtelomoinon mov Poaciotnke oe mévie petafAntég tomiov (dvodo tng otdbung e BGhaccac, TPOGYDOELS,
KkaBilnon, TekToviKn avoymon) gixe oG OmoTEAEGA TN pHoVTEAOTTOINOT TG oY€ong neta&y g ITE méing ko g
0droocac. H Béon tov okiopon kat 1 YeLTviao) Le TNV aKTOYPOpUN EIVOL GUVETELG e To 0P OlOAOYIKG GTOLYELD
Kot To dgdopéva TV yewtpnoemv tov Epguvntikov ITlpoypdpupatog Apyaiog Elikng. Ilpoypotomomfnke
tpodidotarn avorapdotacn tov KpA 7ov cvvodevtnke amd ovaALon NG OGOUIKNG OKEPOLOTNTOG, Mo
TPOTOTOPLUKT TEXVIKT EQPAPLOYNG otV apyotoroyio Paciopévn oty Avaivon Ilenepacuévov Etoyeiov. H
epappoyn g Hebddov KotédelEe OTL 01 GTEVOLOKPOL S1Adpopol TpooTébnkay yio va e&umnpetncovy Pactkn
SOIKT avAyKN OV OPOPE TNV EVIOYVON TOV TAEVPIKOV TOIY®OV TOL TPOKEWEVOL Vo oviéEovuy To BApog
debTEPOL 0pOPOL Kot oTéYNG pe kepapidec. Emiong pnakpodypoves €1Kooieg GYETIKA e TNV OPYLTEKTOVIKY] TOV
KpA omv IIE nrepotiky EAAMGS0 anocagnviotnkav, evioyDovtag TePOLTEP® EPUNVEVTIKEG TPOCEYYIOELS
OYETIKAL [LE TOV SLOIKNTIKO TOVG POAO.

The first phaseof the Digital Helike Projecthasfocusedon the Helike Corridor House (HCH), the central

building of the Early Helladic (EH) settlementn the northernPeloponneseThe research provides insights on

the impact of landscape dynamics through simulation of geological events and on the overall HCH architectural
design and construction materialsaiagh structural integrity studies. Giased dynamic modelling based on

five landscape variables (sea level rise, deposition, subsidence, tectonic uplift, and pulse tectonic uplift)
modelled the relationship between the EH town and the sea. The location and proximity to the shore are
consistent with archaeological and borehole data from the Helike Project. 3D reconstruction of the HCH was
performed followed by structural integrity analysis, a pioneering technique within archaeology based on Finite
ElementAnalysis. The method has shown that the long narrow corridors had a structural function intending to
improve side walls strength for supporting a second floor with a tiled roof. &i@mghng conjectures have been
refined regarding the architecture of ¢édor houses in the EH southern mainland, and has supported approaches
to their administrative role.

Keywords:Helike Corridor House, Finite Element Analysis, G@i®delling, Structural Integrity

I ntroduction and exotic wealth imply that the town had key access
to the network of overseas trade during the middle

The Helike Project (Katsonopoulou 2011) has and early second half of the®3millennium BC

located an Early Helladic (EH) -1l settlement (KatsarouTzeveleki 2011).

buried 35 m under the coastal plain of Aigialeia, in

northern Achaea, on the southwestern shore of theThe Digital Helike Project (DHP), under the

Corinthian Gulf (Fig. 1). Evidence for elaborate town umbrella of the Helike Project, is a multidisciplinary

planning consists of buildings arranged across research effort aiming at understanding the EH

cobbled streets including one of the Corridor House Period through modelling and simulation. It

type. Large amounts of stored domestic accessoriesntegrates a range of data generated from borehole
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samples, archaeological excavation and stratigraphy,case of the HCH the geometry was derived from the
geophysical prospection, geological information, layout of the foundation walls. The method thus, is
seismological evidence, environmental analysis, GIS, based on precise physical models requiring the
3D reconstruction, structural integrity studies and specificationof materials and their geometries, and
cultural identification. Within this wider research simulates a structure’s ability to withstand a large
framework, the first phase of the DHP focuses on the variety of loads.

Helike Corridor House (HCH) within its landscape.

The excavated walls of the HCH pose several

guestions which may be answered by structural

integrity simulation such as:

e What is the structuralalue of the added corridors
in terms of load bearing; can a clear indication be
provided of whether a second floor might have
existed?

e What were the structural properties of
construction materials based on?

e Why and how was the plan of an earlier house
modified resulting in long narrow corridors and
what is their relationships to facilities on the
ground and upper floors?

e How does the HCH compare with its
contemporarieghe ‘House of the Tiles’ at Lerna
and the ‘Weisses Haus’ at Kolonna, Aegina, in

Fi 1M f the Pel howi h ) - .
gure ap_of the Peloponnese showing the termsof design and building materials?

location of the EH Helike.

The starting point of the research was to perform Section 1 describes the methodology f_or simulat'ion
GlS-based predictive modelling to place the HCH in Of dynamic environments based on Digital Elevation
the context of the Helike Plain and ancient shoreline Model (DEM) and structural integrity. Section 2
by simulating changes in the landscape over the paspresents thg result_s and aadission with conclusions
4300 years (Kormann 2008). The main purpose of i provided in Section .3

this study being to reconstruct the relationship of the

EH town with the sea, given that the affluence of 1.Methodology

imported items from longlistance sea trade shapes ) )

the social character of the town. The EH site, 1.aDynamic Landscape Modelling

including the HCH, is at present in the alluvial plain )

of Aigialeia and mee particularly at the Helike Delta  Previousresearch(Soter & Katsonopoulou 2005 &
plain between the two rivers Selinous and Kerynites 2011, AlvarezZarikianet al. 2005 & 2008, Koutsios
at about 1100 m from the present shoreline. It is 2009) has addressed the geomorphology of the
buried at 35 m depth under the coastal plain pointing Helike Delta from the Early Helladic to theate

to the extent of dynamic changes of the landscapeRoman periods and how geological events influenced
since the EH eriod (Soter & Katsonopoulou 2011, the continuity and discontinuity of landscape
Engel et al. 2016). According to geoarchaeological occupation. Kormann (2008) has developed dynamic
and archaeological data yielded from research carriedmodels applied to a DEM of the Helike plain which
out by the Helike Project in the area during the past has been validated by extensive borehole,
25 years, the EH site of Helike was built on a low environmental and excavation data, and cross
rise in theplain at about 200m distance from the Validated against geological, archaeological and
coastline (Soter & Katsonopoulou 2011). literary sources.

Following landscape modelling, structural integrity The models describe and simulate the relationship
studies of the HCH have been performed through 3D between sea and land from the present day to the EH
reconstruction, modelling and simulation. While period. The general equation to calculate the height
computer models have been used in cultural heritageof & point at any past time using its current DEM
before (Hejazi & Saradp014), the novelty of our  heightis given by Kormann (2008):

appoach lies in using structural integrity analysis, an

engineering technique based on Finite Element Hy = Hyo + (S¢1 — Upr) — Ryt — Rpt + Rst (1)
Analysis (FEA), for the study of archaeological Wheret = (t; —t,) is the time span with; as the
structures. The models are used as means of testingime at the end of simulation arg is the present
mechanical properties of building structures, which time. This assumes that time is expressed in BP
depem on construction techniques and materials (Before Present) and normallyl(— t0) > 0, that is,
used and are based on CAD models’ geometry. In thethe simulation is run back in time. The method is
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based on updating a digital elevation map through The dynamic landscape modelling discussed here is
Equation (1), where the height of each point in the validated by archaeological records suggesting that
DEM is re-evaluated for a given time in the pastisH  the Early Helladic site was at sea side cf. Figure 4,
thus, the DEM height wherH,, is the height to be  trenches H21, H2Znd bore hole B75 also cress
calculated andi,, is the current height of a point on referenced by literary sources (Kormann 2008).
the map.S is subsidence event, U is the pulse Recent research has focused efforts on modelling the
tectonic uplift event, and the ratBg, Ry andRs are Early Helladic Helike Corridor House, a monumental
constant rates for tectonic uplift, deposition, and sea building within the settlement through structural
level rise assumed over the period considered. Theintegrity analysis. The athod is described in the
quantification of such varides for the Early  next section and modelling results in Section 2.b.
Helladic wasmainly taken from Soter (1998).
1.b 3D Modelling and Structural Analysis
The effects of these five variables (sea levee,ri
sediment deposition, subsidence, tectonic uplift and Finite Element Analysis (FEA) is a simulation and
pulse tectonic uplift) on the DEM are depicted in analysis method to study the behaviour of
Figure 2. Starting at “Present sea level” on the right engineering structures under a variety of loads. By
of the picture, the models evaluate how each defining the geometry of the structure, materials, and
elevation has changed from the present to théyEar the mechanical properties of such materials it is
Helladic period and earlier. Tectonic uplift raises the possible for instance, to simulate its dynamic
tectonic plate and in the past any point in the Delta behaviour, detect weaker points and improve the
was lower than it is today, so the rate of vertical design. In archaeology, it is proposed to telsether
tectonic uplift Ry) has a minus effect (i.e. it is structures such as buildings for which only scant
subtracted) from all current DEM height Since evidence are available (e.g. where only foundation
sediment deposition is always adding layers of soil walls survive) would withstand the forces and
over time and any point was lower in the past than it displacements if they were built as suggested by the
is today, the rate of sediment depositiBg)(also has  archaeological record (Kormann et aR015,
a minus effect and needs to be subtracted from allKormannet al.2016).
current DEM heights as we travel back in time.
Structural integrity studies using FEA require the
specification of the geometry through a 3D model of
the structure to be simulated. Several CAD packages
can be used to create a 3D model; we have chosen
SketchUp for its ease of use, being freely available,
and its ability to export 3D file formats that are
compatible with ANSYS, an engineering software
package designed to simulate interactions of all
disciplines of physics such as vibration and
structural.

In the case of the HCH, ANSYIS used to test the

Figure 2 The behaviour of the five environmental integrity of the structure concerning materials,

variables over the past 7000 years with the effects geometry and its ability to withstand loads. We have
plus (+) or minus {- relative to current DEM  performed linear buckling analysis to determine at

elevations. which level the load from the weight of a possible
second floor and the roof might render the structure

Since sea levels in the past were lower than the Unstable. Developing such simulation analysis in

present day (Soter 1998), any point in today’'s DEM ANSYS requires the following workflow:

is higher in relation to the past sea level, so the rate

of sea level riseRy) is added to DEM heights to  ® linear

Define the analysis to perform (e.g.

represent this relative rise. Pulse tectonic uplift and
subsidence only happen during the event of major®
earthquakes and thus, pulse tectonic up(if)
raises the plate and must be added while subsidence
(S lowers the plate and must be subtracted. The
quantification of the variables follows mostly from
Soter (1998) and results described in Section 2.a are®
consistent with the archaeological records of the
Helike Project and literary sources (Kormann e
2008).

buckling),

Specify materials engineering data, i.e. their
mechanical properties which include the

mateial's density, compressive and tensile yield

strengths, Young's modulus of elasticity and

Poisson ratio,

Define the geometry of the structure as a solid 3D
model,

Specify the physical model and assign materials
to various parts of the structure,
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e Set upthe initial forces and loads acting on the destroyed by an earthquake followed by a tsunami, in
structure, around 2300/2200 BC, and was then subsided in a

e Define a solution to perform (e.g. stress). The marine environment. EH sediments from the
APDL (ANSYS Parametric Design Language) is €xcavated trenches have provideddence of long
used to solve the physical model and perform the term submergence of the buildings in a mixed
simulations. environment of marine, lagoonal and terrestrial type

before they were completely covered by riberne

The results of the simulation can be viewed and deposits.

analysed in various ways, and it can show clearly

whether the structure would stand the applied loads

(e.g. withstand the weight of a second floor and

roof).

2. Results
2.aDynamic Landscape Modelling

GlS-based predictive modelling simulating changes
in the landscape over the past 4300 years (Kormann
2008) revealed the close relationship of the EH town
with the sea. The model has shown that the HCH was
located at 170 m from the ancient shoreline. The
model has been validated by archaeological and
environmental data. Our methodology uses present
day DEM SRTM90 (Shuttle Radar Topographic
Mission, 90m horizontal resolution) data. Imagery
from Google Earth of the Helike Delta and shoreline Figure 3 The present Helike Delta shoreline.
is overlaid on tdEM as depicted in Figure 3. From
the presentlay model, the variables defined in
Equation (1) change each elevation value with the
long-term trend back in time as described in the
methodology depicted in Figure 2. For instance, any
point on today’s shoreline would be submerged in
the EH period.

Subsequently, the model was calculated for the
period of ¢.2300 BC and simulation results are

depicted in Figure 4The trenches and boreholes

showing evidence of EH occupation is overlaid on
the DEM raster image. The resulting model depicted
in Figure 4 is in good agreement with cultural and
environmental features that have already been
revealed by analytical research data, including:

e the extensive expanse of the EH settlement
encompassing the HClds implied ly excavation  Figure 4 Simulation of the EH Helike shoreline, for
(indicatively marked here by trenches H7, H21, the approximate date of 2300 BC.
H22);

¢ the presence of a lagoon (encircled area) implied The GIS results, also visuadid in Figure 5, show
by evidence from gearchaeological research of that the HCH and the EH settlement were located at

the Helike Project; and 170 m south of the EH coastline, found currently at
e the close distance to the sea side, as revealedl100 m from the shore. The location and proximity
particularly by evilence from bore hole B58. of the HCH to the shore are consistent with data

acquired from other contemporaneous Corridor
In borehole B58 ceramics dating to 2300 BC were Houses across the Peloponnese.
recovered from sandy clay at a depth of-3420 m,
underlying a brackish sediment containing ostracods 2.b 3D Modelling and Structural Analysis
together with evidence of a tsunami (Alvarez
Zarikianet al. 2008). The evidence suggests that the The geometry of the HCH structure was developed
EH settlement was situated close to the shore. It wasfrom the excaated foundation walls and full plan
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drawing, depicted in Figures 6 and 7. The model was
constructed in SketchUp and exported to IGS, a 3D
file format designed to exchange 3D data. The full
3D model of the HCH, shown in Figure 8, was then
directly importednto ANSYS. To build a simulation
model with ANSYS, the mechanical properties for
each material are required.

Figure 5 The relationship between thdCH and
shoreline within the EH settlement.

Figure 7 Plan of the HCH.

Figure 6 Excavated walls of the HCH.

These propertiesmust include density, Young's

modulus of elasticity, Poisson ratio, and the

compressive and tensile strengths. The geometry of ]

the house depicted in Figure 8 was separated intoFigure 8 Full 3D reconstruction of the HCH.

groups according to their structural materials: 1)

Foundation, 2) Walls, 3) Ftw, including wooden A meshing operation subdivides the geometry into
structure, reed structure, and mud |ayer, and 4) small Components over which the method of FEA is
Staircase. These structures differ extensively in termsapplied determining the displacements for each
of their range of materials and consequently their applied load or force. The weight of the roatiag

physical properties, which implies a range of on the wall structure is defined by a single
mechanical responses. compression force. The roof was calculated as a total
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downward force of 262,244 N acting on the walls.
The walls are fixed to the foundations and their
motion is constrained in all directions. ANSYS then
solves the analysis using the finite element method.

We placed our emphasis on performing buckling
analysis which is used to determine the buckling

status. The GIS dynamic model of the Helike

landscape in the EH period has clearly dertratexd,

in line with borehole and archaeological data yielded
from the Helike Project research in the area, that the
location of the site was close to the shoreline. This
explains the large input from overseas trade
providing evidence that the EH town oklike had

loads, i.e., the loads in which the structure becomeseasy accessible trade routes through the Gulf of
unstable (Hibbeler 2013). The analysis is achieved Corinth.

by gradually increasing the load until it reaches the
value specified by the roof load. The technique is

widely used in engineering simulations to test slender integrity analysis using FEA,

structures such as walls and columns.

3D reconstruction of the HCH followed by structural
an engineering
methodology applied to archaeology by this research
has demonstrated the functional puwpoof the

Results showing areas of the building that are more corridors in EH architecture and have clarified a

suscepble to buckling are depicted in Figure 9. The
numeric results of buckling analysis are given by the
load multiplier which can be used as a prediction of
structural stability. Simulations were performed with
several different scenarios and internal wall
configurations and location for the staircase. The
simulations show that the narrow corridors with

long-standing debate on the issue. Results from the
HCH analysis have highlighted the required
craftsmanship from the builders and probisoiving
techniques by constructing a ttorey house wiit
additional structural features such as the doubling of
the walls into ‘corridors’ on the long sides as a
structural strengthening element. These and other

stairs along the side walls have a structural function features such as transversal walls and the addition of

as they reduce the susceptibility to buckling. Equally,
the plan of the internal cross walls increases t
rigidity of the structure. Furthermore, the back wall
which is considerably wider than the other walls has
also the structural function of reducing susceptibility
to buckling. Overall, the added corridors to the plan
of the house were necessary featdioesupporting a
second floor.

Figure 9 Linear buckling analysis. The areas shown
in red are the most critical to buckling.

Discussion and Conclusions

a staircase enabled the house to withstaedldads
of an upper floor and tiled roof.

Results from this analysis haveevealed the
specialigtion of EH Helike builders on creating
architecture upon a consistent and purposeful plan.
Furthermore, results have provided valuable insights
into the soml purpose of building innovations
occurrng in the EH, to serve centraid
administration, accumulated wealth and social status
exemplified by corridor houses (Maran & Kostoula
2014, Shaw 2007, Wiersma 2013). Similarities in
terms of overall plan designetween the HCH and
the Weisses Haus at Aegina, as well as with the
House of the Tiles at Lerna may also account for a
scenario where the plan and building techniques of
the corridor louses have acquired a standardised
form, which was optimisd, copied ash reproduced

by expert architects and builders across the region, as
part of a regime aiming at constructing social
landmarks inside the EH town centres.
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Hepiingyn/Abstract

Y10 mapov apbpo efetdletor n SvVATOTNTA EKTEAEONG OLKIOKMV OPACTNPIOTATOV OTNV APXOLOTNTO KOTA TN
SuapKeln. TG VOKTOG HE XpNom ADYVOL, O TPOS TNV AVTIANYN TV YPOUATOV KOl T SVCKOAIN S1dKPIGNG TOVG.
210 Epyoompio ®wtoteyviag tov E.M.IL. mpaypoatonombnke cepd tp1od146TaT®OV TPOGOUOIOCEMY UE YPNON
TOAETOG (OUAOES XPOUATIOTMV TETPAYDVAOV), 1] OO0 TPOCOUOIDMVEL Y10l TIG OVAYKES TV OVOADCEWMV TIG OIKIOKES
gpyacies. Mg Tov TpOTO aVTO LTOAOYIGONKAV 01 TIES AAUTPOTNTAS KOl Ol OVAAOYEG TOPAUETPOL Y10 T SLAKPLoN
TOV YPOUATOV. ZOUEOVO [E TO OTOTEAEGLOTO, VIO TIC TPOKVTTOVGES GUVONKES POTIGHOD, OUASES XPOUATOV
aiveral 0Tt amodidovv Tig 101eg TIHES, OTMG TO XPLGO, TO YAAALI0 Kot To nmp 1) To urhke pe To povpo. [IpokvmTel
OTL 1 EMTVYNG EKTEAECT] SPUCTNPLOTNTOV TOV OTOLTOVV SLAKPIOT] YPOUATOV, OTMG 1 VPAVTIKY, OgV UTOpEl va
Booiotel oty 6paon Katd T StdpKeLa TG VOKTOG KOt VIO TO MG TOV TOPAYETAL Ad £va AvyvApL, OAAG omottel
€K TOV TPOTEP®V YVMOT TG BEomng g Kabe KAwoTnG.

This paper aims to investigate the feasibilifyindoor nocturnal activities in houses of antiquity in terms of
colour perception under the lighting conditions resulting from the use of lamps and the ability or discomfort for
users when discriminating colours. A set of 3D simulations were performeet iLighting Laboratory of the
National Technical University of Athens using different colour pallets (sets of lines and squares) in order to
simulate domestic tasks. The luminance values extracted from the surface of the pallet and the corresponding
parameters for colour discrimination were calculated. According to the results among some sets of colours, for
example gold, light blue and purple or blue and black, the measured difference is almost negligible.
Consequently weaving, which requires colour discrimination, cannot be successfully performed during night
time under the resulting lighting conditions based on human vision alone, since it requires previous knowledge
of the series of the threads.

Keywords: 3D simulation; Ancient Lighting, Colour Regpition, Low Lighting Levels, Photometric
Calculations

Introduction colour recognition) and sometimes under scotopic
(achromatic) \gion.

In recent years, there has been an increasing interest

in the investigation of the performance of ancient The corresponding lighting simulations of rooms of
lighting devices and the lighting conditions they ancient houses modeled according to the
bring about (For example Devlin €halmers 2001,  archaeological data (Moullou et &012a & 2012b,
Roussos 2003, Dawson et &007, Happa et al. Moullou et al. 2015), have shown that people in
2009, Papadopoulos & Earl 2009, Moullou & antiquity could operate with relative ease at night and
Topalis 2011, Moullou et al.2012a & 2012b, could perform most of their nocturnal activities, with
Moullou et al. 2015, Moullou & Topalis in press) the use of one lamp provided that the lamp was
Among them experiments on copies of ancient Placed appropriately inside the room.

lighting devces, measurements and photometric

calculations that have been conducted at the Lighting Activities that involve colour recognition, such as
Laboratory of the National Technical University of Wweaving are, however, still under investigation
Athens have shown that in most cases the ancientmainly because here is doubt concerning their
lighting devices created very low lighting conditions feasibility under the resulting lighting conditions.
(Moullou et al 2012b, Moullou et al2015). In fact,

the resulting values fall in the range of mesopic The experiments of Pokorrst al. 2006, established
vision (the intermediate level of human vision where a minimum illuminance threshold for colour
there is not adequate visual acuity and accuraterecognition at 0.316 lux. This amount of light
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intensity is achieved with the use of one lamp. Where: L*: is lightness of a colour patchL:

However, Pokorny et alsed samples of greater size luminance deriving from the colour patch (cdym

(5-cmsquare) than the thin threads used for weaving and Ln: luminance deriving from a white point as a

the elaborate cloths of ancient Greece. Therefore, thereference (cd/nf) (CIE Lab colour model).

threshold of 0.316 lux cannot be convincingly Furthermore, the lightness was introduced to the

applied to this activity. colour model of CIE 1976 (Fig.1) for estimating the
colour diference.

While all lighting levels for indoor activities are

given in illuminance values Ix (BSI, 2011) the light Using two colours (L%, a*, b*;) and (L%, a*, b*)

that the human eye perceives Corresponds morethe colour difference is defined by equation 2.

accurately to luminance values (cdym Thus,

luminance can be considered as the main factor for Ag:, = \/(L; — L) + (a5 —a})* + (b5 — b})*

colour diginction. Whereas illuminance is a measure (eq.2)

of how much light is landing on a surface, luminance

is a measure of how much light the eye is receiving Where: L*: is lightness and a,b* the colour

from that surface. coordinates (Figure 1).

This paper attempts to further investigate this issue
by exploring the properties of colour during weaving
at night under the low lighting conditions resulting
from the use of a lamp.

1. Human Vision.

Before we proceed to the calculations it is important
to introduce the reader to the basics of human vision
and most importantly how the human eye sees. The
human eye perceives the visible spectrum in order to
interpret the surrounding environment. Photons of
light are detected by the photoreceptive cells of the
retina. There are two types of photoreceptive cells:
cones and rods. Cones are responsible for colour . o o
perception and there are three different types with Usmg. scotopic vision (no colour discrimination) the

one for each basic colour: red, green and blue. Rodsgduation 2 transforms to:

are responsible for the achromatic perception of

objects in low light. When low light levels occur (< 3 AE = AL (eq. 3)

Ix.) the human eye can’t perceive colours and so uses

scotopic vision via the rods. Above 10 Ix. the human This means that the colour difference is equal to
eye uses photopic vision because of the activation oflightness difference between two sample patches in
the cones resulting in the discrimination of colours. scotopic vision. A barely noticeable diffexee

In the inbetween lighting levels there is an occurs whem\E=AL>3.

intermediate vision aled mesopic when rods and

Figure 1 CIE 1976 colour coordinates.

cones detect light photons (DiLaura 2011). In order to evaluate lightness, a set of 3D simulations
were performed to evaluate luminance values of
2. Methodology colour patches and luminance deriving from a white

point as a referengdain 1989, Fairchild 2005).
In order to evaluate the perception of colours and the
ability of people in antiquity to discriminate them 3. Simulations
under corresponding lighting levels, a methodology
using lightness was performed. Lightness is a relative simulations of the impact of ancient lighting devices
term that means brightnesban area judged relative  gn colours is a complex procedure because many
to the brightness of a similarly illuminated area that parameters and measurements are needed including

appears to be white or highly transmitting. the elements of the lamps, the physical properties of
the rooms, the type of activity under investigation
L*=116(L/Ln)**-16 (eq. 1) and the elements and colours of the examined
materials.
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Lighting simulation allows the researcher to analyse
the lighting conditions inside a room and the 3D
distribution of lighting intensity as well as to

calculate any photometric quantities such as
illumination and luminance inside a predefined area.

In this research, the simulations were performed

using a predefined colour pallet of typical colours

that is used in contemporary lighting analysis, where

the colour samples represent basic colour cates

The colour pallet was placed on a hypothetical loom.

The hypothetical loom was placed in virtual rooms, Figure 3 The selected colours of the predefined
modelled after the rooms of houses in the ancient city colour pallet.

of Olynthus, in which both looms (or indications of

their presence) and lamps were found (Moullou

2013, 25). Taking into account the reflectivity of the Reflectance (%)

surfaces two rooms were selected; Room a of House |Sample coloy Total Red | Green | Blue

A v 2; a room with plain mud brick walls (low 1 29 2.9 2.9 2.9

reflectance) and Rqom a/_b of the House of M_any 2 25 848 0 0

Colours; a room with white plastered walls (high

reﬂectance)_ 3 8.0 21.6 0 34.8
4 4.4 0 11 57.1

Luminance values extractgd from the surface of the 5 62.3 0 84.8 84.8

pallet and the corresponding parameters such as L*

lightness (equation 1) for colour discrimination AE 6 100 100 100 100

(eql_Jatlon 3) were calculated. The result!ng 914 92 100 914

luminance calculations allowed us to derive

conclusions regarding the recognition of colour. 8 %87 | 16 | 571 0
9 48.6 100 32.9 0

3.alnput data 10 255 | 671 | 2 98.7

o _ . 11 91.6 100 94.2 30.8
The lighting data used for the simulations was 12 286 100 0 325

derived from photometric data and calculations Taple 1 The reflectance’s properties of each tested

conducted in the Lighting Laboratory of the colour (Total reflectance and reflectance of each
National Technical Universi of Athens (NTUA) basic colour).

(Moullou & Topalis 2011, Moullouet al. 2015).
The values and properties used were the ones for, .
one lamp (lamp A), with olive oil as a fuel and a 3.2Calculations

linen wick of 1 cm thick and 1 cm free length (the ] . )

length of the wick outside of the nozzle which is USing lamp A, the total average illuminance of the
available forburning) (Fig. 2). The selected colours tested rooms was below Ik (Figures 4 and 5).
of the predefined colour pallet are shown in Figure Meaning that depending on tidividual person the
3. The reflectance’s properties of each tested colour human vision was either scotopic or mesopic.

are presented in Table 1.

Figure 2 Placement of the predefined colour pallet of Figure 4 Photometric results for illuminance values
typical colours in the room with white plastered for room with plain mud brick walls.
walls.
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Figure 5 Photometric results for illuminance values
for room with white plastered walls.

Figure 8 Representation of how the human eye sees
under the given circumstances (Relux Degkto

Under these lighting conditions photometric results 5. Results

from a computer simulation tool are presented in a

different way (Fig. 6) than scotopic vision (Fig. 7)
and how an actual person could see (Fig. 8).

Figure 6 Presentation of photometric results from a
computer simulation tool (Relux Desktop).

Figure 7 Presentation of photometric results from a
computer simulation tool for scotopic vision (Relux
Desktop).

The calculated
Figure 9.

lightness values are shown in

Figure 9 Calculated values of lightness for 12
colours and the two typical rooms and colour
differencesAE.

In the simulation of the room with plain walls the
lightness values of purple (62) light blue (62) and
gold (63) are very close. Also, blue and black have
resulted in the same luminance values: 19 each. The
aforementioned results mean that those sets of
colours would appear the same. Furthermore, red
(67) and pink (70) are s very close with a
difference that might be barely noticed by the human
eye.

The simulation of the room with white walls shows
better results in terms of colour recognition and yet is
no less surprising. In this case the sets of colours that
present practically no difference for the human eye
are purple (68) and gold (66), gold (66) and light
blue (64) as well as red (77) and pink (80).
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6. Conclusions

Moullou D., Doulos, L. and Topalis, F. V. 2015.
Artificial Light Sources in Roman, Byzantine and

The experiments and simulation scenarios show thatPostByzantine  Eras. An evaluation of their

weaving as a nocturnal activity in antiquity was
performed under low mesopic vision (less than 2 Ix)

performanceChronos32: 119132.

for many more. The discrepancy between scotopic Arachne4: 1637.

and mesopic vision is subjective and depends on the

physiology of each human subject.

It is evident that weavers in antiquity would have had
inaccurate colour discrimination. The simulation
results confirm the hypothesis that the discrimination
of the colous of thin threads must have been very
difficult and, in some cases, even impossible. The
results strongly support the fact that the ancient

weaver would not rely on his or her eyes. He or she

would have had to develop excellent mnemonic skills
since all ofthe calculations for the realisation of
patterns would need to be mapped mentally prior to
weaving.
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RECONSTRUCTING ANCIE NT THEATRES ACCORDING TO VIRTUAL
ACOUSTICS ANALYSIS

M. C. MANZETTI

Laboratory of Geophysicéatellite Remote Sensing & Archaeavironment, Institute for Mediterranean
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Hepiigyn/Abstract

Eivar cvyvé mepinhoko va kotavondei kot vo gpunvevtel katt mov avikel oto mopeAbov. vetonr axdpa mo
dVOKOAO OTaV OgV VTAPYOLV OPYOLOAOYIKG EVPNUOTO 1| APKETA GTOXElN MOOTE VO TEPLYpapsl 1 Soun kot m
ypovikn e£EMEN evog pvnueiov 1 apyaiorloywkov ympov. Evtuydg, to televtaia ypdvia, 1 teyvoroyia evicyvel
mv duvatdTTo vo dnpovpynbodv ToTEC aVOKATUOKEVES TOV apyaiov KOGHOL. AV N epyacio mapovstalet
pee véa pebodoroyion mov Ponbd oty TOPAY®OYN OPYITEKTOVIKAOV OVOTAPOCTACEDMV TOV UVNUEIOV HE HEYOAN
okpifela. H eikovikn akovotikn avdivorn tov Popaikod Bedrpov g I'optuvag, otovg Kalvédeg, avadekviet
OTL 1) SOKIUN TNG TOLOTNTAG OKOVGTIKNG EIVOIL OOPAiTNTN Y10 TNV EMKVP®GON VIOBETIKAOV OVAKOTACKELDV. G €K
TOVTOV, UTOPEL VO POVEL YPOIUN GTO VO EPUNVEVCEL GMOOTO TNV OPYITEKTOVIKY doUn TV KTnpimv, 0Tov 1
OKOVOTIKY 0moTteAel Oepelmon Truym.

The interpretation of the past is even more difficult when there are not archaeological remmaihgmough
evidence to describe the structure and the time evolution of a monument or an archaeological site. Luckily, in the
last years, technology enhances our possibility to create more faithful reconstructions of the ancient world. This
paper present: new methodology that helps to produce more accurate architectural reconstructions of
monuments. The virtual acoustics analysis of the Roman theatre of &atyKazinedes, highlighted that the

test of the acoustics’ quality is essential to validatgoltyetical reconstructions. Therefore, it can be helpful to
correctly interpret the architectural structure of buildings where acoustics is a fundamental aspect.

Keywords:RomanTheatresGortyna Virtual AcousticsAnalysis 3D models

Introduction some architectural parts of some theatres of the
ancient world. From his studies, he concluded that:

Greek and Roman theatres are vielbwn for their e the retaining walls gnalemmata) of the cavea

exceptional acoustics, which intrigues many protect from the wind and external noises;

archaeologists but also specialists of acoustics sincee the wall of the scene building and the floor of the

many years. In the %1 century BC, Vitruvius orchestra are reflective surfaces;

dedicated one section of his work to the acoustics of e reliefs, statues and niches have the function to

the ancient theatres. He distinguishes four kinds of  diffuse late reflections;

roomwhich influence the acoustics in different way: e often, the roof creates late reflections, which have

desonantes where the first sound obstacles the a negative impact on the acoustics;

following one circumsonanteswhich creates sounds o parodoi absorb the sound on the sides to avoid

of indistinctive meanings; resonanfeswhich the echo.

produces echo; and consonantesere the words

are distinct ad clear in tone (Morris 1914). This |n the following years, only single and shortdapth

description demonstrates the wide knowledge the studies about the acoustics of the most famous

Romans had about acoustics and we can assumeheatres (Epidaurus, Pompeii, Ostia, etc.) appeared.

theatres were built aiming to obtain a consonant |n 20032006, the ERATO project (Identification,

space, the best one according to Vitruvius. Evaluation and Revival of the Acoustical Heritage of
Ancient Theatres and Odea) has stimulated a

The first scientific detailed search about the study concrete interest in this topic.

of the acoustics of ancient theatres is dated to 1967

(Canac 1967). Francois Canac carried out real Above all, the acoustics of several theatres

acoustics measurements in some of the best(Aspendos, Aphrodisa, Jerash, Syracuse, etc.) have

preserved theatres (such as Aspendos, Orange, Arlesheen virtually analysed through the creation of 3D

Ostia, etc.) and together with somabdratory models and the software Odeon Room Acoustics,

analysis, he tried to discover the acoustics’ role of produced by the Danish company Odeon A/S (Rindel
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& Lisa 2006). One of the studies within this project between them is a signal of good or bad diffusion of
was about changes in the acoustic characteristics inthe sound. Previous researches about-kvevn and
relation to architecturainodifications. The analysis well preserved theatres (Aspendos, Epidaurus,
was carried out virtually with regard to the theatre of Jerash) demonstrated that usually, in egien
Aspendos and to the oafe of Aphrodisia (both in  theatres,the difference between T60 and EDT is
Turkey), with the additional aim to review Canac’'s between 0.2 and 0.4 seconds (Gade & Angelakis
theories (Lisa et al. 2006). Furthermore, the project 2006).
has demonstratedhe utility of virtual acoustics
analysis of ancient thgas in order to plan a Clarity (C80) represents the comprehension of single
reutilisation of those spaces (Vallet et al. 2006). sounds within a complex signal. It consists of the
More recently, the Odeon of Pompeii has been ratio between the energy (of the sound) that arrives
virtually reconstructed and its acoustics have beenwithin 80 milliseconds (the direct energy plus the
analysed. It has been demonstrated that there is a loenergy of early reflections) and the energy that
of information to be obtained through this arrives later. If the energy of the late reflections is
methodology about the quality of the sound in this higher than the energy of direct sound and early
space (Berardi et a2016). reflections, clarity, which means comprehension, is
not good. We have an appropriate clarity for speech
This paper aims to show how virtual acoustics when its value is equal or greater than 3dB.
analysis of ancient theatres not well preserved canDefinition (D50) indicates the level of clarity of the
help validate the interpretation of their remains, and speech, the ease for the listener to understand the
to improve the reliability of their 3D architectural message of the speaker. The index of D50 is the ratio

reconstructions. betwveen the energy that arrives within the first 50
milliseconds (direct sound plus early reflections) and
1. Theoretical aspects and case study the remaining energy of the signal. Also in this case,

the first energy has to be superior to the late energy
The software Odeon Room Acoustics, allows to in order to have an acceptable quality of the acoustics
virtually analyse the acoustic characteristics, and for the speech. The value of D50 has to be higher
therefore the acoustics’ quality of a reconstructed than 0.50 (by definition it is included within O and 1).
room in a 3D environment (Christensen &
Koutsouris 2013). The sound is charactexs by
three components: direct sound (it is the one that
travels on a straight line from the speaker to the
listener), early reflections (reflections that arrive
within 30 millisecond after the direct sound, they
improve the quality of the sound) and late reflections
(they arrive after 30 milliseconds from the direct
sound, they can have a negative impact on the
acoustics).

Odeon Room Acoustics measures the impulse
response (which contains information about the
sound received) for each receiver placed in the 3D
space, in order to obtain the values of some
parameters that give information about the acoustics.
The evaluated parameters in this research are:
reverberation time and early decay time that are
connected to the reverberation of the sound, clarity
and definition that are related to energetic criteria,
and finally, speech transmission index that it is about
the spokennitelligibility. The reverberation time is
the time a sound takes to decrease by 60 dB after it
stops (T60); for speech performances, the ideal value
is around 1 second. The first 10 dB of decay (early
decay time, EDT) are also important to consider
becausethey represent the subjective perception of
the reverberation, which is related to the feeling of
how much these reflections annoy the listener.
Furthermore, EDT indicates the diffusion of the Figure 2 Survey of the remains of the theatat
sound: in an ideal environment, it should be the sameKazinedes by Montali (with permission from the
as T60, but it is usually little lower and the disparity author).

Figure 1 Ortho photo of the area of the theatre at
Kazinedes, Gortym(Google Earth).
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Figure 3 Reconstruction plan of the theatre at Kazinedes by Montali (with permission from the author).

Figure 4 Reconstruction section of the theatre at Kazinedes by Montali (with permission from the author).

Speech Transmission Index (STI) establishes The case study object of this research is one of the
objectively the quality of level of spoken, calculating Roman theatres of Gortynahe one identified at
the combined effect of background is® and Kazinedes. Its remains were initially interpreted as
reverberation on the intelligibility of the speech. an amphitheatre but the discovery of the latter during
When there are no interferences on the characteristicgshe 1990s suggested that the initial hypothesis about
of modulation of the signal, there are suitable the identity of this structure should becoasidered.
conditions of intelligibility. Values of STI between It has been recognised that the shape of the remains
0.60 and 0.75 are good; greater than 0.75 areindicates a large theatre, probably dated between the
excellent (Spagnolo 2008). 2"and the % century AD.
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This theatre has not been extensively excavated butit hypothesis by Montali (Figs. 3 and 4).

has been investigated through a couple of trenches2. The first 3D model has been modified. The
and some remains are still visible (Fig. 1). Montali passages at the sides of the stage have been left
(2006) conducted a thorough archaeological study of  open: the columns have been removed, while the
this  monument (Fig. 2) and proposed a stairwells and the basilicas have been moved
reconstruction based on the available information slightly back (Fig. 5). This reconstruction
and on comparisons with other theatres of the same hypothesis is justified by the absence of visible
period. In the proposed plan (Fig. 3), we see the remains of a structure in this area, as noticeable in

cavea divided into three sectorsn§, media and
summa cavea), with ten vomitoriggo allow the
entrance to the spectators and withaatico on the
top. Thescaenae frondas three entrances for the
actors, a central sernircular niche plus two

the satellite image taken from Google Earth and
in the plan of the survey (Figs. 1 and 2).

. The second 3D model has been further modified:

the portico in summa cavea has been removed
because no traces of it have been documented

rectangular niches on the sides, and two stories of
columns. Montali also added stairwells and basilicas
at the sides of the scene building.cAcding to him, All 3D models have been imported in, and analysed
the diameter of the cavea is 91 meters and thethrough, the software Odeon Room Acoustics
diameter of the orchestra is 20.7 meters. (version 9.2 Combined) in order to obtain
information about the acoustics of these possible
reconstructions. The compared examination of the
obtained results for each parameter indicating the
Three different 3D models of this theatre have been acoustics’ quality of a roomr60, EDT, C80, D50,
elaborated through the software 3D Studio Max STI) has allowed to establishhigh reconstruction is
(version 2016). the most reliable and accurate, and therefore it
permits a better knowledge of the architecture of the
Roman theatre of Gortynaat Kazinedes.

(Fig. 5).

2. Methodology

1. A 3D model represging the reconstruction

Figure 5 Representation synthesis of the hypothetical reconstruction proposed by Montalelldhelipes
indicate the architectural pathat have been modified in model numbers 2 and 3.
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Figure 6 Plan of the 3D modehumber 1 of the theatre at Kazinedes, Gatyilus source and receivers in
Odeon Room Acoustics Software.

Figure 7 Sectionof the 3D model number 1 of the theatre at Kazinedes, Gopnpjus source and ree@irs in
Odeon Room Acoustics Software.

In Odeon there are important settings to be checked.energy that propagates in the area and, in this way,
First of all, a boundary box must be built all around they influence the quality of the acoustics. The
the model, because Odeon works only with closed materials used are marble (floor of the orchestra,
rooms. In order to give the effect of an om@n-  columns, scene building decorations), porous stone
theatre it is important to give a total absorption to the (pedesta of the scene building) and brigkwall of
surfaces composing the box. Then, it must be the scene building and converging wall of the cavea),
checked that the model does not have any hole, itaccording to the information given by Matit

must be watertight so as not to lose rays emitted by

the source. Another fundamental step the In addition, the material “audience” has been added
assignment of the correct material to each surface ofto the seating area in order to better simulate the
the model: the absorption coefficients of the acoustics during the performances. A source
materials in the room influence much of the sound’s (representing the actor) has been placed on the stage;
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22 receivers have been located in three radias in e Model number 3: 3%

the seating area, covering only one half of the cavea

(being symmetrical it is not necessary to put It is additionally evident that the first two
receivers also in the other half of the seating area), 75environments could be problematic as regards a good
centimetres above the surface of the seat because thisomprehension of the speech during a performance,
should be the height of the eyadéof a seated man  while the third room has a very low pentage of

(Figs. 6 and 7). “error”.

3. Results T60 EDT C80 D50
125 Hz 1.66 1.55 2.66 0.52

Odeon measures the response of the receivers at eaghog5o Hz 15 1.08 457 0.61

frequency from 63 Hz to 8000 Hz, but only the range | 500 Hz 1.34 0.8 6.11 0.69

from 125 Hz to 2000 Hz has been considered in this[ 1900 Hz| 1.28 0.79 6.12 0.69

study because these are the frequencies| 2000 Hzl 1.18 0.76 6.4 0.70

understandabldy the human ear. Once the results Table 2 Average values of T60, EDT, C80 and D50,

were obtained, the average values for all the obtained for the model numbereach frequency.
receivers were calculated at each frequency, for each

parameter, in order to have a clearer overview and to
help in the interpretation of the data. The results are 3 T60 ED'|2' C80 D50
assessed with regard to the ideal values of the above 125 Hz 1.34 1.1 3.83 0.61
mentioned parameter6l60, EDT, C80, D50 and 250Hz | 1.14 0.79 6.26 0.71

STI) for speech performances because the Romar} 200 Hz | 0.93 0.66 8 0.77
theatres were generally used for this kind of | 1000 Hz| 0.86 0.65 8.07 0.77
exhibitions. 2000 Hz| 0.82 0.73 8.37 0.77

Table 3 Average values of T60, EDT, C80 and D50,
The tables constitute informative documenkmut obtained for the model humb&rat each frequency.
the average values of the considered acoustics

parameters. In red colour are indicated those results STI
that exceed the recommended values. Already from
the synthesis of the results which is proposed in the Model 1 0.66
tables, it is possible to observe that in thet ftwo Model 2 0.65
models we have some issues with the reverberation
time and with the clarity (Tabs-2). Furthermore, in Model 3 0.77

both models, the difference betweerOrand EDT
occasionally exceeds 0.4 seconds (indicated by the
light blue colour in the tables). We have no _
anomalous values regarding model number 3 and it isConclusion and future works

also possible to observe that clarity, definition and ) ) _ _
speech transmission index have increased, a factAccording to the virtual acoustic analysis the
which indicates an improvement in the hypothetical reconstruction proposed by Montali
comprehension of the sound in such a context (Tab.(model number 1) is not the most accurate.
3). The ST is good in all reconstructions, but it is Reverberation time is too elevated at the-loiddle

higher, and therefore better, in the third model (Tab. frequency (125 Hz, 250 Hz and 500 Hz) for some of

Table 4 Average values of STI for each model.

4). the receivers. This does not allow a perfectly clear
comprehension of words and, more generally, of

T60 EDT c80 D50 speech, since claritynd definition are too low in
125 Az 171 157 518 0.50 some seats. In addition, the difference between

reverberation time and early decay time is higher
250 Hz 1.51 1.16 4.28 0.61 than 0.4 seconds at the mhidyh frequency (5084z,

500 Hz 1.39 0.96 6.23 0.70 1000 Hz and 2000 Hz) and denotes a problematic
1000 Hz| 1.32 0.89 643 | 0.71 distribution of the sound.

2000 Hz| 1.26 0.77 6.87 0.73

Table 1 Average values of T60, EDT, C80 and D50, It has been demonstrated that small changes in the
obtained for the model number 1 at each frequency. structure of the scene building (model number 2) do
not generate substantial improvements in the quality
In order to better compare the three reconstructions,of the acoustics. Fewereceivers perceive a high
the overall percentage of the “not acceptable values” reverberation time and consequently they have

has been calculated for each one of them: higher clarity and definition, but still many of them
give altered values. Instead, the removal of the

e Model number 1: 17% portico in summa cavea from the model number 2

e Model number 2: 13% (model number 3) has allowed several substantial
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improvements in the quality of the acoustics. The Canac, F. 1967. L'acoustique des théatres antiques.
reverberatiortime is lower, namely around 1 second, Ses enseignementsParis: Editions du Centre
as it should be for optimal speech performances, National de la Reserche Scientifique.

because of the removal of the surfaces of the portico, . )

which create late reflections. Consequently, the Gade, A. C. andAngelakis, K. 2006. Acoustics of
values of clarity, definition and speech transmission ancient Greek and Roman theatres in use today.
index are higher, indicating a much better Journal of Acoustical Society of Amerid20(5):

understanding of speech. 31483156.

The present research has proved that virtual acousticLisa‘ M, Rindel, J. H., Gade, A. C. and Christensen
P P . L. 2006. ‘Acoustical computer simulations of the

analysis can be useful for a deeper understanding of_" - . .
: ancient Roman theatres’, iRroceedings of Erato
the architectural structure of the Roman theatre of . oo o .
Gortyna at Kazinedes. Obviously, thianalysis can project symposium: Audio visual conservation of the
! ' ' - architectural spaces in virtual environmeridited
be applied to other theatres and to other buildings - }
by S. Erdogan, pp. 20-26. Istanbul: YTU Faculty of
reserved for performances as well. In doubtful cases

it can be also used to determine if a monument WaSArchltecture.

able to host speech performances or music christensen, C. L. an&outsouris, G. 2013. User
exhibitions. The results of this study opevew  Manual. Basics, Industrial, Auditorium and
questions: is virtual acoustic analysis enough to combined edition. Lyngby: www.oden.dk. Available

determine the architecture déstroyed monuments, gt http://www.odeon.dk/pdf/ODEONManual12.pdf/
or is it only a validation tool? If the present Accessed 19 July 2017.

reconstruction hypothesis based on virtual acoustic

analysis is correct, which theatres can be coatpar Manzetti, M. C. 2016. 3D visibility analysis as a tool
to it in order to know more about building techniques to validate ancient theatre reconstructions: the case
in the Roman Empire? Further analysis will be of the large Roman theatre of Gortyn. Virtual
applied in order to verify once again the Archaeology Review/(15): 3643.

reconstruction proposed by model number 3. Such ] ] ]

3D visibility analysis can help the detection of Montali, G. 2006. Il teatro romano di Gortina.
architecturalelements impeding the visibility of the ~Padova: Bottega D’Erasmo.

Ztglf; from the spectators’ point of view (Manzeti Morris, H. M. 1914.The ten books of architecture,
' translation ofDe Architecturaby Vitruvius (ca. 15

AD). Harvard: University Press, London: Humphrey
Milford, Oxford: University Press.

Virtual acoustics analysis enhances the interpretation
of monuments with few surviving remains. It adds

fundamental _qurmatlon abqut those monuments Rindel. J. H. andLisa, M. 2006. ‘The ERATO
where acoustics is an essential aspect, and thanks tg

these data, plus other basic architectural knowledge broject and its contribution to our understanding of
o ' P °ag 'the acoustics of ancient Greek and Roman theatres’,
it is possible to reconstruct a more realistic

representation of theatres, odea and other bwldmgs'r.] Proceedings gf Erato project Symposium: AUd.'o
: visual conservation of the architectural spaces in
used for public performances. As we know, _. . . -
: . virtual environmentEdited by S. Erdogan, pp. 1-10.
archaeology i general, and the reconstruction of . .
) . ; Istanbul: YTU Faculty of Architecture.
monuments more in particular, require the

application of several methodologies and techniques
in order to achieve sound conclusions. Virtual
acoustics analysis, combined both with innovative
and traditional instrumentsis able to push the

envelope of reconstruction approaches further and
produce data which are helpful enough to improve
our knowledge about the missing parts of
architecture of ancient buildings, and to verify the
presence of porticos, windows, corridors and roof
that is all these elements that influenced acoustics
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YHO®IAKH ANAKATAXKEYH AITEIQN ABA®HX KEPAMIKHX ME
OQTOI'PAMMETPIA KAI TH MEOGOAO AIATOMHX ITAXOYZX
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Hepiiqyn/Abstract

H ynmowxkn avaxotaokevn evoc Opavspuévon KepoUKoy ayyelov amd pio apyoloAoyiky avackoen, eivatl éva
avoktd Kot cvvBeto mpoPAnua, To omoio e&akolovbel vo amacyoAel €viova TNV TAyKOGLIN ETIGTNOVIKN
kowotnta. H migiovotnta tov péypt onuepa mpoTelvouévey HeBOd®mV Yo TNV YNOWIKN OVOKOTOOKEDT] EVOG
Kepopkov ayyeiov, Pacifetar kupimg oto eEMTEPIKA YAPAKTNPIOTIKA TOV Bpavcudtmv (06TPAK®V), To omoia
oG emnpedlovtal oNUAVTIKA oo TN BOPE OV €YOVV VIOGTEL GTO MEPAGLLL TOV QLOVMV. TNV CUYKEKPILEVN
EMOTNUOVIKT gpyacia, N dadikacio TG avakoTaokevng Paciletol og o evied®g vEn, S0POPETIKT Kol T
ac@oA 10€a, M omoia dev avalntd TANpoeopiec otlg eEmTepkég empdveleg TV Opovopdtov, AL
YPNOILOTOIEL HETPNOELS TAYOVS MO TO €0MTEPIKO TV ootpdkwv. H véa ynelaxn pébodoc, emoinbedeton
MEPOUATIKA He TN xpnon texvoroyimv orxung (3A I'pagikd) oe Opavcpata avbeviikdv apyoinv KepUHIK®V
ayyeimv, kabmg Kol 6e GUYYPOVA, KATAGKEVAGUEVO GE TPOYO, XEWPOTOINTA AVTIYPUPO KEPUUIKDY OyYEI®V.

The reassembly of broken archaeological ceramic pottery from its fragments (called sherds oy isstlaca

open and complex problem, which remains a scientific process of extreme interest for the archaeological

community. All the solutions suggested by various research groups and universities so far, depend on external
characteristics of sherds. All these methods suffer from problems caused by external wear and decay of the
material during the exposure in soil. In our approach, the reassembly process is based on a new, different and
quite fail-safe idea, since it focuses on thickness information encapsulated in the inner part of the sherds. The
new digital 3D method is being verified in various case experiments, using eettijegtechnologies such as 3D

representations and precise measurements on surfaces from the acquired 3D models.

Aéerg Kierdia: Awropn mayovg, Ootpaxa, Potoypappetpio

Ewayoy

To 0éua ™G YNEWKNG OVOKOTOOKELNG €VOG
Opavopévou ayyeiov, apyaoloyucold evolupEPOVTOG,
glvar  éva  ovowktd, oOVBeTo KOl TOAVTAELPO
TPOPANLLO TO OO0 ATAGYOAEL EVTOVA TNV TAYKOGHLOL
gmomnpovikr]  kKowdtrta.  Kdbe  apyaioloywn
aVOoKOQ, (EPVEL TOVTOYPOVO OTO (MG TOAAEG
EKOTOVTAOES N GKOMO. KO YIAAOES IKPE KEPOLUKE,
avtikeipevo (ta Aeyopevo Ootpoka), to omoic Oa
TPOGPEPOVY  TAOVOLNL  OVOCKOPIKE GUUTEPACLATO,

WotnTeg Kol o KaB1oTd Wioitepo avOekTiKd GTO
xpévo ko T @Bopd. H a&loa kot to mAnboc tov
TANPOPOPLOV TOV UETAPEPOVY, Yopilel dikaimg oTa
OCTPOKO, TOV TITAO, TOV KaldTEPOL dlaKkouIoTH
TApoopicHy amd TV apyaio emoyn £mG TIG NUEPES
HLoG.

H mleovomra tov pebddov mov péyxpt onuepa
wpoteivovtol amd S18popeg ePELVNTIKES OUAdES KOl
TOVETICTAILOL Y10 TV YNOLOKY OVOKATOOKELT £VOG
Opoavopévou kepaukod ayyeiov (Cohen et al. 2010,

Filippas & Georgopoulos 2013, Goldberg et al. 2004,
Huanget al. 2006 Mara 2006, Karasik & Smilansky
2008, Kampel & Sablatnig 2003, Kampatlal. 2005,
Kampel et al. 2006, Papaioannou et al. 2001,

oAl kvpiog Ba ddoovy TNV SLVATOTNTO GTOLG
pPYOLOAOYOVG VO XPOVOAOYNOOVY UE OOQAAELD TNV
OVAGKOPT|.

Eivon emiong yvootd 61t avtd to pukpd aviikeipeva,
dev OmOpOKPUVOVTOL OO TO OMUEI0 TOL EMEGOV KO
oov HIKpol mamvpor, SlaTNpovV  EMAVEO  TOVG
OVOALOIWTEG OTO TEPAGHO TOV MOVOV, GGPNOTES,
povadikég mAnpoeopiec. H gdon avtdv tov pikpov
KEPOLUIKAOV  OVTIKEWEVMV, BAon TV  TEGCAPOV
otolelmv mov ypetdfovtor Yo TNV KOTOOKELT TOVG
(xopa, vepd, pOTIA Kol 0€POg) TOVg divel LOVOIIKEG

Papaodysseuset al. 2008, San et al. 2013),
Boacifovtor oto emTEPIKA  YOPOKTNPIOTIKA TOV
00TPOK®V (YOVIEG KOl KOUTOAES OTO TEPIYPOLLLLD,
TA{POCHO  OTMACHEVOV — ETLPOVEIDY, YEMOULTIKES
amooTaoel;, ypopata, Bépo ayyeiov, k.Am.). Ouwg
OAEC OVTEG O TEYVIKES OOVVATOVV VL AELTOVPYNCOVY
OOTEAEGLLOTIKA OTIG TEPUTTMCEL;, OTOL TO VAIKO
£xel vrootel eEmtepikég eBopég N ammdAeleg and 1o
TEPAGLOL TOV XPOVOV.
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Ewéva 1 Mépog tov epyactnplakol e£0mAcoD.
1. H pé00oog dwarouris layovg

H pébodoc mov mpoteivetal o autiv v gpyacio
Poaciletor oe €vav SOQOPETIKO Kol EVIEADS VEO
ovAloyioud o omolog pmopel  va  Bewpndel
TEPIOCOTEPO  AOPAANG, KabBdg dgv  avalntd
eKpeTaALEDOIES TANpOPOPiEg GTO £EDMTEPIKD, EMAV®
N Y0p® omd t0 OGTPOKO, AslTovpyel aKOO Kol OTOV
pépog amd 1o vAkd Tov ayysiov €xer yobei, dev
empedletol omd v mapovsio Kotmeiiov eBopdg,
dev AopPdvel vmoyn 1o Oépa, Ta ypodpoTo M TA
YEMUETPIKA  YOPAKTNPIOTIKA TOL oyyeiov, OALG
YPNOIUOTOLEL OMOKAEIOTIKG Kol UOVO TANPOQopieg
oL €£aKOAO0VOOVV, TOPOLO TO TEPAGLA TOV ALOVAOV,
va dtotnpohvTal PE AGQAAELN LEGH GTO OGTPOKOL.

H véa pébodog Paciletor otnv avalnmon, e&ayoyn
KOt ¥PNOLULOTOINGT OA®V TV TANPOQOPIDV TiYOVG
mov umopel va d100étel 610 €0MTEPIKO TOL KAOE
ootpaxo. Ot mnpogopieg ovtés, oav o
ovveyopuevn axkoAiovbio apBudv, pmopovv  va
ta&wvounBodyv, va cvykpBodv Kot va dOCOVV o
OAOKANPOUEVT KOl IKOVOTIOWTIKT) AVGT) GTO OVOIKTO,
MEPITAOKO KOl TOAOTAELpO  mPOPANUe  Tng
OVOKOTOUGKEVTG 1) AVOCLVOPHOAOYNONG EVOG apyaiov
OTOOUEVOV KEPOULKOD ayyeiov OV £YEL dloY®PIOTEL
og Koppdrio, Toyaiov peyeddv ko oynudrtov. H déa
Booiletor kvpiwg o©T10 Yeyovog, OtL KoBDS O
KEPALOTOLOG TEPLOTPEPEL TOV EVTANCTO TNAO GTOV
TpoYO Yo vo. dMCEL oYNUO 0TO ayyeio, onpovpysel
TApAAAN e KATOL 10104TEPO YOPAKTPIOTIKA TAXOVG
T omoio pmopolv  va  aviveLTOLV KOl Vo
xpnoomomBoly yia v ETIAVGT TOL TPOPANLOTOG.
KdéBe xatackevn evog Kepaptkod oyysiov og tpoyo,
apyiler amd v Paon, cvveyilel oto Kvping chua
Kot KotoAnyet oto Aopd kot to xeilog (Toby 1999).
Avt 1M oTadloKn KOl TPOG TA EMAV® Kivnon Tov
YEPLOV TOL Kepapomowov, ot Hdlo Tov 7TNAOD,
dnpovpyel o cuyKeKpévn SloTtopn TAYoLS M
omoio. pmopel va avyvevtel KobBmG OlopEpel e
amoivtn PePotdotnTo omd onueio oe onueio, amod
VYOG o€ VYOS Kot otk amd ayyeio o€ ayyeio.

n evBuypdppon
Kot n kGBetm Topr

Ta {yvn Twv SaktuAwy:
TOU Kepaponooy

Ewéva 2 H gubBuypdppion evog ootpdicov.

Ewova 3 Enelepyacio tov 3A ynelakod poviérov.

H Swtopn avtn dnpiovpyet v ewdva pag Sopng M
omoion potdler pe e otoifa amd opilovria
OOKTUAIOW,  OLYKEKPEVOL  TOXOVE TO.  OToio
AVEOLELDVOVTOL GE GYECT] LLE TO VYOG TOv ayyeiov,
KaBdG To SAKTLAL TOV KEPALOTOL0D TELOVV TPOG TAL
éEm  «dwotéhlovtacy Tto  ayysio Kot Gpa
Aemtaivovtog tov A6 1 avticTolya, TELOVTS TPOG
T péca  «ovoTéEAAOLV» TO  ayyeio, KAvOvTag
Ta0TEPO TOV TMAO 670 onpeio avtd. Akpipdg ot
LT TNV 1010TNTO TOL TNAOV VO OTOKTO KOl Vo
Stnpel avoAloloto ovTtd To SOKTLAISIOL TTéyOoLg
Boaciletaw 1 uébodoc Awarowic Idyovs (the
ThicknessProfile method.
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Ewova 4 To mévte yvootd yertovikd 6otpoKa, To PUato TS oladtKacsiog Kol T0 TEMKO ONTIKO OTOTEAEGLAL.
TNo v mepapoaticn a&loAdynon, yP1CLOTOMmMONKE avTiypapo amd £va GOYYPOVO YEWPOTOINTO KEPOLKO.

ZOoppovo pe ™ péBodo ovth, 0mol0dNTOTE KOUUATL
evOg omaouévou oyyeiov dtabétel oav adidyevotn
oppayido 010 €0MTEPIKO TOV, EYKIPOTICUEVES KoL
«TAYOUEVEG) GTO YPOVO OVTEG TIG TANpopopies. Edv
avtq N otoifa amd SakTvAidla mhyovs, dnuovpyel
Y. OAOKAN PO TO Oyyeio KATOEG GUYKEKPUUEVES KO
OAOKANPOUEVES OLOTOUEG TTAYOLS, €ival AOYIKO va
vroBécoupe 0TL KB 6GTPOKO pUTopEl Vo Tanpldlel o€
KOmolo  cvykekplévo omnpeio g otoifoc TV
SOKTLVAMOIDV KOl Gpa 6€ KOmOwo onpeio, Kamolog
GUVOMKNG O0TOUNG TAYXOVS, €VOG GLYKEKPYLEVOL
ayyeiov. H pébodog epappoletar oe tpia otdda: i)
gvBuypdupon (Ewova 2) kor dnuovpyio tov 3A
YNOLKOV LOVTEA®V oo KdBe 6GTpaKo, [e neBddovg
ootoypappetpiog (Euwova 3/a), ii) n eayoyn g
KOADTEPNG KABETNG TOUNG Ao TO WYNOLOKE HOVTELD
HE KOTOAANAO TPOGAVOTOAGUO €VOG KATAKOPLOOL
emnédov (Ewova 3/ kot Ewodva 3/y) kou iii) M
VITOAOYIOTIKY] O10d1KOGT0 TPOKEWEVOL VO, EMITEVYOET
plo  tomikny  PéAtiotn  evbuyphppon  omd T
LLEYIOTOTOINGT TV  OMOTEAECUATOV  TOLPLIGLLOTOC
peta&d ootpdkov (Ewdva 4/5, Ewdva 4/e ko
Ewova 4/0).

1.a H dnpiovpyia tov 3A ymoroxdv Loviémy

KoBdc eivor oamoidtedg avaykaio yw  TOLg
apyaodoyovg va dtapuAaybel m akepoldTNTO TOL
VAIKOD, YPNOOTOIOVHE To 3A YNELOKE avTiypoea,
eEakeipovrag mANpwg Kabe kivouvo TpoKANGNG
Brapav yia ta id1a ta 6cTpoka. e va epapudcovpe
mv pébodo avalntape apyikd ce Kabe GGTPAKO pia,
KGBetn Toun péC® TNG OMOIOG OVOUEVOLUE VO
eEdyovpe T peyoAddtepn duvart) Satopn Tyovg.
lNo 10 okomd avtd evBvypoppilovpe 10 KAOE
OGTPOKO YPNOLUOTOIDOVTOS Lo TAGKO ETTEGOTNTAG,
€vaL GET TAUKAV TOPIAANAIGHOD, dV0 EPYACTNPLOKE
laser kot po mAateoppo pikpoot)piEng (Ewodva 1).
Ta 800 gpyaoctnplakd laser ta onoia eknéumovv cg
OGN OTALPOVAMOTO KOL €XOLV TNV duvatdtnto
€0TIOKNG pLOUIONG, TOTOOETOVLVTAL OVTIKPIOTH KOl
TapoAANAILovTol £T61 DGTE TO SVO GTAVPOVILLATO VO
gubuypappilovrol amdivto otovg dEoveg X,Y ko Z
(Ewova 1). To kdbe oOotpaxo Ttomobeteiton Kot
wpocavatoAleTtal ovAaUESH OTIG OVO OECUES OF
oxéon pHe 10 €0MTEPKE oploviia iyvn omd Ta
dductvra Tov kepapomnotov (Ewodva 2).
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‘Etor amoktd tpion pukpd onuddie omd HoAvPt 1
€0 avtokoAAT) towia (Ewdva 3/y/apiotepd)
OV AVOTOPIOTOVV TN Béon ¢ 1Wavikng Kabetng
Topns. AkoAovBwg To kb dotpako, Tonobeteitan o
po otaepn Pdon kol potoypaeileTal TovopoKAL,
oo KOVTIVY] 0mdoTacT], Omd OAEG TIG TAEVPEG KOl OO
TOAEG dropopeTikég onTikég Ywvies (Ewdva 3/a). To
omotéleopa, Yo ke dotpoko, eivar €va chVoro
and 30-50 pwtoypopiec 10 onoio LETOTPEMETAL GTO
moto 3A ynoewxd poviédo (point cloud/mesh) péow
evoc hoyiopikov eotoypappetpiog (Ewova 3/B).

1.p H e&ayoyn tov dtoatopmv méyovg

Eivor moAd onuoviikd amd «dbe dotpoko, vo
avivevoovpe TN peyolvtepn kafetn topn kabdC
avt] Oa  pog ddosl Kol TG TAOLOLOTEPEG
mnpopopiec mayovg (Ewova 3/y/8e&udr). Mo, peyddn
dwtopn mayovg Oa avénoel, ot CUVEXEWD NG
dwowooiag Tc  wOavoéMTeg  emtvyicg TGOV
OVTIOTOLYICEMV HECH KOADTEP®V TAUPLUCUATOV. TO
o110 NG Eay®YNG TOV SLOTOUDV Ao TO OGTPAKO,
TPOYULOTOTOOVHE OElyPaToAyieg Tayovg avd €va
yiootd (Ewdveg 3/8 ko 3/¢).

1.y H ene&epyacio tov datopdv mayovg

AxolovOdvTag To TPoNyovUEVO OTASW Kol HECH
pog  vmohoylotikng  dwadikaciog m péBodog
dnpovpyet vmoyno  TOPLACHOTA  avalNTOVTOG
Tomikd Bértiota. AwucOntikd, ovtd oaviiotoryel oe
pio  Tpoomdfell VO «EVOMUOTMOCOVUE»  LIKPEG
SlTopéc TAyovg WHEcH of PEYOADTEPES OLOTOWEG
mhyovc. ZTOYXOC €ival, 0€ OOTPOKO «0dNyovs» va
otolfdovpe  oTOdKG TEPIGCOTEPO  SOKTLAIOLL
Tayove Kol Gpa vo SNUIOVPYHCOVUE UEYOADTEPES
tomikég  Owtopég  mayovg,  awéavoviag  TIg
mBavoteg va topla&ovpe Kol Kamowo oamd T
VITOAOUTO OOTPUKO GTIG COOTEG TOVG BEoElC.

Apyd, ta LeyoA0TEPA OGTPAKO OTOKTOVUV TOV POXO
TOV «0dNyov» Kot Kabmg 1 dradikacio Oa mpoywpd,
o O0oTpaka «odnyol» Oa amokToOV TEPIGGOTEPQ
SOKTLAISIOL AoV Ko Gpo TEPIOCTOTEPO KOWUATIOL
Bo toupralovv peta&d TOVG dMUOVPYAVTOS Eviaia
LETA-O00TPOAKO, and TIG aEAVOLEVEG SLUTOUES TTAYOVG
(Ewova 4/y). H avalntnon tov 1doavikd KaAdTeEPOL
vrofetikod taupldcpotog Ba umopovce vo Ppebet
poévo oty mepInTmon mov dVO SATOUEG TAYOVG
taipalav amdivto petafd Tovg Kot 1 akolovBia
apOUdV, evog HKpoL 00Tpdkov PBprokdtay akpiPag
(avtovolo) kdmov péco, otnv  okoAovbic TV
oplBudv evog peyaldtepov ootpdkov. H amdAivtn
ovtn tavTtion o frav duvoary UOVO GE Uid WO0VIKN
MEPIMTOON KOl Oyl O  TMPAYHOTIKO OESOUEVA.
AlMoote 1 pébodog Paciletor meplocdTEPO OTO
m0og ToV petpnoe@v kot Aydtepo oty akpifeia
TOV LETPHOE@V. G €K TOVTOV, 1| dtadikacio avalnTtd
™V EMTEVLEN TOV KAADTEPOV «OKOPY, LE TIC AMYOTEPES
SPopég oTIg TEPIOTHTEPES SVVATEG GLYKPIGELS.

Kolotepo «okop» opiletor 10  dbpowopa  toV
AmOADTOV SPOPAV, OVALESOH OTIG TEPICCOTEPEG
duvatéG oLYKPIoES TAYXOVS HETOED SVO OGTPAKMV.
¥10 onueio mov €yovpe TO KOADTEPO OMOTEAEGLO,
Umopovpe vo cvumepdvovpe Ot PPloKOUACTE OE
taipraopa. H pébodog Awarounc Ildyovs, sivor o
nuowtopoatn  péBodog  kabdg dev  pmopel v
OTOPUGIcEL, KATA TO TOIPLOGHO dVO 0GTPAK®YV, TOL0
Bo tomoBetnOel apiotepd Kot mwowo Bo TomoBeTnOel
og1d. Xto omnueio avtd TO EUMEPO PATL TOV
apyaoroyov Bo mpémer va ddoel v AOOM NG
aplotepng N 6e&16g tomobETong.

Emumiéov, ta mold pkpd Ootpoko, To omoio dev
pUmopodv vo, ddcovv peydreg topég, avEdvouv v
mBovotnTa vo Tpotadovv yio tomobétnon oe Adbog
onuelo. H pébodog Awarouns Iléyovs, Aertovpyel
KOAOTEPO. O Kepapkd  ayysio Tt omoio
KOTOOKEVAOTNKOY ~ GE  VEOTEPEC  OPYUIOAOYIKES
TePLOd0VG (apyaiKn, KAAGIKN N EAAMNVIOTIKY €moyn)
kabwg ta ayyelo ovtd, Owbétovy ekAemTLGUEVO
KOPOKTNPIOTIKA (KOADTEPOL TPOYOL, TOOTNTO THAOV,
KOADTEPO YOO, K.AT.) KOl Ol TANPOQOPIEg ThYOLG
glvat e0KoAa S10KPLTEG, SLATPOVVTUL KOL LTOPOVV VL
a&lomoinBovv amod ™ pébodo.

2. MMepopatuc aSlordynon

IMa v mepapatikn a&loAdynon, ypnoiporomonke
avilypa@o amd £va cOyypovo XEPOTOINTO KEPAUUIKO
ayyeio katackevacpévo oe tpoyd (Ewova 5). To
ayyeio avtd éomace o€ 46 KOUUATIO KOL TO GUVOAO
TOL VAKOD 7OV TPOEKVLYE KOl UTOpovOE Vo
a&lomombeil (34 dotpaxa), avacvvopLoAoYRONKE
ynoaxa pe ™ pébodo Awarouns Iayovs. To ayyeio
OPYIKO TPOETONAGTNKE, HE KOATAAANAN onpovon,
®oTe o1 ovvéyeln  vo  givor  dvvatd  va
emPeforwbodv to amoteAéopato pog. Ewdwotepa,
oyedonkay oty  e£OTEPIK TOL  EMPAVELL
VYOUETPIKEG KLUKAMKEG Tpoyég (ava 0.5 cm) kot
emmAéov dluywpiotnke oe 8 KAOETEG YPOUATIKEG
nepoyés (A, B, C, D, E, F, Gkar H) ot 45, 90,
135,180, 225,270,315 xot 360 poipeg avrictorya.
To ayyeio eiye Vvywog 20 cm, péyotn e&mTEPKn
meprpépeta 42 cm kot Coyle 800 ypapupdpio.

Ewéve 5 To kepapikd ovtiypago. Aegud, ta 46
KOUUATLO TOV TPOEKLY OV LETE atd TO OGTAGLLO TOV.
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2.0 H enidei&n g pebodov

lNo mv enideldn ko yu xépn g omAdTOg
YPNOLOTOMGOLE OO TO CLYKEKPIUEVO ayyelo TéEvTE
YVOOTA Yyertovikd octpaxo (A4, AS, B10, C2 ko
C15). Zmv Ewoéva 4/a, mapovcidlovtor ta 3A
MOVTEADL TV TEVIE OCTPAK®V Kot 1 dtadikacio g
egayoyng tov Péitictov kabétov topdv. Me to
KotdAAnAo cadroyopkd ekterécbnke amd kdbe 3A
YOk Topn, detypatoAnyio wéyovg avd éve lmm
Kot dmuovpynnkay ot mévte SoTopég  mhXovg
(Ewcova 4/B).

Axoro0Bmg, pe v dadkacio mov avaidbonke oty
evomta 1.y (Ewodveg 4/y wor 4/8), m péBodog
eMETPpEYE TNV OKPIP OCLUVOPUOAOYNON TOV TEVTE
O0TPOK®V HE TNV EAAyIoT avOpodmvny Tapéufoon.
>1g Ewodveg 4/e x4/, mapovoidletor 1
OTOTEAEGLOTIKY]  OVTIOTOLYION OLTOV TOV TEVTE
GUYKEKPILEVOV SITOUMV TAYOVG G VOl TOiPLOCLLOL
axorovfidv kot otnv Ewdva 4/1 1o id10 anotédeoua
MG LU0, OTTTIKN GIoyn atd TV E0AOTEPIKT TAEVPA TV
00TPOK®V HE TIG OLOTOUEG TAXOVG OYEOIUCHEVES
EMAV® OTIC ECMTEPIKEG TOVG eMPveleg. Xtnv Ewcova
4/8, mapovctaleTal N EXLTVYNG CVLVEVOGT] TOL LAKOD
oo v avtiotoyn e®TEPIKY EMPAVELQ.

2.p Axpifeta petpnoemv Kot To €101K6 AOYIoHKO

‘Eva kpioo onpeio yi v emtoyn epoppoyn g
pebddov amd tov epevvnrr, eivor M akpifel oToO
néyoc mov pnopei va avaktndei (GomezGutierrezet
al. 2014) andé to Swbéca odotpoxe. To péco
péyebog mayovg TV 06TPaK®V, Kopoivetal cuvOG
peta&d 2-15 mm. Ta dpa owtd emPePforddniov oe
O\ TOL OCTPOKO TTOV TAPOLGLALOVTUL MG LELOVOUEVA
exbépata oto EBvikd Apyooroyud Movoeio g
Abnvag.

Ewéva 6 H dwaxpifoon tng S10kpiTikng tkavotntogc.

H pébodog Aiaroung Idyovg, omoutel wovotnreg
duakpiong o€ ekatootd Tov Yiiootov (0.01 mm). T
TNV TOPOLGiooT Kol TNV amddEEn TG omotoOUEVS
OLOKPITIKAG  KOVOTNTAG,  YPNOYOTOUWoaUE  £vol
oy OpeTpo (to dpyavo axpifeiog TV apyaloAdywv),
HE GTOYO VO CLUYKPIVOLLLE TIG LETPNOELS TOV OpYavov,
HE TIG UETPNOEIS TOV Eiyope OMOKTNOEL Omd TNV
ynoewokn enegepyacio Le T POTOYPUUUETPIN KOl TO
vector Aoywopikd. Ewdwotepa 1o dotpako BlO,
petpnonke pe To TOYOUETPO KOL TO OESOUEVO
GLYKPIONKAV LLE TIC YNPLOKEG LETPTOELG.

To ovykpITIKA OTOTEAEGHOTO TOPOLGLALOVTAL GTNV
Ewova 6. Zmv apiotepn] TAEVPA Ol PETPNCELG LE TO
TOYOUETPO Kot O&ld HE TNV QOTOYpOpUETpio. XTa
dv0 avtiotoyo dxpa, anekovifoviol Le YPOUOTIKES
KALOKEG Ol LETPNGELG, AMOAVTO, SLOKPLTEG KOt GYEGOV
tavtoéonues. o v eneepyacio tov peTpiocmv
mhyovg, avomtvEope €WOKO AoywopKd TO omoio
ektelel TG ovykpioels (og dékata Tov yiAootod 0.1
mm) Kot e&dryet ta cvpumepdopata. o kabe (evydpt
00TPAK®V, TO AOYIGUIKO TOPAyeL TeXVIKEG ekBEoELg
600 cehMdov (Ewdva 7), pe OAeg TG amapaitnteg
TAnpoopiec yio v kabodnynon Tov apyuloAdyov
(1o a6 Tig S0 GEAdES e YpoIKd). YmodetkvieTal
n oxpPng 0éon tomobétmong kot 1 avOpodTIvy
napéuPacn agopd TV omdéeoon Yo TO €AV, TO
ereyyouevo ootpoko Oo tomobetnBel apiotepd 1
5e€16. o€ oYEoM LE TO OGTPUKO «OOTYON.

Ewéva 7 Ot teyvikéc exbéoeig Tov AOyIoHIKOD.

Q O 6O O

. (B2) vs (A5) |svtég 148,00/36CH +22mm (R)  AMOPPIWH
36/57,15 [extog  15,00/15CH 21mm (oM) TAIPIAIMA

QOB @ B® ® ®®

eAfyyeToL To OoTpako B2 of oxgon peto AS

o dotpako B2 £ys1 36 petprjosi nidyoug

To Gotpoko AS £)=1 57 petprjoslg ayoug

ta §Uo dotpaka Ba aykwtpwvouy petafl toug yua 15mm

(BA&ne6,7,8,9,10)

o keAUTEpO "okop” nTov 148

yua 36 cuykploslg mayoug

tonoBetsiots to dotpako B2, 22mm kdtw and v 11 pérpnon nayoug tou AS

1
2
3
4
5 | fheyyog A’ eviog g kUpLag TEPLOYTG TOU ooTpakou AS
6
7
8
9

ahhd, \JUpl.Ul'E to B2 avdmoba (Sn?\ uvunoﬁovupu}rs to} oe U)(Eun He v
apywr) euBuypdppon Katto onpelo o ywe n 10 pétpron ndyoug oo B2

10| ANOPPIWH (o gheyyog A’ amoppintst ) oxson)

11| £Aeyxog B': ektog TG KOpLOG TIEPLOXT G TOU 00Tpdkou A5, aAAd pE TV
ayklotpworn twv 15mm (BAéne 12,13,14,15,16)

12| to koAbtepo "okop” ftav 15

13| ywa 15 ouykpioeig néyoug

14 | romoBeteiots to dotpako B2, 21mm endvw ano v 11 pétpnaon mayoug tou AS

15| kot dmwe apykd suBuypappicats To dotpako B2
ard Bydhte to Ew (amo v endvw mAsupd) Tng kKUpLag Mepoxn g touv AS

16| TAIPIAZMA (o gheyyog B’ £6woe “okop” 15/15)

Ewéva 8 H ene&nynon minpopopidv Toptdcratod.
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Ewova 9 To tedid ontikd omotéAespia amd to meipapa, «ot Navor ki o 1 iyovzogy.

MMivoxog 1 To cuYKEVIPOTIKA ATOTEAEGLATO TOV AOYIGHKOV, Y1 Ta. 16 (15+1) dotpoKka.

Ewova 10 To ontikd omoTéEAEGHA OO TNV AVOKOTOCKEDT TV TAELPIKMY TOLYOUATOV TOV oyyElov.

IMivaxog 2 To cUYKEVIPMOTIKA ATOTEAEGLATO TOV AOYIGLUKOD, Y10t TO TAEVPIKA OGTPAKO.
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Al | A2 | AS| A4 | A5 B1|B2|B3|B4|B5|B6|B7|B8| B9 (B10|B11|B12|B13|B14| -
527 | 554 | 517 | 544 | 594 |10.16| 5.16 | 7.28 | 592 | 5.26 | 8.83 | 591 | 487 | 594 | 581 | 572 | 544 | 538 | 7.10
535 562 | 510 | 556 | 594 |10,68| 534 | 7,53 | 592 | 521 | 844|599 | 491 | 596 | 5,74 | 554 | 549 529 | 7,12
532 | 566 | 533 | 541 586 |10,98| 544 | 7,76 | 588 | 503 | 8,27 | 6,04 | 498 | 590 | 572 | 535| 552 | 530 7.14
525| 554 | 583 | 544 | 580 |11.28/ 553 | 8,17 | 592| 501| 7,.95| 6,00 | 5,02 | 588 | 5.68| 530 | 550 | 532 7.23
5,24 | 540 | 592 | 528 | 574 561 842|598 511| 7,69| 6,00| 509| 582| 562 | 535| 544 | 550 | 7,33
523|530 596 | 534 | 573 561 856|598 521|748 6,02]| 5,12| 574| 563 | 548 527 | 554 | 7,38
512 | 5,21 | 598 | 534 | 5,62 564|887 |587|582|742|6,02]| 512| 566| 554 | 558 | 518 | 556 | 7,44
511 | 525 5,98 | 546 | 546 567|905|581|585| 731|602 5,14]| 563]| 553| 570|512 | 534 | 7,50
5,08 | 538 | 583 | 556 | 542 569 948| 572| 587 | 7,28 | 6,00 | 519 | 566 | 538 | 577 | 516 | 522 | 7,54
514 | 590 | 5,64 | 536 | 538 5721 960| 572| 586| 7,.25| 6,00 | 524 | 5,64 | 530 | 581 | 515]| 519| 791
5,20 | 6,08 | 5,55 | 5,34 | 532 5,74 9,70 | 566 | 578 | 7,18 | 6,00 | 527 | 554 | 5,24 | 5,63 | 5,24 | 5,24 | 8,18
522 | 6,04 | 548 | 6,33 | 523 580(980|556|568|696|599|531|546| 526| 523| 563|567 848
528 | 6,03 | 533 538 513 5841996| 550|558 6,74|599| 538 538| 524|516 | 570 594 8,78
539 | 598 | 533 | 544 | 501 5,86 (10,08 545| 547 | 6,46 | 594 | 544 | 535| 5,22 | 512 | 5,65 | 6,09 | 8,86
551 | 592 | 538 | 540 | 497 592 1042| 543| 541 6,38 | 578 | 550 | 527 | 521 | 510| 553 6,19 | 9,01
541 | 588 | 558 | 540 | 4.83 596 |10,72| 535| 545| 6,35| 5.64| 551 | 530 | 515| 528 | 5.42| 6.31| 9.34
534 | 588 | 563 | 533 | 4,77 6,06 | 10,88| 5,30 | 5,55| 6,36 | 5,61 | 5,61| 524 | 510 541 | 531| 6,30 | 9,58
532 | 6,01 | 559 | 526 | 4,81 6,06 [ 10,95/ 5,21 | 568 | 6,35| 5,62 | 564 | 519| 508 | 553 | 527 | 6,30 | 9,81
538 | 6,36 | 548 | 5,06 | 4,88 6,06 | 10,98| 5,28 | 5,87 | 6,30 | 560 | 568 | 522| 486 | 553 | 529 6,32 | 9,86
545 | 6,48 | 528 | 4,99 | 4,95 6,07 [ 11,06 5,19 | 5,77 | 6,30 | 550 | 5,73 | 523 | 481 | 554 | 548 | 6,33 | 9,88
548 | 6.60 | 516 | 512 | 5,01 6,00 | 11,12| 5,14 | 5.62| 6,24 | 540 | 581 | 523 | 490 | 552 | 5,66 | 6.36 | 9,95
550 | 6.63 | 518 | 580 | 512 598 |11.28| 516 | 542 | 6,20 | 536 | 581 | 524 | 494 | 544 | 575 6,35 |10,02
5,53 | 6,68 | 590 | 6,07 | 524 5,91 |11,68| 520| 538 6,20 | 5,26 | 5,80 | 5,19 | 5,02 | 5,36 | 5,77 | 6,35 |10,07
557 | 6,73 | 599 | 598 | 522 5,88 12,08/ 520 | 543 6,13 | 520 | 5,78 | 5,16 | 508 | 534 | 5,66 | 6,41 | 10,76
552|683 6,09| 591 | 514 5,84 (12,38| 5,21 | 6,09 514|577 511|519 536 | 558 6,61 |10,97
543 | 6,85| 6,15 | 5,88 | 5,10 5,78 [ 12,78] 5,24 | 6,20 514|575 513|528 548 541 6,79 | 11,22
532 | 6.88 | 6,16 | 580 | 511 5,71 |13,15| 5,17 | 6.22 516 | 5,67 | 515| 526 | 554 | 5.32| 7,02 | 11,36
526 | 6,93 | 6,18 | 5,70 | 5,18 5,61 |13.38| 5,18 | 6.24 5,16 | 5,58 5,16 523 | 7,04

525| 7,01 | 6,15 | 556 | 532 5,56 5311 6,21 5,22 | 5,50 5,16 5,23

525 758 | 6,15 | 556 | 530 5,551 5,30 | 6,20 5,20 | 5,47 5,16 5,36

544 | 8,01 | 6,18 | 546 | 528 5,44 531| 6,18 5,18 | 5,45 5,28 5,92

570 | 8,29 | 6,25 | 5,37 | 5,30 541 5,38 | 6,20 5,38 5,30 5,99

573 832 | 6,48 | 531 | 532 5.36 5,58 | 6,28 5.34 5,33 5,92

557 | 858 | 6,70 | 537 | 528 5,32 555 6,35 5,32 5,33 5,86

543 | 8,76 | 6,97 | 550 | 5,34 5,27 5,50 | 6,45 5,30 5,36 5,80

538 | 9,05| 7,04 | 557 | 521 5,24 541 6,92 5,24 5,23

534|927 | 7,03 | 561 | 524 5,36 | 6,95 5,19

546 | 943 | 7,08 | 536 | 527 5,42

563 | 956 | 7,08 | 521 | 525 5,45

582 9.69 | 7,14 | 514 | 526 5,62

586 | 9,88 | 7,17 | 516 | 528 5,54 mm
5,82 | 10,06| 7,14 | 5,86 | 520 5,60

5.75 1 10.29| 7.18 | 6.04 | 5.06

5.59 | 10.66| 7.20 | 6.01 | 5.01

520 | 108a| 762 | 613|508 | €1 ] C2 | C3|C4|C5|C6|CB|C9|CI0|C11|C12 C13|C14|C15|C16
5.36 | 10.88| 7.90 | 6.18 | 552 | 5.21 | 4.94| 5.78| 5.61| 555| 4.89| 5.60 | 544 | 530 | 496 | 5.15| 4.96 | 5.36 | 5.26 | 4.89
5,29 | 10,86| 8,08 | 6,16 | 583 | 529 | 4,98 5,79 | 565| 5,74 | 492 | 5,73 | 5,68 | 5,27 | 504 | 515| 508 | 5,28 | 5,20 | 4,95
5,37 (10,80| 8,38 | 6,16 | 6,07 | 531 | 4,96| 587 | 5,67 | 559 | 497 | 584 | 586 | 515| 5,11 | 5,06 | 5,16 | 5,28 | 5,22 | 5,03
5,76 | 10,89| 8,48 | 6,18 | 599 | 532 | 5,02| 587 | 575| 5,46 | 5,03 | 5,75| 6,30 | 5,15| 5,27 | 494 | 533 | 5,36 | 5,21 5,10
6,00 | 11,58 6,16 | 596 | 536 | 507| 590| 576 | 531 | 509 | 572 | 584 | 515| 536 | 4,96 | 536 | 551 | 510 5,29
5,99 | 12,28 6,20 | 586 | 546 | 522 591 583 | 5,22 | 517 | 5,67 | 576 | 518 | 526 | 510 | 526 | 556 | 4,96 | 5.28
5,96 | 12,53 6,26 | 566 | 550 | 523 590 585 5.25| 538 | 555| 5,66 | 520 | 518 | 5,67 | 520 | 558 | 4,90 | 5,19
5,93 6,34 | 554 | 555 5,20( 582 583 | 538 | 542| 548 | 555| 5,15| 5,18 | 581 | 525| 543 | 5,02 5,16
5,80 6,74 | 539 | 563 | 5,13| 5,78 | 586 579 | 538 532 | 543 | 5,11 | 5,28 | 5,83 | 5,30 | 5,27 | 5,60 | 5,17
5,74 6,94 | 533 | 570| 515| 575| 589 598 | 529 523 | 536 510| 533 | 583 | 542| 519 | 5,72 5,16
5,72 7,08 | 532 | 573| 5,21| 5,70 6,17 | 5,33 | 5,16 | 547 | 5,07 | 537 | 5,77 | 544 5,22 | 5,86 | 5,30
5,79 713 | 532 | 576 | 532 5,67 6,25| 538 | 5,17 | 5,68 | 5,00 | 540 | 571 | 542 | 534 | 586 | 5.34
6.00 7.23 581 | 532| 561 6,31 | 552 | 523 | 6,01 | 498 | 544 | 557 | 538| 591 | 586 |5.33
6,33 7,56 5,84 | 534| 557 6,36 | 5,51 | 5,46 503 | 546 | 547 | 539| 598 5,72 | 5,31
6,52 7,58 5,78 | 546 5,53 6,44 | 554 | 5,58 510 539 | 537 528 6,11 | 5,70
6,63 7,62 577 | 539 547 5,56 | 5,49 515|524 | 530 521 6,17

6,69 531| 5,35 554 | 541 523521526518 6,28

6.73 5,28 549 | 5,20 542 520 531| 520 6.28

6.78 5,19 539 5,18 546 | 523 | 548 | 519 6.29

6,83 5,18 5,21 523|560 | 514 | 6,35

6,83 5,22 5,40 5,20

6,87 5,24 5,84 5,25

6,85 6,01 5,35

6.88 6,15 531

6.94 mm 6,22 521 mm

IMivaxag 3 Ot drotopés Tayovs Tmv 34 06TPAKMV OTd TO OVTIYPOPO TOV KEPOUKOD ayYELov.

EmimAéov mapdystot Kot Lo GUYKEVIPOTIKY GEALOM
(Ewova 7/0e€14) pe Oheg Tig mAnpoopieg yio Oha
To. 6otpoka Tov ayyeiov. To Aoyiopikd Srabétet
EMTAEOV SVVATOTNTEG OVTOLOTOV TPOGUVOUTOAGLOD
TOV O0OTPAK®V «GE OYECT HE TO £30(Q0C» Kol
OLVETMC Oev ypewdletal To OOTPOKO KATOH TN
Swdikocio Tng gvbvyphuuiong Tovg e to laser va
nmpocavatolloviol Kal 6 oyéon pe 1o £560¢pog (Yo
70 €4v dnAadn To KpaTApEe ovamodo 1 Oxl). ATAG
oV xewpdtepn mepintwon, To  Aoywopuikd  Oa
Kafodnynost tov apyatoAdyo/ypfiiotn va  Tapel
oAOKANPO TO ayyeio avamodo. Ot oNUOVTIKOTEPEG
TANPOQOPIES Ao TIG TPEIS GEAIDEG TOV AOYIGHIKOD
ATOTVTOVOVTAL LECH GE OVO YPAUUES, OTMG OVTEG

eneEnyodviar ovoivtikd oty Ewova 8, yw 1o
amotéAecpo Tov Toupldopatog tov Levyovg TV
ootpdkwv B2 kot A5, dmwg avtd epeaviletal otov
[Mivoka 2 (to tpdTo {evydpt ETAVD aploTepd).

2.y To meipapo «or Navor kai o Iiyovrog»

Y kbfe TEPITTMOON AVOUKOTACKELNG EVOG GAGUEVOD
KEPAUIKOD 0yYeiOv TO TPOG avacvoTact Stafécio
VAKO ovpmeptAopfavel Kot Vo mocootd amd TOAD
pikpd Opadopata, to omoio dev TOPEYOVY APKETEG
mANpogopieg Kol SUCKOAEDOVV TO  €PY0 TV
APYALOAOY®V.
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v mEPInTOON TOL KEPOUIKOV avTLypdpov, TO
VAo avtd €ptave to 12% (15 pkpd Opadopora).
To v enideién g pebddéov oty ovvletn avtny
mePInT®MON, SEPELVAONKE TO GUVOAO TOV LIKPOV
0oTpdkwVv («Ndvory) ce oyéon He TG dLVOTOTNTES
TOPWICUOTOG  TPOG  TO  HEYOAVTEPO  Olabécipo
ootpaxo («l fyovrogy). Me 10 €101k AOYIGUIKO NG
pebddov kot Phon TV GYETIKAOV  vmodeiewv
(ITivakag 1) ta 15 pukpd dctpoka tomobetnOnkay (1
amoppipdnKav) pe amdALTN EMLTVYIC GTO PEYUADTEPO
dwbéoyo dotpako Al. @a mpénet va onuelwbdei 611
KON KOL Y10, IKPG OGTPOKO TTOV OV EPATTOVTAV
He to 60TpaKko 00y Al,  néBodog ta tomobetel e
entuyio 610 KOTOAANAO Vyog pe PAcn TV TOTIKNY
Sdwatopn mayovg tov ayyeiov. o v TEMKN OTTIKNY
TAPOVGIOGT TOV OTOTEAEGUATOV TOV TEPALATOS «O1
Navor o1 o Iiyovrag», ta 16 oOotpaxa (15+1)
tonofeNOnKov emdvo o éva petahAkd TAEyua,
avtiypago tov Kepapkov ayysiov (Ewova 9).

Ewéva 11 Avo ohoxinpopéveg dorade,
[www.britishmuseum.orgCollectionid=3309459].

Ewoévo 12 Ta 9 dotpaka g domddag (400 ©.X.).

2.0 AmotedeopotikotnTa 95%

To oavtiypapo TOL GUYYPOVOL KEPOUIKOV oyyeiov
OVOKOTOOKEVAOTNKE  ymewkd pe 1 pébodo
diotoung  Ilayovg Pe  OMOTEAEGUOTIKOTNTO TOL
KoAvmTel o 95% tov dwbécipov mpog enelepyacia
VAMkoV (mévte dotpoka otnv Ewova 4/0, dexomévte
otV Ewdva 9 kan dddexa 6atpaka otnv Ewova 10).
Ymv Ewoéva 10, mapovcidletor m  emTOG
GUVEVOOT] OA®V TOV 0CTPAK®OV omd T TAEVPIKH
TOYMUOTA TOV oyyeiov, pe Paon Tic emruymuéveg
vrodei&elg Tov Aoyiopkoy (Tlivaxag 2). Xtov Iivaxa
3, mopovctalovtal OAEG Ol JATONES TAYOVS OTWG
avtég eénydnoov amd to 34 ynoelokd poviélo Tov
00TPAK®V TOV TEPALOTOC.

3.’Eva av0evtiko ayyeio oo 1o 400 w.X.

Ye auth TV evOTNTO OlEPELVOLUE €va avBeVTIKO
VTOCHVOAO amd ocuvovikovta OcTpoKo  Gfaeng
kepaptkng Tov 400 m.X. mbavotata amd po domada
(Hoyepucd okevog, yVTpa), To omoio Ppébnke oe
avackaen oto Kafovpt oty BovAaypuévn Attikng
(Ewodveg 11 kot 12). Opwopéva and 1o OGTPOKQ
nmapovotldlovv extetapéves eBopés. Ty Ewova 13,
Tapovclalovtat d1Popes OYELG TOV 0GTPAK®V KOTH
m Swdkacio g evbuypappiong ywo v eEayoyn
tov kafétov topdv. O Ilivaxog 4, mapovcsialel Tig
SL0TOWES TTAYOVS TV 0GTPAK®Y NG Aomadag.

S1|T1 | T2 | T3 | T4|Y1l|Y2|Y3|Y4

352|357 (282|313 298| 4.16| 3.40| 2.70| 3.23
3,57 | 362| 288|317 | 3,08 | 4,13 | 3,45| 2,68 | 3,27
358 3,64|293]| 3,20 3,13| 4,10| 3,50 2,73 | 3,20
352|363|294| 324|317 | 4,11 3,41 2,76 | 3,22
3,54 (364|296 330 321| 4,07 342|277 3,28
351 3,67|299|338| 327|4,08| 3,40| 2,75 3,28
3,47 3,68 3,02| 3,40 3,31 | 4,09| 337 | 2,75| 3,30
345 3,69| 3,08 | 3,42| 3,36| 4,10 3,38| 2,75 | 3,34
345|366 | 3,04 | 348 | 3,40 | 4,12 | 3,37 | 2,75| 3,38
3,38 | 3,68 | 3,07 | 354 | 343| 4,12 | 3,38 | 2,78 | 3,40
3,43 | 3,67 | 3,13 | 3,55| 3,48 | 4,13 | 3,37 | 2,78 | 3,39
343|363 313|359 347| 4,16| 3,38 2,77 | 3,45
344 |361|315| 3,61| 343 4,16 3,37 | 2,78
338|362 316|366 3,41 | 4,10| 3,36 | 2,78
3,37 | 361|317 3,70 | 3,39 | 4,07 | 3,34 | 2,76

3,36 | 3,56 | 3,16 | 3,76 | 3,45 3,34
3,40 | 3,54 | 3,20 | 3,78 | 3,47 3,38
341|350 321|381 3,46 3,39
3,40 | 3,47 | 3,23 | 3,81 | 3,49 3,41

3.40 | 3.46| 3.28 | 3.84 | 3.44
3,40 | 3,44 | 3,30 | 3,86 | 3,48
341 | 3,43 | 331 | 3,89 3,49
3,44 | 3,44 | 331| 394 | 3,52
3,43 | 3,42 | 3,36 | 3,98 | 3,55
3,46 | 3,44 | 3,38 | 4,01 | 3,57
3,52 | 3,45 4,14
3,47 | 3,43
3,48 | 3,46
3,50 | 3,48
3,49 | 3,50
3,50 | 3,50
3,47 | 3,50
3,44 | 3,54
3,45 | 3,56
3,42 | 3,54
3,43 | 3,55
3,42 | 3,54
3,40
3,38 mm

Hivoxog 4 Ot dwtopég mayovg g Aomddos. Me
KiTpvn €MoNUAvon To TOmKO «POoVCKOUM», {6mg
amo t B€om pag AaPng M piag onig 6to ayyelo.
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Ewoéva 13 Ta 9 dotpaka g domwadag kotd tn dtadikacio tng evbvypappucng.

Ewoévo 14 To tehkd onTikd amoTéAECUA OO TV OVAKATOGKELT TG Adomddag.

{euydpl | okop & mpotewodpevn Béaon OYOAL0 Tevydpl | okop & Tpotewdpevn Béon OYOALO
(Y3) vs (T2) |evtdg 38,00 /15CH  +1mm (M) ANOPPIWH (Y4) vs (T4) |eviég 8,00 /12CH +1mm(M) | AMNOPPIWH o
15/25, 5 |ektéc 5,00/ 5CH -10mm(oM) | TAIPIAIMA | 12/25,5 |extég 7,00/11CH -1mm(oM) | MOAY NI@ANO

(T1)vs (1) |evtog 37,00/37CH +1mm(R) | AMNOPPIWH (Y4) vs (T3) |eviog 10,00/12CH  +1mm(M) | AMOPPIWH

37/39,15 |ektoc 14,00/26CH -11mm(oM) | TAIPIAIMA | 12/26, 5 |extog 4,00/ 9CH -3mm (oM) | TAIPIAIMA |
(T4) vs (T1) |evtog 33,00/25CH +12mm(R) AMNOPPIWH o (T3) vs (T2) |evtoc  0,00/26CH  +0mm( ) -

25/37,5 |extég 3,00/ 5CH -20mm(oM) | NOAY MIGANO 26/25,5 |exto 4,00/25CH -18mm(Mu) | TAIPIAIMA !
(T4) vs (T2) |evtoc 64,00/25CH +1mm(M) | ANOPPIWH (Y2) vs (T2) |€vtog 38,00/ 19CH +7mm(M) | AMOPPIWH

25/25, 5 |extog 6,00/24CH -16mm(Mu) | TAIPIAIMA | 19/25, 5 |ektég 5,00/ 18CH -21mm(Mu) | TAIPIASMA |

Mivoxog 5 To cUYKEVIPMOTIKA ATOTEAEGLLATO TOV AOYIGUKOD [LE TIG TPOTACELS TOV TULPLACHATMV.
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Ymv Ewoéva 14, mopovoidletar 1o TeMKO OTTIKO
OMOTEAEGLO. [LE TO OVOCUVOPUOAOYNUEVE OGTPAKO.
Ta dotpaxa pe kodkd T3 ko Y1 eupovifouv éva
TOMKO «POVCKOUO» OTWG OLTO ATOTVTIMVETAL GTNV
Ewovo 14/0e€14 ol ©¢ €K TOOTOL dgV UTOPOVV
€UKOA VO GLVOVAGTOVV pE TO LITOAOUT. AKOUN Kol
€ OVLTN TNV OVOKOAN TEPIMTMOON, LE TO JKPE Kol
HEPIKMOG  KOTECTPOPPEVO  OoTpako, 1 néBodog
EMTVYYAVEL TOAD IKOVOTOUTIKG OTOTEAEGLLATA, OTIMG
eatvetoar otov Ilivaxko 5 pe 11g mPotdoelg Tov
Aoyiopkov. Aegdopévov ott 1 péBodog Awatouns
Héyovg elval amoTEAECUATIKY, OKOUN Kol OTOV
Kémoo 1M Kamoww oamd To Koppdrtic Tov ayyeiov
eEakorlovBobv va ayvooldvtol 1 va €xovv vIocTel
nud ot emedveleg tov omacipotog (dniadn va
£€xouv pHeydlo KatdPAl @BOPAG) TO CLYKEKPLUEVO
mapdderypa etvor Woavikd yo TV avadelEn tov
mieovekTnudtov ™¢ véag pefddov. Omoradnmote
A péBodog (mov Ba Pacifotav 6To TaiplacHa TOV
OTOCUEVOV EMPOVELDV), O NTAV KATASIKAGUEVT OE
amotuyio Kot avTd PmopEl vo £xel 1dlaitepr onpacio
Y10 TOVG APYULOAOYOVE.

Xounepdopatao

Xpnowyonmowdvtag TeYvoAoyieg orypng, Omoc 1
ooToypapeTpio, 1 TPLOOACTATY LOVIEAOTONGN, M
eEayayn ko 1 enefepyocia tpodidototmv (3A)
YNOWKOV  HOVIEA®V, TOPOVCLICHUE o, VEQ
EMOTNUOVIKT] HEBOSO, M Omoio, YPNOUOTOIDVTOG
HETPNOELS TAY0oVE 68 doTpaka, pmopel pe Befardtnra
va Ponbnoet ta epyacTplo. GUVTHPNONG KEPULUKDOV
OTNV aVOKOTOOoKELY Bpavcpuévav apyaiov ayyesiov.
[Motedovpe 6Tl €yovpe ewoaydyst pio véo péBodo
enmiAvong tov dVoKOAOV TPOPANLUATOS TG YNOLUKNG
OVOKOTACKELNG EVOG CTAGUEVOD KEPAUIKOD ayyeiov.
A&iler vo onuewwbel, O6TL KOTA TNV TEPOUOTIKN
afodoynon, 1N péBodog  Adiarouns  Illayoug,
€QAPUOOTNKE OE HEYAAO OplOUd Omd TOAD HIKPA
Kepapkd  Bpavcpoata  Afaeng  kepopikng (o€
ovfeviikd Kot ouvBeTiKG  Kepapkd  Bépata),
TPOGOIOOVTOG 10104TEPT ONUOGI0 OTO ATOTEAEGUATO.
Xxomevove vo teElglomojoovpe TN péBodo pog,
epoppolovtag v emdveo o ohvOeTo KePOKE
ayyelo omd KAmol GLAAOYN HOVLGEIOL O YDPES
VYNA0D  apyotoroykoh evolapépovtog (€101l o€
Oépata and v apyaikni, KAACIKN 1 EAANVIOTIKY
gmoyn)-

Evyaprotieg

Ot ovyypageic 6o Mbehov va  exepdcoovv  Tig
guyoplotieg Toug, otV kvpio Maipn Topoiidn kot
omv kupia Katepiva Tlavayomoviov, amd tnv
Egopeio Apyarotmntov Avtikng Attikng, IMepang
Kot Nfcov, Yo TV op(oloAoYIKT TOVG VIOGTHPIEN.
Eniong gvuyopiotovpe 0Aovg Tovg apyaloAdyovs ond
10 apyaoroywd Movoeio tov Ileipoid ko and v
apyooAoyikn vnpecio 6to EAANVKO.
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IN AND OUT: CFD MODE LL ING OF THE TEMPERATU RE DISTRIBUTION
INSIDE AN ANCIENT UPDRAFT P OTTERY KILN
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! Institute of Nanoscience and Nanotechnology, N.C.S.R. “Demokritos”, 15310 Aghia Paraskevi, Greece
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Hepiigyn/Abstract

Ymv mopodoa gpyacio mopovctdleTol pio TPOCEYYoN HOVIEAOTOINONG TG OOUNG Kot NG AgLtovpyiog
KEPAUIKDOY KAPAVOV 0pyaloloyikol evolopEépovtos. ' T0 6KOTO auTd avamTTOYTNKAY TPLGOACTOTO LOVTEAL
KMBaveov pe Paon apyooroykd dedopéva Kot 1 KoTavou eplokpacidVv 6To EMTEPIKO TOVG VITOAOYIGTNKE LE
APNON VIOAOYIOTIKNG pevoTounyovikng (computational fluid dynamics - CFD). Mg Bdon ta dedopéva yio Tovg
KMPAvoug Tov pereTONKay, T0 EcmTEPIKO TOVG dlapébnke o€ 600 {DVEG: TO YDPO KAVONG KoL TO YDPO OTTNONG
TOV Kepapk®v. Or dvo {oveg dtapénkav og KoyeAides, GOV TO TATMUO KOl TO, TOLYDOUATO 0pilovV TNV TeEPLoy
petapopdc g Beppdtrag. O aépag e16EPYETAL OO TO YDPO KOOGS OO TO GYETIKO Avolypa Kot 1 Oeppdtnta
mopayeTol amd TV Kavowun YAn (§0Aa) mov Bewpovpe 0Tl KataAopufdvouv pEPOS TOL Ydpov Kovong. H
Kopwvdda omv kopven Tov Boddpov dmnong Aettovpyel coav €£odog dlapopds mieong. Ov vmoloyiouol,
YPNOILOTOIDVTOG TN AVON NG oTabepds KOTAGTAONS, dIVOUV OTOXEID YloL TIC OMOLTOELS GE EVEPYELN, TNV
KaTavopr BEpUOKPAGIOY KOl KATAGEIKVOOLV T1 OTHOCI0 THG Y®POBETNONG TV KEPUKAY ayyeimv oto Bdiapo
omnong.

In the present papes modding approach for assessing ancient kiln desigmnstieduced and demonstrated. 3D
models of updraft kilns are created based on archaeological examples and the temperature distribution inside the
kiln is evaluated by fluent motlmg using computational fluid dynamics (CFD)ollewing the actual kiln

desgn the interior is divided in two cell zones, stoking chamber and ware chamber. The two zones are meshed
and floor and walls are defined as boundary conditions for fluid/solid heat transfer. Air enters the stoking
chamber through a velocity inlet and heat energy is generated with the woadlypfillthg up the space. A
chimneyat the top of the ware chamber is serving as pressure dialetlations using a steadyate solution

provide information about energy requirements as well as the temperatuitgution within the kiln, indicating

the crucial impact of the arrangement of the pottery inside the ware chamber.

Keywords:Pottery kilns, emperature, CFD modalg, Finite volumes

Before the use of built kiln structuresramics were
fired in open firing systems. In the simplest case the

Introduction

A decisive step in ceramic production is the firing of
an object, which has been molded from clay,
transforming it eventuallyinto a ceramic object.

During the firing process heat is transferred to the
object, altering its mineralogical composition and the
material’s microstructure and texture, and thus
changing nofreversibly the object's material

properties. In this processthe kiln serves as

functional device complying with certain operational
principles (Kingery 1997). Specific functions of a
pottery Kin are heat generation, commonly by
combustion, heat transfer to the ware, heat
containment and stable setting of the ware.
Therefore, it is worthwhile to investigate ancient
ceramic kilns and their design in view of these
functional constraints and theirperformance

clay objects werglaced inside a @l of fuel. Even
though in this way already temperatures up to €00
could be reached, the temperatures were difficult to
be controlled and maintained (Gosselai&
LivingstoneSmith 1995). A more advanced firing
method was pit firing, an open firing withe ware
placed along with the fuel or covered with it inside a
pit, a setup which provided some basic heat
containment. Only with the construction and use of
kiln structures however, firing conditions could be
sufficiently controlled and temperatureould be
reached and sustaineallowing for theprodudion of
high quality earthenware with an adequately vitrified
ceramic fabric and advanced surface decorations.
The first doublechamber kilns werepresumably
developed in the Near East more than 8000 years ago

characteristics, such as achievable temperature andRice 1987, 158). In the Eastern Mediterranean

heating efficiency (Prillwit& Hein 2015).

region updraft or crosdraft kilns appear to have
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been the common kiln types since the t&Bronze subregions or finite volumes connected among each
Age HansenrStreily 2000, 80). The fuel was placed other via nodes, quite similar to the approach used in
and charged from the side in a stoking chamber or structural analysis using the finite element method
fire box, which was connected to the-called (Hein & Kilikoglou 2015). The fluent zones inside
combustion chamber. the kiln are defined by a-@imensional model dhe
built kiln structure.The heat transfer between air and
The ceramics were placed separately on an elevatediln structure can be considered either by integrating
level in the connected ware chambeising for the different parts of the kiln structure as solid zones
example platforms constructed from mudbricks or into the model or by defining their surfaces as
perforated ceramic floors. Heat andudl gases  boundary walls.
escaped from the top of the ware chamber either

through a chimney in permanent roof structures or an The simulated air flow through the kiln is essentially
opening In a temporary covering. defined byan inlet with predetermineeir velocity

) o ) and temperatureand an outlet considering ambient
The heat in a ceramic kiln was generated in generalpressure and gravity. Inside the modeled stoking
by combustion of biomass fuel, such as wood, straw champer heat exchange between the burning fuel and
or chaff. The heat value of wood is typicalfythe  the flowing air is simulated. For thike fuel bed can
range of 1820 MJ/kg. However the achievable pe gefined as porous zone either with a predefined
temperatures are not only a matter of the total heat.gnstant temperature or as energy source with a
valueof the fuelbut ratherof the rate of combustion. presumed heating rate. The draft is enhanced by the
The latterdepends on the available space for the fuel buoyancy of the heated air. Once the model and the
in the stoking chamber, on the air supply, on the flow boundary condions are appropriately set up the
resistance of the fuel bed and on the fuel gystem is ready to be solved. In order to assess the
replenishment (Rehder 2000Therefore, the design  gperatig conditions of the fully heated kiln a steady
of the stoking chamdr has adirect impact on the  gtatesolution is adequate. In the case that the heating
combustion temperature of the fuel. The operation up of the kiln is considered as well a transient
temperatre of a kiln s affected furthermore by the  gojution will needto be chosen, which will require,

on design parameters, such as wall thickness and

geometry, but also on thmaterial properties of the

building materials (Prillwitz Hein 2015). 2. Kiln model

Apart from hese basic design principles considerable 2.aArchaeological Evidence

variation in kiln architecture is observed in the ) )
archaeological record; a fact which has been related "€ CFD approach was tested with a model designed
to regional traditions or chronological developments On the basis of aH kiln excavated in Rhodes
(Hasaki 2002). Of crucial importance, however, is (Marketou 2004) The kiln walls had been
also theproper operation of a kiln and functional constructed with mud b_r|cks and the cc_)mbust_|on and
aspects might have played a role in certain design*Va'e chamber had a circular layout with an internal
decisions. We present a novel approach to investigatediameter of c. 2 nfFig. 1). The ware was apparently
such issues based on thdimensional kiln models. ~ Placed on three wallke platforms, which divided
These allow for the functional study of different kiln the air flow effectively in four fire channels. The
design decisions by investigating the temperature platforms had been constructed with mud bricks as
development and temperature distribution during Well- The upper part of the ware chamber was not
simulated kiln operation using fluent molieg. In preserved so that there was no evidence for the
the present papethe modéing approach will be  ©riginal height of the kiln.

introduced and demonstrated for a kiln design model )
based on the archaeological example of a Late The combustion chamber was heated laterally

Helladic (LH) two chamber updraft pottery kiln through a stolkg chamber of c. 2 m length, in
relation to which it was elevated. The mineralogical
1. Computational Fluid Dynamics (CFD) examination of samples taken from the kiln lining at

different spots inside the kiln provided an estimation
In order to estimate the temperature distribution of the maximum temperatures emerging in the kiln
inside a kiln the air flow and the related heat transfer during firing and their spatial distribution (Mdiller et
has to be examined. Heat and mass transport of aal. forthcoming). The estimated firing temperatures
fluid or gas such adn the present case tladr flow provided a genuine framework for comparison with
inside the kiln, can be investigated with simulated temperature distributions of the kiln
computational fluid dynamics (CFD) (Tabor et al. model, in order to refine the model and to investigate
2005). The interior of the kiln is subdivided in small the operatingparameters of the kiln.
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Figure 1 Threedimensional kiln model based on a
LH kiln excavated in Rhodedeft): The dome was
fredy reconstructed using arcs. The interior of the
kiln chambers was filled with fluent bodies and a
chimney was added.

2.b CFD model

Based on the actudimensions of the excavated kiln
a simplified 3dimensional digital model of the kiln
structurewas generated (Fid.). The nonpreserved
upper part of the ware chamber wasoastructed as
adome assuming arcs starting froine base walls of

In the cae of the pottery wares assumedly placed in
the ware chambeheir flow resistance could not be
adequately considered as porous bhobhstead, a
solid ceramic body was defined inside the ware
chamber. For this several layers of hollow half
spheres were placed above the platforms, simulating
open ceramic dwls piled up for firing (Fig2).

Figure 2 Three zones are evaluated in the CFD
simulation: Apart from the air flow in the interior of

the kiln the lower part of the stoking chamber is
defined as porous fuel bed and a solid body

the ware chamber. Furthermore, the stoking chambersimulating the pottery is placed in the ware chamber

was assumed thave beerrovered with mud bricks.

The geometry of the solid kiln structure was used to In order to reduce the number of volume elements

define the internal volumes of stoking, combustion
and ware chamber as fluid bodi€snally, a cylinder
was added at the top of the ware chambimulating

a chimney (Figl). Position and internal diameter of
the chimney can be investigated as additional
parameters. In the present mqdéke chimney was
centrically placed and its inner diameter of 40 cm
corresponded to c. 29 of the diameter of the
combustion and ware chamber. Eventually, the
modeled stoking chamber had a volume of c. 132 m

and thus the calculations the kiln model was divided
in half along its longitudinal direction and the section
was defined asymmetry plane. The fluid bodies and
the solid ceramic body were meshed with an initial
elementsize of 5 cm, resulting in c. 2,8000
elements connected through c. &80 nodes (Fig.
3). The body parts of the solid kistructure were not
included in the meshing but their internal surfaces
were defined as boundary walls/ith predefined
wall thickness, boundary conditions of the external

while the modeled combustion and ware chamber wall surface and the respective material properties

had a volume of c. 4.95m

In order to simulate heat transfer from the burning
fuel to the passing air flow the lower part of the
stoking chamber was set up as fuel bed. Forithis

for heat transfer. For the CFD solver a steady
pressurébased swmition was selected considering
energy balance and turbulent flow. The solution was
expected to provide an estimation of the temperature
distribution in the kiln once steadytate and

was defined as porous body with the respective flow equilibriumwas reached.

resistance and either pdefined flame temperate

or an energy source corresponding to the assumed3. Results and Discussion

heating rate of the fuel. The stoking hole was set up

as inlet with predefined air velocity and ambient
temperature of 308. Various velocities were tested
in order to investigate the impact of the matwind
speed on the operaf conditions of the kiln.
Accordingly, the top area of the chimney was defined
as outletconsidering the buoyancy of the heated air
with the assumed gravity field and the ambient air
pressure as boundary condition.

3.aTemperaturelistribution inside the kiln

Figure 4 shows the temperature distribution
assuming a flame temperature of the burning fuel of
1800 K, which is slightly lower than the maximum
temperature of c. 1600 °C that caopposdly be
reached by combustion of biomass fuel (Rehder
2000). The two modeldepicted in Figure 4 shothe
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simulated temperature distributioin the three
calculated zonefor different heights of the fuel bed

Figure 3 Meshed zones and boundary coruifi:
The kiln model is cut in half along the longitudinal
direction and the section is defined as symmetry
plane. The stoking hole is set up as velocity inlet and
the chimney as outlet. Walls, floor and platforms are
set up as boundary walls.

Figure 4 Temperature distribution inside the kiln
assuming a flame temperature of the burning fuel of
1800K: In the upper model the fuel bed was set up
with a height of 40 cm and in the lower model with a
height of 60 cm, which cover c. 3% or c. 86 % of

the internal height of the stoking chamber,
respectively. The blue curves indicate the flow of air
and the flue gas inside the kiln.

This obviously affects the temperature distribution
inside the ware chamber not only in terms of the
maximum temperate reached but also in terms of
the adequate uniformity of the temperature
distribution in the ware chamber, an important
prerequisite for successful kiln firingThe model
with the lower fuel bed exhildtlarger temperature
differences between the front part and the back part
of the wae chamber, most probably due the
different flow of the flue gas.

3.b Flow of air and flue gas

The flow of air and flue gas can be further
investigated by evaluating the simulated velocities
(Fig. 5). For the present mdel, a porosity of 60 % is
assumed for the fuel bed and an initialvahocity of

3 m/s at the stoking hole, corresponding to a light to
gentle breeze. Inside the kiln the hot flue gas is
accelerated due to buoyancy with velocities clearly
above 10 m/s above the fuel bed and inside the
chimney. Even higher velocities are indichtén
particular spaces between the ceraminsthe ware
chamber The trajectories of the flue gas flow
illustrate the considerable impact of the pottery
wares which essentially dkect the flue gasln the
present modela simple arrangement of rather basic
vessel shapes was selectdtl can be expected
however, that alternative stackingrrangementor
vessel shapes will profoulydaffect the flue gas flow
as well asthe temperatre distribution inside the
ware chamber.

Figure 5 Velocity distribution and flow of air and
flue gas inside the kiln: At the stoking hole wind
speed of 3 m/s was assumed. Particularly high
velocities are indicated above the fuel bed, inside the
chimneyand in some spaces between the wares.

3.cTemperature and heat flux at the boundary walls

Apart from the temperature distribution of the air and
flue gas inside the kiln and the temperature of the
pottery wares also the temperature profiles of the
intemal surfaces of the kiln structucan be assessed
(Fig. 6). In the present modeh mud brick wall

HEIN ET AL.102



2nd CAA GR Conference Athens, Greece 2016

with a thickness of 30 cm is assumed while the mud loss and heating efficiency. A complete assessment,

brick platforms and the kiln floor, assumedly out of however, wil require transient solution of the system

dolomitic rock, are set up with practically infinite in order to consider also the heatimg of the entire

thickness. The simulated internal wall temperature is constructionduring the initial phase of the firing

particularly interesting in view of theitomparison process

with the temperature estimations of actual ancient

kiln linings by material analyse# is such analytical  3.d Estimation of the fuel consumption

work on archaeological kiln structuresvhich

initiated the impetusfor the present simulation In order to estimate the amount of fuel necessary to

(Prillwitz & Hein 2015). maintain suitable firing temperatures inside the kiln
the fuel bed can be set up as energy source instead of
defining a specific flame temperature. Figure 7
presents a model with the fuel bed set up as energy
source of 750 kW/corresponding in the case of
the modeled fuel bed to a combustion rate of c. 2400
MJ or c. 120 kg wood per hour. This does not
consider, however, the heating upf the kiln
structure and the firing of the warbut only the
maintenance of maximum temperatures of up to 1300
K in the wae chamber once a steady state is reached.

The simulationresults of this modebppear to be
more susceptible to boundary conditions, such as
initial velocity at the inlet or height and flow
resistance of the fuel bed. In the case that the fuel
bed coverghe entire height of the stoking chamber
for example c. 20% less fuel would be necessary to
maintain the same temperatures.

Figure 6 Temperature profile and heat flux of the
internal surfaces of the kiln construction, which are
not part of the model but set up as boundary walls.

In the presentase study, the simulated temperatures Figure 7 Temperature distribution inside the kiln

are compared with temperature estimations, based orassuming an energy source of 750 kWimthe fuel

investigation of the kiln lining, which was sampled in bed.

different zones of the original kilgMdiller et al.

forthcoming. In this way,the model can be refined Conclusions

and adjusted. Additional information can be achieved

for example about the construction of the upper part The present case study has demonstratiee

of the ware chamber or the position of the chimney. potential of CFD modeling for assessing specific

Interestingly, the results of the present simulation kiln designsin terms of achievable temperatures and

indicate areas wittower surface temperatures on the heating efficiency. Apart from kiln geometry and air

platforms These areelated to pottery wares placed velocity at the inletthe air flow and temperature

from above suppressing the flue gas flow. distribution inside a kiln are affected also by
parameters such as height and flow resistance of the

Apart from the surface temperature the heat flux fuel bed and by the arrangement of the pottery wares

though the boundary walls can be evaluated in view to be fired. Through the boundary conditions the

of heat loss and the related hegtifficiency of the impact of the material properties of the kiln building

kiln (Fig. 6). Thickness and thermal properties of the materials on the heating efficiency can be

mud brick wall can be varied in order to investigate investigated as well, even without integrating the

the impact of these parameters on the simulated heastructures in the model.
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For the present modeh steadystatesolution wa
selected providing information about the operating
conditions of the kiln once equiliimm conditions are
reached. In order to investigate the heatipgf the
kiln structure and the firing of the pottery waras
transient solution will be necessaiwn this casefor
example also potential changes in terms of fuel
replenishment and hegg¢neratiorcan be considered
Nevertheless, the presented steatdyesolution has
already provided valuableformation which can be

used to compare and evaluate different kiln designs

Hein, A. and Kilikoglou, V. 2015.'Breaking Pots —
Simulating Design Failures of Transport Amphorae
by using the Finite Element Method (FEM)in
Archaeological Research in the Digital Age
Proceedings of the I** Conference on Computer
Applications and Quantitative  Methods in
Archaeology Greek Chapter (CABR) Rethymno,
Crete, 6-8 March 2014. Edited by C. Papadopoulos,
E. Paliou, A. ChrysanthiE. Kotoula and A. Sarris,
pp.184-187.Rethymno: MS-FORTH

and to assess the development of kiln technology in Kingery, W. D. 1997.‘Operational Principles of

antiquity in tems of their supposed function and

Ceramic Kilns, in Ceramics and Civilization VII:

operationSince the arrangement of the pottery wares The Prehistory & History of Ceramic Kiln&dited
proved to have a major impact on the temperature by P. M Rice, pp. 11t9. Westerville The American
distribution inside the kiln, and as in the present Ceramic Society

model a rather basic arrangement was selected,

alternative arrangenens inside the ware chamber

Marketou, T. 2004. ‘Mvuknvaikdg Kepapikodg

and the heat transfer from the flue gas to the potteryxifavog otov Ilpoictopikd owiopd g lalvcov

are certainly other aspsdb be investigated in more
detail in future models

(Tpiévra, Podog)’, in Althellenische Technologie und
Technik von der prédhistorischen bis zur
hellenistischen Zeit mit Schwerpunkt auf der

The models and simulations of the kiln operation can préhistorischen Epochepp. 133144. Weilheim:

be verified and if necessary refined with temperature Veren

estimationobtained from the analysis of ancient kiln
linings, kiln furniture and ceramicAn alternative

zur Forderung der
Hellenischen Geschichte e.V

Aufarbeitung der

approach for testing the models are experimental Miller, N. S., Hein, A., Marketou, T., Day, P. M. and

firings in traditional pottery kila or in
reconstructions of ancient kilns. Apart from the
investigation of operatingonditions the assessment
of heating efficiency is expected to provide
information also concerning topics such as fuel
ecoromy, production capacities and environmental
impact of pottery production.

Acknowledgements

The original Late Helladic kiln, which was used as
prototype for the presented digital model, was

excavated at lalysos in the island of Rhodes. We

thank the exavator, Dr. T. Marketou, for providing
us with photographs and drawings in order to
generate the model.

References

Gosselain, O. and Livingstor&mith, A. 1995.The

Kilikoglou, V. forthcoming, Reconstructing Bronze
Age firing technology: The Mycenaean kiln at
lalysos

Prillwitz, S. and Hein, A. 2D05. ‘A Closer Look at
Updraft Pottery Kiln Constructions based on
Middle Helladic to Iron Age Examples in the
Aegean’, in The Transmission of Technical
Knowledge in the Production of Ancient
Mediterranean Pottery Edited by W. Gauss, G.
KlebinderGauss andC. von Riden, pp. 35365.
Wien: Osterreichisches Archéologisches Institut.

Rehder, JE. 2000.The Mastery and Uses of Fire in
Antiquity. Montreal McGill-Queen's University
Press

Rice, P.M. 1987.Pottery Analysis -A Sourceboaok
Chicago The University of Chicago Press

Ceramics and Society Project. An Ethnographic and Tabor, G.R., Molinari, D. and Juleff, G. 2005.

Experimental Approach to Technological Choices
KVHAA KoferenseB4:147-160.

HansenrStreily, A. 2000.  Bronzezeitliche
Topferwerkstatten in der Agais uiWestanatolien
PhD dissertation, University of Mannheim.

Hasaki, E. 2002Ceramic Kilns in Ancient Greece:

Technology and Organization of Ceramic
Workshops PhD dissertation, University of
Cincinnati.

Computational simulation of air flows throughSai
Lankan  winddriven  furnace. Journal of
Archaeological Sciencé2, 753766.

HEIN ET AL.104



2nd CAA GR Conference Athens, Greece 2016

THE USE OF COMPUTED TOMOG RAPHY FOR CREATING VIRTUAL
ARCHIVES OF CONSERVATION CONDITION REPORTS.
THE CASE STUDY OF A 17" CENTURY CASKET
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erato_kartaki@hotmail.com

IHepiZnyyn/Abstract

Ta dehtio cvvTnpnong EPyV TEYVNG Eival £va TOAD GUOVTIKO KOUUATL 6TNG OLadIKAGTIOG TG CUVTIPTONG. XTIG
HéPEC HOG, M ynoewkn TtexvoAoyia mapéyet véeg peBoddovg, divoviag oTovg €pEUVNTEG TNV duvaTdTNTA Vo
YPNOLOTOIOVV YNPLUKA TPIGOAGTOUTO LOVTEAD Y10, TNV OEIKOVION £PYOV TEYVNG TOMTIGTIKNG KANPOVOULAC, GE
GUVOLOCUO HE TTapadootokés pefddovg. Xkomodg g moapovcag Epgvvag eivar vo epappdcet ) puébodo g
A&oviknig Topoypoaeiog vy ™ Onuovpyla ynelokodv OeAtiov cvvtipnon, oEloAoYOVTOS To ONTIKG
OTOTELEGLOTO Kol TO YpdVo mov domavinke yio tn dnpovpyio tov poviédwv. I'a 10 okomd ovtd €ytve n
Tpledidotatn yneuokn katoypaey dedopévav evog kovtod tov 17% adva omd to povosio Anne of Cleves
House ot0 Lewes tov Hvopévov Baoctleiov. To kovti Oewprfnke katdAinio 616t amoteheiton amd mévie
dwpopetikd vAwd: EvAo, oldfactpo, ehodypopa, xopti kot petoAlikd otoyeio. Onwg £6e1&e 1 épevva, M
tpodidotatn Afovikny Topoypoagio mapéyel amoTEAEGUATO GYETIKO HE TNV KOTOCKELOOTIKN TEXVIKN TOV
OVTIKEWEVOD, TOL OKPLT DAKE TOL KoL TNV EEMTEPIKT KOl ECOTEPIKT KATAGTOOT dL0THPNONG TOV.

Condition reports of artefacts are an important part of the conservation process. Nowadays, digital technology
provides more advanced methods, and researchers are using 3D models to illustrate cultural heritage artefacts in
a continuation of traditional methods. This paper presents an application of Computed Tomography (CT) and
aims to evaluate its use for condition reporting purposes, based on the quality of the resultingtiosigadind

the time spent for the completion of the model. To accomplish this aim 3D data capturing has been applied on a
17" century casket from Anne of Cleves House Museum in Lewes, UK. The casket was considered appropriate
for this study because it consists ofef different materials; wood, alabaster, with painted surface, paper and
metallic elements. As demonstrated by this research, Computed Tomography provided insights into the
construction technigue, the exact materials and the internal and external corofitithe artefact.

Keywords:Computed Tomography, Digital Condition Reports, 3D Models, Conservation of Artefacts

Introduction part of seminars and published projects (Moore
2001). The reports wusually include written
Condition reports are valuable tools in every descriptions and visual references. Traditional visual
conservation process. From the early years of references include photographs (in visible, e
conservation science, conservators understood theirand ultraviolet spectrums) and illustrations (such as
importance for the successful completion of every pencil drawings). Photographs are considered more
conservation project. The reports document the gbjective than the more subjective drawings;
artefact's condition before, during and after the however, the results of both techniques can give
conservation operation and accompany the object in misinterpreted information about an artefact's
everyfuture process as part of its history. According ¢ondition depending on various factors during their
to the Venice Charter (ICOMOS 1964}/ works of  creation (lighting, angle, etc.) (Abel et al. 2011).
preservation, restoration or excavation, there should Finally, for the internal examination of an artefact or

alwayg be premseildocumentauor.\ in the form of to investigate concretions;radiographs can be used
analytical and critical reports, illustrated with (Moore 2001)

drawings and photographs”.

These reports include examination results and Nowadays, digital technology —provides —more
analysis of the materials and the construction, and @dvanced and more objective methods than
they act as basic tools for any decisions made abouttraditional illustrated drawings and photographs,

future treatment (ICON) (Moore 2001). which, depending of the creatomprovide limited
information for the technological features of the

Although it is uncertain who first mentioned the artefact (Abel et al. 2011).
procedure, the first references are found c. 1935 as
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More and more researcherearsing 3D models to  the artefacts that can be imported into the device
illustrate cultural heritage artefacts, especially due to (Okochiet al.2007).

the development of computer processors and increase

of RAM size (Kaufman et a2015), in combination 2 case Study

with the reduction of prices. These models can be

saved in virtual archivedor future generations The artefact selected for this research was78 1
(Schaich 2007). Many procedures have been used tGcentury AD casket which belongs to the Anne of
3D capture the upper surface of artefacts over the lastcleves House Museum in Lewes, UK. The specific
years. According to many researchetseé most  casket was considered suitable due to:

accurate methods to produce 3D models of the Upper,  yhe combination of different materials: wood as
surface of an artefact ardhgogrammetry and 3D the basic material, with whitedecorative
laser scanning (Ramon et al. 2013, Abel et al. 2011). elements, metal, marble papsrd oil paint. The

For furthgr investigation of the internal part of an variety of materials provides the opportunity to

artefact in 3D format, Computed .Tomography IS test the suitability of Computed Tomography as a

recommended (Abelt et al. 2011, Thieleal. 2015). 3D capturing technique in order to be used for
conservation reports of complex artefacts.

o relatively small size which will allow it to be

) transferred and thoroughly analysed and scanned
X-ray Computed Tomography (CT) is a method 4 the CT scanning facilities of the University of

which was developed for medical imaging in 1975 to Southampton, 1-VIS X-Ray Imaging Centre.
scan living patients (Cox 2015, Weber 2014). It is a

norninvasive technique which creates 3D models of 2.aDescription of the casket
an object (Morigi et al.2007). It uses Xays to
obtain cosssection images of an object through
transmission or reflexion. The data are collected by
illuminating the object from many directions (Kak &
Slaney 2001, Ramoén et &013). The Xrays interact
with electrons and the CT model that is created has
different contrasts locally made by the differences in
mass density and material of the object (Ramén et al.
2013). The resolution of a CT ranges from 1 mm to

1. Computed tomography (CT)

According to the curator of the museum, throughout
the artefact’s history there had been neither scientific
examination nor modern conservation treatment.
Therefore, questions arise regarding thehite

material used for the external decoration (ivory bone
or alabaster). Similarly, the type of wood used for the
construction of the casket was unknown. The
dimensions of the casket are 22 cm wide on the

200mm_ and a micrGT from 1 mm to 100 MM, " hottom and 25.5 cm on the lid, 14.6 cm long on the
depending on the system and the size of the ObJeCtbottom and 18 cm on the lid, and 14 cm high with the
(Weber 204). lid '

Both CT and micreCT can give very good results on - 1hg gecoration is composed of architectural motifs
dense objects, such as bones, teeth,_ ivory, shells.(Fig_ 1): eight white columnslj, four on the front
stones and pottery (Weber 2014). Aside from the 5.4 two on each sideand a white decorative

medical field, CT has been used for geological y3quette reminiscent of floral decoration that covers
research, the determination of the brightness g magt 2/3 of the casket from top to bottom (2). The
distribution over a celestial sphere and three g thirg consists of four pseudirawers (3), two
dimensional imaging with electron microscopy (Kak . the front and one on eaaide with awhite
& Slaney 2001, Ramon et al. 2013). handle attached (4). At the centre of the front side,

. _ . ~ between the two central columns, is the place where
In archaeology, researchers applied this technique ing lock used to be (5).

1977 for the examination of a mummy (Cox 2015).
Further research includéise scanning of brain tissue
(Millet et al. 1983) and the reconstruction of facial
features (Lewin et al1990). Since then the method
has also been used for the examination and 3D
reconstruction of ceramic vessels (Miles et24116,
Anderson & Fell 1995, Kotoula 2016), textile fabric
(Shinoharalet al. 2006), rocks (Thiele et al. 2015),
small paintings on wood (Morigi et al. 2007),
wooden artefacts (Zhangd al. 2012) and even for
dating such artefacts by applying dendrochronology
(Bill et al. 2012). Neertheless, Computed
Tomography is considered a high cost method
(Kotoula 2015) with limitations regarding the size of Figure 1 The front side of the casket.
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On the lid a metal handle is located in the middle (6),

adorned with onewhite plaquette with decorative

pattern on the side (7). Four wooden parts and four
nails compose the rest of the lid (8). The bottom has
no special decoration and simply consists of three
wooden pieces. Apart from the bottom, all the

wooden parts of the casket have been painted

probably with oil paint in a dark red/brown colour,

covering also the metal nails and the handle, possibly

as part of an old aesthetic restoration of the actef

The right side of the casket is a partition (Fig. 2) with
a size of 12.6 x 12.6 x 2.5 cm, which may be slid
upwards when the lid is open revealing two secret
drawers (Fig. 3) hidden behind it (1). The drawers

have a size of 12.7 x 4.9 x 2.3 cm, andythare
painted in an oilgreen colour, decorated with marble

paper inside. The two drawers are separated by a

piece of flat wood painted with the same colour (2).

Figure 2 The side partition from the right side of the
casket.

Figure 3 The right side of the casket.

A
A

i

-~ :

VR L R L R

k.

1

s i
L2

g

Figure 4 The interior part of the casket.
2.b Condition of the artefact

The general condition of the casket can be
characteried as good (Krueger et dl994) since the
materials appear stable and do not demonstrate signs
of fragility. However, there are a few damages that
are immediately visible:

I. Decay caused by biological factors.

The small holes on the wooden parts, mamh the
bottom and on the lid, are characteristic elements of
insect infestation, probably woodworm, in the
interior of the wood. In some areas, the phenomenon
is more intense and there is a complete loss of wood.
This is clearly visible on the front sidender the left
pseudodrawer, where the wood looks like it used to
be friable, and therefore it seems like varnish has
been used in the past to make it stable again (Fig. 5).

When the lid is open (Fig. 4) two metal hinges are
visible (1), part of the lock (2) and parts of the handle
(3). Inside the casket on the left side there is a raised
wooden box with a lid, with a size of 12.3 x 5.4 x 3.7
cm (4). All the nterior surfaces of the casket and the

raised box are covered with marbled paper except theFigure 5 Detail showing the loss of wood on the

surface under the raised box. front side of the casket.
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Il. Decay caused by mechanical factors. Casket”. Derived from this “title” only the date had
already been confirmed by the museum. Instead of

A lot of decorative parts have been detached overivory, alabaster seems to be the main decorative

time; some of them are retained with potential for material, with origin from Malines (in French) or

repositioning, but most of them are lost. Amongst the Mechelen in Flemish) in Antwerp, Flanders,

preserved parts a small white parafigled cube can  Belgium (Christie’s 2010, Wilkinson’s 2014).

be found with a size of 1.9 x 1.7 x 0.8 cm (possibly

from the top right corner of the front side), a small 3. Mmethodology

piece of wood with a size of 6.8 x 1.4 x 0.8 cm

(probably from the right external panel) and a bigger

piece of wood with a size of 11 x 0.6 x 0.5 cm

(probaly from the panel of the back side) (Fig. 6).

Before scanning the casket with the method of
Computed Tomography, questions were raised
regarding the exact interest of study, including:

¢ the structure of the casket

o the kind of materials used for the creation of the
artefact (such as type of woods, binders, etc.)

¢ the thickness of the colour on the surface

o the material of the white decoration (whether it is
ivory or alabaster).

To answer these questions, it wamsidered more
appropriate to perform three scanning sessions: first
the casket with the drawers and all the detached parts
inside, second the side partition and third only the
white cube. For the scanning of the casket with the
Computed Tomography method the available scanner
from the Department of Engineering Sciences of the
University of Southampton was used. This scanner is
a dual source 225/450kV waik- room (Nikon
Metrology, UK). The scans were acquired using a
micro-focus 225kV source fitted with a tungsten
reflection target together with a Perkin Elmer XRD

Figure 6 The detached parts of the casket. 1621 detector. Table 1 shows the scan settings.

The missing parts include the locker, one of the four
wooden parts of the lid (which now reveals a crack
on the wooden base), two small wooden parts from
the decoation on the front side, twavhite trapezoid
shapedpieces from the lower front side and from the
bottom half of the left column on the left side. On the
back side a big wooden part at the bottom left side
and a small part at the bottom right side are imiss
and the internal wood is visible.

When the casket is open, a big crack is visible, Taple 1 Scan settings.
spanning from the right side to the left hinge. Both

hinges, lock and handle are rusted. The paper is in a4, Results

relatively good condition, although there are stains

probaby caused by humidity and a large missing The application of Computed Tomography resulted

piece on the right side of the casket. in detailed models of the casket and the detached
parts, which addressed the research questions
2.cPossible origin of the casket mentioned above. The results are analysed below.

As it was mentioned before, there is no information 4.aResults from the cube

about the history or the use of the artefact from the

museum. While researching its origin, it was The scanned images from the cube show a solid
discovered that some auction houses had similar ormaterial with clearly visible small minerals inside.
near identical caskets and were characterised as &he images were compared to Laznickeva
“17th Century Malines Alabaster & Ebonised Wood Gadetovés (2015) research about an ivory necklace
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in order to determine if the material of the cube is 4.bResults from the side partition

ivory. Figures 7 and 8 render the difference between

the ivory and the material of the cube obvious. The CT images from the side partition show that the
condition can be characterised as good. Despite
mary insect holes inside the wood, these are mostly
present at the framing and do not extend into the
main wooden surface. Thus, there is no concern
about the static maintenance of the object.
Furthermore, it is visible that two different kinds of
wood have been ed to create the side partitidhne
for the top and one for the rest of the side partition.
This is visible from the different tree rings and even
from the colour of the wood (Fi@®). Other visible
information from the CT images is the manufactgrin
elements, as binder glue and metal nails were used
for its manufacture. Glue was applied between the

Figure 7 A micro CT image of an ivory part of a alabaster and the wood.

necklace (Laznickov&aletova 2015).

Figure 9 CT image showing the two different woods.
Figure 8 The CT image of the cube from the casket.

In some areas, the presence of large gaps between the

) ) .. two materials magause detachment of the alabaster

The ivory appears to have growth rings in itS paquette from the wood (Fig0). In other areas, the
structure, similarly to other organic materials (for ihickness of the glue was 1.30 mm. The second
example wood). In contrast, the images of the cube pinging method was the use of three metallic nails to
differ due to the small stones or minerals on the 1,4 the pieces of wood together: one on the top in
Interior su_rface. These minerals also seem 10 the middle witha diameter of 1.59 mm and length of
illuminate differently from the rest of the material. 17.73 mm (Fig. 11), another also on the top but on

the right side with a length of 5.29 mm and one on
This does not mean that it is a different material from the bottom in the middle of the painted surface with a
the rest of the cubg. It cquld mean that the_ ‘stones” |ength of 8.37 mm. From the CT results the thickness
are more compact in their structure and this is why of the pant is also visible. Arexample is presented

they can be digitally isolated from the rest of the in Figure 12, with a thickness of 0.38 mm.
cube. In conclusion, from these images it seems that

the material of the cube is not organic, so it is not
ivory. Subsequeitt efforts were made to recogeis
what kind of inorganic material the cube is made of.

Unfortunately, there are no databaseshwCT

images or papers with similar results available for a

direct comparison. However, based on existing

knowledge and with the employment of established

techniques, such as digital microscopy, it was

possible to compare the cube with other stone

samplesand conclude that the material of the cube,

and therefore of the decorative material of the casket, Figure 10 CT image showing the gap between the
is alabaster. wood and the alabaster plaquette.
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Figure 11 The metallic nail at the top and middle of
the side partition.

Figure 12 CT image where the thickness of the paint
is visible.

Finally, all the different elements are presented in
Figure 13 as they have been found. This provides a
basic map of where the materials are located. The
coloured surface had almost the same illumination as
the alabaster making difficult for them to be

details from the alabaster decoration and wooden
partsof the box (Fig. 14).

Figure 14 CT image with a perspective view of the
casket (image by Mark Mavrogordato).

Among the other findings that the Computed

Tomography revealed, a secret drawer was found
behind the two other drawers. The “secret” drawer
has a signature on the back, which unfortunately was
not able to be deciphered with the methods used (Fig
15-16).

separated. This might be because the red colour was

probably made from inorganic materials (cinnabar
HgS) (Elcher 2016).

Figure 13 The different materials of the side
partition: metallic na8 (blue), alabaster (white), oil
paint (pink) and wood (brown).

4 .cResults from the casket

Most of the information from the casket's structure
was captured with detail in grey scale, especially the

Figure 15 The three drawers (top view).

Figure 16 The three drawers (bottom view).

As the CT images show, the drawer is connected
with the other piece of wood with an adhesive (Fig
17). The bright white parts around the drawer are due
to the red paint on the front of the drawer. The
maximum thickness of the paint is almost 1nithe
recorded data from the casket shows that in general
the internal condition of the artefact is very good,
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specifically regarding damages from insects. On the lid the CT image showed that there are in
Particularly the front side of the casket has many total 14 nails, with sizes between 10.86 to 14135.
insect holes, which makes the area vulnerable and

requires immediate treatment, especially close to the

missirg part of wood (Fig18). In comparison, the

internal wooden part of the front side is in better

condition than the external wood. The right side of

the casket has only a few damages from insects

compared with the other sides, probably due to the

protection that the side partition provided for it (Fig

19).

Figure 20 All the metallic elements of the casket.

Finally, the nails which connect the bottom of the
casket with the wooden walls are three omffreide
and three on the back with a width between 17 and
20 mm.

On Figure 21 all the different materials of the casket
are visualised with different colours. In this case, the
painted surface was not so easily separated from the

Figure 17 CT image which make visible the ;554 and it is illustrated with a white colour on the
adhesive of the “secret” drawer. wooden surface.

Figure 18 Front side of the casket. Figure 21 All the different materials of the casket:

metallic elements (blue), alabaster (white), oil paint
(white on brown) and wood (brown).

Conclusion

The technology of Computed Tomograploan
provide accurate results of the external and internal
structure of an artefact, incomparable to the other 3D
recording techniques, but it is not very easy to be
used for condition reports. The main limitations are
the lack of colour information (1), thegh cost and
level of expertise needed (2), the absence of portable
Figure 19 Right side of the casket. equipment for data capture (3), the tim@nsuming
data capture and processing required (4) and the
The CT scan showed all the metal elements of thelarge file size of the resulting models (5). The results
casket, both visible and those included in the are visualised in a grey scale colour, which means
structure (Fig 20). Particularly interesting is the that the external surface does not portray the original
remaining part of the lock inside the wood. Other colours of the artefact, an important factor for
metallic elements were the nails which connect the condition reports. lis an expensive method to use
internal bottom of the casket with its wooden walls and it requires speciadid staff to use the scanner. It
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is not portable and gihat the object must be in good or could have been used in an artefact’s industry.
enough condition to be moved and it requires to be of This database has to include not only pictures of the
a specific size for fitting inside the scanner. It is materials but also the density of each material,
considered a timeensuming application, if it takes presenting the histogram of the brightness and
into account the time needed for the object to be contrast adjustment in order to understand more
moved to theeomputed tomography lab and the time about the origin of its material, like in this case the
spent on both the recording process and the time tooil paint. Considering that until now only the density
learn and apply the data processing in advancedof air and water are knowimom previous work on
software. medical Computed Tomography (Mavrogordato,
personal communication), the proposed database
Especially for projects where condition reports for signals a step forward both for CT technology and
large collections are commissioned and there is acultural heritage.
limitation of time, it would be inconvenient for these
3D capturing applications to be used. The time it Acknowledgements
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Ztdyoc tov Gpbpov givan M Topovsioon TOL £pyov aAVASEENC TG apyXooAoYIKNC KAnpovoudg tng Brescia
(ItoAio) Pbioet ¢ mpoomadelng avaTAPAGTACNS TOV TOTIOV NG oapyoiag TOANG HEC® NG YPNoNG VEWV
TEYVOLOYIDV. APYOIOAOYIKES OVACKOPIKEG EPEVVES OTNV TMEPLOYN EXOVV TPOCPEPEL EMAPKN OTOLYEID YO0 TV
AP HEAETN Kou avacvuvBeon Tov apyaiov Tomiov, e amotéleoua va eivarl topa epikti N €kOeon e&aiciwv
OPYITEKTOVIKADV TPOTACEWDY, OYL LOVO Yl0L TNV TPOCTOGIO SUPOPETIKMOV apYainV OTPOUAT®V 0AAY KOl Y10 TNV
gvduvapmon g a&iog Toug 6To TaPdV. AOKIUACTNKAY TEIPOUATIKA SPOPETIKA epyareia Yo TNV TOPOLGINGN
™G TEPLOYNG KOl TOV apyaiov TOmMOV 0TO KOWd Kol dlepeuviOnKay SLUPOPETIKEG TEYVOAOYIKEG ADCELS Yol Vo
eMAEYEl 1 TPOGPOPOTEPT YO TIG OVAYKEG TMOV EMIOKENTMOV: €va Bivieo mov Aettovpyel g Unyovi ypovov Tov
ta&dedel S0 LEGOV TMV EMOYDV, €0KOT Pakol Yo TNV TPOPoAN EMALENUEVIG TPAYUATIKOTNTOG ETAVED GTO
@UOIKO TOTi0, KOOMG KOl GUOKELEG EIKOVIKNG TPAYLOTIKOTNTOS Yol TNV TOPOVGINGT TOV 0pYaiov TOTiov Tng
Brixia og amopakpuopévo akpoaTiplo.

This paper presents an ongoing project to enhance the archaeological heritage of Brescia (ltaisgdtinge

the ancient urban landscape using contemporary technolBgi@seans of extensive archaeological excavations

the ancient landscape has beerrahghly studied and understood in detail; it is now on public display within
exemplary architectural solutions which protect the ancient remains and enable their valorisation. Various tools
have been tested to present the archaeological areas and ancient city to the public and different technological
proposals were assessed in order to select those most appropriate for communicating with visitors: a video
operating like a timenachine across the ages, special glasses with augmented reality overlaying the natural
landscape, as well as virtual reality devices to present Brixia's ancient landscapes to a remote audience.

Keywords:Archaeology, Augmented Realityjrtual Reality, Enhancement, Brescia

Introduction

The ancient town of Brescia, named Brixia two
thousand years ago by the Romans, is located about
90 km from Milan. The site has been inhabited since
the 3% millennium BC; the remains of Roman
Brescia are still very well preserved in the heart of
the city centre and form an urban archaeological
park.

The City Museumis housed in the monumental
complex of Santa Giulia, a female monastery built in
the 8" century AD and enriched with further
structures and decorations until theé"®ntury AD
(Stradiotti 2001, Brogiolo & Morandini 2014).

In this large area, at the junction between the lower

hillside and the plain, ancient Brescia's historic

monuments are concentrated in an uninterrupted

sequence of buildings and layers conserved atFigure 1 Aerial view of the city centre showing the
different levels (Rossi 2014) (Fig. 1). archaeological area.
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1. Research and enhancement project

Following a longestablished tradition of interest for
the care of archaeological heritage (shown by
Brescian institutions since 1480), the Brescia
Council, the Archaeological Superintendency of the
Italian Ministry of Cultural Heritage, Activities and
Tourism, the Brescia Museums Foundation, together
with the Lombardy Regional Authority, launched an
ambitious project to give back to the city its ancient
core and to make it accessible to everyone
(Morandini 2016).

Thus, both the archaeological area and Santa Giulia

monastery complex have been undergoing

progressive development work for nearly 20 years. It Figure 2 3D reconstruction of the city in Roman
should also be noted that both places wetedisis times

UNESCO World Heritage in 2011, in the serial site

“Longobards in Italy. Places of the Pow&D( 568-

774)" (Morandini 2015).

Archaeological excavations in the Capitolium area
brought to light an uninterrupted sequence of
religious buildings datingrém the 4 century BC to
the 1% century AD, yielding very important
information about the history, religion and
architecture of the site, which is unlike any other in
Northern Italy. Archaeological data were refined by a
research team with diverse, but complementary,
skills with the aim of summarizing and representing
life in the ancient city across the centuries, so as t0Fjgure 3 3D reconstruction of the"2century BC
offer visitors a highevel presentation which is  temple
nevertheless readily accessible.
(a) The videooperates like a time machine across
Thus, the ancient landscape was studied in dapth  the ages and offers visitors a journey through the
is now on public display within excellent centuries while they are waiting to enter an

architectural solutions which protect the ancient ynderground part of the archaeological area (Fig. 4).
remains and enable their valorisatidiorandini &

Rossi2015). On conservation grounds, visitors must wait a few
minutes before entering a temple dating to the
2. Operating methods and instruments beginning of the % century BC This provides a

valuable opportunity to appreciate the history of the
Various tools —operating at different levels are place, the site's outstanding importance and the
now available to present the archaeological area andsequence of religious buildings. By meansviafeo
ancient landscape to the public, based on theprojection — which takes visitors back in time

following documentary base: through images we avoid encumbering the itinerary
- detailed specialist publications with phase with explanatory apparatus, guaranteeing an
drawings (Rossi 2014); uninterrupted view of the ancient remains and a

- 3D reconstructions of the natural scenery and direct approach without too much written

buildings, combining photographs, drawings and information.

sketches, developed from archaeological records

(Fig. 2-3). This video received the Gold Medal for Interactive
These documents are the foundation on which the Media at F@AIMP2.0 (Festival of Audiovisual
project is based; different technological solutions Internatioral Multimedia Patrimony) organised by
derived from them were evaluated in order to select AVICOM (International Committee for Audigisual
the tools which best targeted our visitors. and New Technologies for Image and Sound of the

International Cancil of Museums) for the “Best

We worked on (a) video, (b) virtual reality devices product of the year in multimedia technology”
and (c) innovative editorial products. (November 2016).
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reason, we felt that it was important to identify the
best tool to resolve this problem. The availability of a
large number of 3D reconstructions ready for use in
an immersive visit -without any alteration to the
ancient monuments- led us to experiment with
Augmented Reality.

In collaboration with ArtGlass, a group that supports
the development of cultural orgamisors with up to
300,000 users in 14 projects, the museum started to
design this special visit (ArtGlass 2017). By means
of a software platform that integrates -cultural

. . heritage Augmented Reality content with wearable
Figure 4 At the entrance to the archaeological areaadevices, visitors can enjoy a mixture of real and

video illustrates the_development of the site and virtual and interact with the ancient monuments (Fig.
monuments through time. 6-7)

(b) Virtual Reality devices are very useful for
presentingBrixia's ancient urban landscape at other
venues. The use of aBisung Gear VR Apps
produced by Carraro Lab, allows visitors to access
360° pictures, videos and 3D reconstructions of
ancient Brescia, immersed itheir surroundings
(CarraroLab 2017). These might be used in a
classroom or in another museum to present the city's
archaeological heritage and its ancient landscape.
These devices enabled Brescia to present its ancient
patrimony in Milan during EXPO 2015, where they
received very positive feedback from thousands of
people.

Figure 6 Visitors wearing ArtGlass spectacles
(c) Innovative editorial products: in a guide book on
the archaeological area there are -€ides that
activate external contents, e.g. 360° 3D
reconstructions and videos, offering a higlality
visit before reaching Brescia, or after having been
there (Fig. 5). These are especially valuable for those
people who will never visit the area (Morand#ai
Rossi 2015). All the contents have been uploaded
onto an upgradable platform.

Figure 7 Real picture (left) and Virtual Reality
reconstruction (right) of the Capitolium temple in
BresciaBrixia (1° centuryAD).

These devices are latest generation smart glasses and
can be adapted to different solutions on cultural sites.
Visitors are guided along an itinerary through the
area by an audio narrative (available in various
Figure 5 One of the publications on the languages) and are invited during the visildok at
archaeological area, with Qéddes. particular details or shapes. These function as
markers and activate Augmented Realty contents.
Furthermore, a particular focus of our efforts was the
development of Augmented Reality glasses provided The device overlays 3D reconstructions and dynamic
with an audio guide, to be used by visitors inside the videos onto the actual surroundings, rendeting
archaeological areaAlthough the archaeological —ancientbuildings as they were in the past, while
area is very well preserved, the temporal sequence ofavoiding any technical or direct interventions on
the remains may not be clear to all visitors. For this ancient walls or decorations.
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Using a common smartphone while walking,

additional content is automatically activated on the derived

glasses, such as a historical image of
archaeological excavations overlginthe ruins in

the accurately

project were greatly satisfied, because all the data
from archaeological excavations were
reproduced and wused to inform
conservation interventions and strategies.

view, a short video showing the interior of the

Republican temple (Fig. 8) or 3D reconstructions of These technologies open up new paths to the
the monumental complex during the Roman Imperial enhancement of archaeological heritage. Actual
age - with the Capitolium, Forum and Basilica reconstruction of monuments is made redundant, as
together with the hill surmounted by anothemple, visitors can enjoy the view of alternative virtual 3D
and the city walls. The latter content enables visitors reconstruction proposals, discuss them and decide
to experience walking through the ancient city and which they prefer. Besides, these media can include
enjoy, after nearly two thousand years, the original further alterations or improvegnts on the basis of
urban landscape of Roman Brixia new research studies and new 3D reconstructions.

Another advantage of this technology relates to the
accessibility of the content, especially to people
coming from different countries and cultures. These
tools were made available duy the 2015 EXPO,
when many tourists from all over the globe came to
visit museums and archaeological areas in Brescia.
By avoiding ordinary texts and drawings, and using
images and audio in different languages instead, it
was easier for a diverse audience to understand the
shape of a Roman city, its main monuments and the
quality of their decorations. Listening to a story that
takes the visitor travelling through the centuries was
appreciated by most, children or adults.

4. Current and future plans

Thes encouraging results led us together with the
same team (ArtGlass) to apply the same strategy to
another archaeological area within the City Museum:
the socalled “converdgarden houses”, two
excavated Imperial Roman period dwellings that
were opened to the public in 2003. This area became
part of the museum after two years of archaeological
excavation and research; visitors to the site walk on a
raised pathway (thus avoiding direct contact with the
By means of the smart glasses, visitors learn aboutancient structures), enjoying the impressive remains
different hypotheses regarding the original buildings of thosetwo houses dating to thé'and 2° centuries
and become aware of the methods used b AD (Morandini 2003).
researchers in archaeologs most of these tools
have been used in an archaeological area for the firstAt present, labels, drawings, texts and a short video
time, we have established a test period involving are available to visitors. In 2017, we will be able to
visitors, during which hardware and software may be offer a visit with AR, representing the dwellings
revised in an effort to improve. from above, opening their roofs and showing the
houses from inside, just as they looked in Roman
Visitors are asked to fill out forms, leaving their times As already mentioned for the previous
comments and suggestions to improve device archaeological area, the virtual reconstructions are
performance and content quality. Following their based on the detailed studies produced at the end of
suggestions, we hope not only to improve the tools at fieldwork research (Fig 9-10).
hand, i.e. their ease of use and clarity, but also
reconsider theirental fee.

Figure 8 Interior view of the early 3l century BC
temple (above); 3D reconstruction of the temple,
complete with cult statue and decoration (below).

Our next step targets the introduction of the same
technology in the Early Medieval church of San
Salvatore, also to be found within the City Museum
(Brogiolo & Morandini 2014). Using the smart
The experiment conducted in Brescia has beenglasses people will see the walls decorated with
greatly appreciated by visitors, since all devices are intact frescoes as well as the original marble
userfriendly, furnish interesting information and ornamentationand once again will travel through the
entertain. In addition, all researchers involved in the ages (Fig. 11-12).

3. Evaluation of the experience
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Figure 9 Interior view of one of the “convergarden
domus”; in the foreground, a room with floor and
ceiling (&' centuryAD).

Figure 10 View of the ceiling of the room looking
upwards (3D reconstruction).

Figure 11 San Salvatordanternal view

Figure 12 San Salvata: cetail of stucco decorath
between nave and side aisle.
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Hepiigyn/Abstract

H nolMtiotiky mpotoPovirio “The UrbanGame[BETA]" Eekivinoe 10 Mdio tov 2016,6t0v 0p)atoAoyikd ydpo
TV vemooikov g ZEag, otov Ilepard. Koprog o16x0g ¢ eivon va emovampocdiopioet T oyéon UETOED
EeYAGUEVOV YOPOV LUVANG KOL TAPOVTOC, EIGAYOVTAC Ui VEO YMPIKH S1doTact HEcm Tov gamingkol tpoBoinv
ynoekov épymv téyvne. Expetailevdpevor ) duvatdtto mov TopExovv To moyvidie 6to v odnyodv tov
EKAOTOTE TTOIKTN TPOG EVOL GUYKEKPLEVO GTOYO0, dNovpynOnkav wayvidia torov “casual”,ta onoia giyov og
OKOTO TNV EUTAOKT TOV ¥pNoTN € pio oelpd emitevéng otoy®V, Héca and Tovg omoiovg glye Tn dLVUTOTNTO VA
aVTANoEL TANPOPOPIES YO TO YDPO KOl VO TOPUTNPNOEL OPYLTEKTOVIKA KATOAOUTA KAT® OTO TIS GOYYPOVEG
dopéc, péoo amd évo mEPPAAAOV EMOVENUEVIG TPOYUATIKOTNTOG. TNV Topodoa gpyocio, cuintodviol Ta
anoteréopata tov “Urban Gamé, kotd v mhoTiKh ToV €QapUoyT, GXETIKA [e To pOAo Ttov “casualgames
OTNV EVIOYLON TNG EUTELPIOG TOV EMCKENTOV KoL TI] GUVOEST] EKTAIOEVLONG KAl TOATIGLOV.

The “Urban Game [BETA]” is a cultural initiative that was launched in May 2016, &dhencient shipsheds

of Piraeus. Its main goal is to redefine the relation between forgotten places of memory and the present, by
introducing a new spatial dimension produced mainly by gaming and digital art projeta&imgy advantage of

the ability of games to lead the player achie@pecific goal‘casual games” were designed aimatgengaging

the usersn a number of quests through which they were able to aciqfisrmation about the site and observe
architectural remains under modern structures, throughugmAntedReality environment In this paper, the

resuts of “The Urban Game [BETAJ'Will be discussedregarding the role of casughming in enhancing
visitors’ experience and connecting education and culture.

Keywords:Gaming, Casual Games, Heritage Interpretation, Zea Shipsheds

Introduction Reality (AR) and Virtual Redly (VR) applications
(Champion 2011, Renevier et a2005) and the

Computerbased games can be generally described creation of serious games (Anderson etzl10).
as challenges that require specific strategies to beThese techniques have been used as a medium in
adopted by a player so as to achieve certain goals0rder to improve a visitor's spatial experience, by
while the outcome has no impact to their physical réthinking the ways they can interacittwa site or
environment. Furthermore, they have been an e_xh|b|t and t_he |nform§lt|on they can obtain. Two
considered as knowledgeeking activities to the Dasic observations leading to this approach have
extent that this “knowledge is reached becaoke been the decreasing number of visitors of younger
activity and during activity” (Champion 2016). agde and the so called “museum fatigue”
Games have the ability to turn somebody into an Phenomenon (Avouris et a014, Bitgood 2009).
active participant rather than a passive recipient of At the same time, studies have shown the

information, ~ triggering their creativity and importance of such applications in learning
imagination. processes by increasing motivation, attention and

encouraging social interaction (Economou & Pujol
Over the last years, an increasing number of 2011, Pujol & Economou 2008). However, casual

museums and cultural institutions have been trying 92ming applications seem to Mea been less

to exploit this potential of games in order to present €xplored in similar contexts.

historical and archaeological information to

contemporary visitors and to activate the Even though in the last few years casual gaming has
individual's sensorial acts, physical reactions and appeared as a major trend in gaming industry, to date
cognitive mechanisms through the creation of an there has not been a satisfactory definition of casual
immersive experience (Aydin & Schnabel 2016). playing. “Casual” remains a complex concept that is
Gaming has surpassed the field of leisure activities connected not only with certain features of games but
and has been used for heritage and educationalalso with certain attributes of game playekéyra
purposes, usually connected with Augmented 2015. Chiapello (2013) suggested that successful
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casual games should be challenging, but not of high2010) — and presence in everyday life, mostly

difficulty, retaining a balance at the ratiotleen

through social media and mobile apps particular

challenge and skills. Adams (2002) attempted a mobile games are being adopted by more and more
distinction between hardcore and casual gamers,people as they can be played irrelevantly of the
based on a list of 15 weighted variables that could location and circumstances (LeaveM&lson 2016).

profile a gamer through qualitative measurements.

The second reason is the abilibf gamesto lead

Among others, these included playing games over playess towards achieving a specific target; in our

long sessions, comparative knowledge of the
industry, preference on game complexity and
familiarity with gametechnology advances.

More often than not, when talking about casual

caseto get acquainted with a monument. Through a
gamified experiencéhe player might feel free to act
independently, but in reality their decisions are based
on directions imposed by a computer systenthwi
strict rules and limitations, so that gradually they

games, we mean games that are used by mas®ecome part of that system. As a result, players

audiences, usually dine or onmobile devices, with

becomethe subject of an illusory freedom, which

not much attention being paid on the genre of the may render their experience personatisand unique
game (e.g. puzzle and card games, strategy,butin effectit leads them to think over and react in a

adventure etc.). In contrast to hardcore games,

games that are characterised by more complexity,

particular way and have specific targets.

higher competition and require a more advanced Next to gaming, a simple Augmented Reality
skill-set, casual games are characterised by simplerapplication wasdevelopedas the most appropriate

rules and more friendly interfaces, while they are
easier to control and do not require a legn
commitment in order to be accomplished. Mayra
(2015) also provides a more detailed list of casual
games characteristicsbased on theGameSpace
project data.

In the present papesome preliminaryresultsand
conclusionsof “The Urban Game [BETA]" project
are presentedegarding the role of casugaming in
enhancing visitors’ experience.

1. Aims of the project

The “Urban Game” cultural initiative was launched
in May 2016 as a pilot version (BETA). Based on
international practices (ICOMOS 2008) and
interpretation approaches (Brochu & Merriman 2002,
Tilden 1977), its overalhim is to reintroducelocal
communities to important, yet forgottempnuments
and sitesof their region that have fallen into
oblivion, because of the city’s incapability to

medium in order to present any remaining
architectural features. Augmented Reality (AR) adds
data, such as virtual objects and labels, in order to
enhance the real warland amplify the perception
someone has on reality, thus making it ideal for
presenting archaeological sites and monuments to a
wider public.

2. The Site

The first monument to implement the concept
described above was the archaeological site of the
andent shipsheds at the port of Zea, in Piraeus.
Piraeus was largely developed in the earffl 5
century BC, when nominated as the port city of
Athens and turned into a major commercial and
military center, taking advantage of its three natural
harbours. Zea was the main harbour to host the
Athenian fleet.

The shipsheds found in this area were oblong
structures,shelteringa leaning slideor the hoisting

integrate them in the urban fabric. Consequently, the and launching of the ships, separated rbws of

main objetives areto raise public awareness and
render those “urban voids” igral parts of the urban

pillars. They were originally built to house triremes
so as to protect them fromeather conditionsand

fabric. The idea is to make those places accessible toconduct the necessary reparation workscording
the public, by organizing an event and turning them to archaeological evidence and literary sources, by

into lively places of social interaction and
knowledge. People will have the opportynib get
acquainted with littleknown monuments of their

region through an educative and creative prqocess

while the place that hosts the eventris-édctivated”,

the end of the @ century BC there were 196
shipsheds at thEea harboufLovén2011, Pakkanen
2013).

The bestpreservegart of the site, Were the “Urban

proving that can be an essential part of a modern city Game [BETA]” took place, is today secluded inside a

The means employed for this purpose are gaming

small pilotis alongside the foundation of the

and gamification techniques supplemented by AR superimposeduildings (Fig. 1) The siteconfronts

features along with digital art projections.

Gaming was chosen to complemerd gvent for two

severe conservation problems, related mostly to
humidity. Even more, itis always closed to the
public. As a result, next to conservation issues, most

main reasons. The first reason is its popularity — of the local population is unaware of its existence,

especially amongounger people (Anderson et. al

missing an important part of their cityhséstory.
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Figure 1 The archaeological site in the pilotis of a
school yard.

Figure 3 A young visitor trying to solve a riddle.
3. The Games g y g ying

. .+ A memory double card game (Fig. 4), which,
The games that were used, d“”f‘,g the  pilot \yhen successfully completed, revealed to players the
implementation of “The Urban Game”, belong to |ocation of parts of the monument that are buried
some of the typical genres that fall in the “casual ,nder the pedestrian stteof Akti Moutsopoulou,

gaming” categorywhile at the same time, in order to allowing their viewusing an AR feature.
enhance people’s interest, “escape room” riddles

were incorporated in the app. These specific game
genres were thought to be the most appropriate for
the pilot version, as a simply structured medium of
interpretation ad provision of information in order

to improve visitors’ experience. Those games were
inspired by elements of the archaeology and history
of the site and were no different than games most
people are used to playing online or on their mobile
devices. More specifically, these included:

e Sliding Puzzle games that depicted pictures
corresponding to the reconstructetews of the
monument (Fig. 2) or other images related to it, such
astriremes, the ancient Greek \saips. Figure 4 Screenshot of a memory double card game.

Maps of the area, images from pastcavations,
architectural and archaeological drawingsere
employed,so as to reconstruct the floor plan of the
site, put it in the context of the modern urban fabric
and integrate botim the design of the games and the
AR application(Fig. 5).

Figure 2 Screenshot of a sliding puzzle game.

» Riddles that could be solved by acquiring “clues”
throughout the game, which were connected in one
way or another to the history of the site or the
shipsheds themselves (Fig. 3)

« A Mine Sweeper game, through whigiayers
were able to deduce which parts of the site were later
additions ad do not form part of the original
monument.

+ An orientation game using an image of the All visitors had the option to download the app on
original measured drawings made by Wilhelm their devices or use it on tablets available on Site.
Dorpfeld helping players understand their location menu of the app was available in both Greek and
inside the urban context English. Through this app they could undertake a

Figure 5 The app interface and main menu (in
Greek).
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tour themselves and get information abthat site by
playing the gameslif a game was successfully

30 years tw. The significant majority were locals or
from nearby regions, while a small minority were

completed, players were awarded with a badge thattourists.

unlocked levels of higher difficulty, a classic means
of gamification that pushes people towards trying to
get a 100% completion percentage. Athe same time,
they had the chare to discover a part of the
archaeology and history of the site, either by

Despite the fact thatll visitors used the application,

this gamebasedapproach appeared to be particularly
appealing tochildren and young people. Underage
visitors seemed more willing to follow the proposed

watching a video or by observing features through steps, which meant scanning all QR codes and trying
the AR environment. Every time they completed one to complete all different difficulty levelsas well as

of the gameghey hadto moveto another spot in
orderto continue and Ern moreabout the shipsheds.
Quick Response (QR)odes were helpg them to
initiate their game,find the hidden remains under
modern structureand get informed about the digital

discovering as much information as possible.
Consequently, they spent more tinpdaying the
games and using the application. In contrasbst
adult visitors focused omvatching the vides and
retrieving information about the site and the digital

artworks that were displayed on site. Even though griworks

there was a proposed route ande ufor the
application, visitors were free to use it in their own

It is worth mentioning that although visitors aged up

fashion, skipping some games and use it only t0 i around 4M5 years were moreomfortable with
observe features and get information about the S'teusing the application independentlgs(expected at

and digital art works (Fig. 6).

Figure 6 Visitors using the app and interacting with
themonument and the digital art projections.

4. Results

Observations and  informal postexperience
interviews were employed to understand the
contribution of casual gaming in the context of such
an eventand its role as a medium fopublic

some level), visitors exceeding that age also
expressed their interest in learning to use the app,
even with some help from the supporting staff of the
event. However, as a general observation, it can be
supported that most of the visitors found it quite easy
to interact with the app interface and play the games
without any further guidance.

The informal discussions with the participants, after
their visit, had a basic usability testingaracter and
were mostly targeted in acquiring some feedback on
the design of the games and their contribution in the
visitors’ overall experience. Most people under 25
years old described the games as “fun” and “easy to
follow” or just “interesting”. Usrs of younger age,
mostly adolescents and children, although attracted
by the games,they considered them to be
“sometimes easier and simpler than tepuld” and
expected the games to be “more challenging”. On the
other hand, a significant number of adult visitors
seemed t@njoy these games since, in contrast with
most VR and AR games used in heritage, “they did
not require a high skill set to pfagnd“the interface
was familiar”.As a result, they could easily find their

engagement, especially among younger audiencesway and use the app. Some of the visitors also

revision of
heritage are

Userbased evaluations for the
multimedia methods in cultural

important for the future success of such applications,

not only with regard to thie technical aspects but
also forvisitor engagement (Chrysanthi et 2D13,

expressed their content regarding the
communication of archaeological information
through multimedia methoddn addition, almost
every child or adolescent that participated in our
survey said that they hadquired at least one piece

Champion 2016). Although, in our case, there were of informationabout the site and its use during the
no structured questionnaires, we had the opportunity ancient times.
to get some preliminary results and ideas on the use

of casual games in heritage interpretation.

The event lagtd 9 days, during which 504 people
visited the site. About 200 of them participated in the
informal interviews. The age of participants ranged
from 7 to 62 yearsJust undem half of them were

5. Discussion

Even though a structured user evaluation was not
intended during this pilot version of the “Urban
Game”, it was possible to readome interestig
deductions pertaining to the implementation of

school students and nearly a third were between 18 casual games in heritage interpretation and to
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examine their potential in theeritage sector. Casual usability testing, usability inspection methods would
games appear to be an appropriate medium tobe of equal importanceso as to identify any
communicate  historical and  archaeological problens and improve the user interface design
information, eitherduring the activity or after the (Karoulis et al 2006). Heuristic evaluations, based
activity, through texts, images and videos. Their on accepted usability principles as released by
familiar interface and simple control demand Nielsen (1994), have been broadly implemented
minimum effort by the players/visitarshus giving early stages of game desigithey form an
them the chance to focus on the content. By being appropriate method to be combined with other -user
aware of what needs to hipne, the players feel based methodologies in order to provide relatively
receptive to additional information content quick and inexpensive feedback to interested parties
However, when it comes to the presentation of (Pinelleet al.2008, Sutcliffe & Gault 2004).
archaeological remains, an AR or VR application
seems to be not only more effective than traditional Conclusion
display methods and simple game inteefgdut also
essentialand, at some point, anticipated by the Taking into account the results from our observations
visitors. and the discussions with the visitptkis early stage
evaluation carhelp us improve the application and
Through their popularity and “simplicity”, casual its underlyingconcept so asto be more fulfilling to
games can reach much wider audiences than justits educational and learning purposes and more
young or computer literate people, includivigitors attractiveto a greater audience, regardlegsage.
of older age; an important aspedien disseminating  Even though the results are preliminary and the
cultural content. This could potentially help bridge application is in need of improvement, the
the gap between “digital immigrants” and “digital aforementioned approach verified the contribution of
natives” (Presky 2001). Studies investigating  technology in nofformal learningand introduced
videogame playing as a form of cultural casual gaming in heritage interpretation as an
consumption, have shown that vidgamers are not  uncompli@ated and understandable medium. Even
necessarily of a younger age or of a specific gender.more, it demonstrated that similar attempts can be
Although game playing is more appealing to younger more successfulin terms of visitors’ engagement,
cohorts, even older people can enjoy vigemmes  when trying to keep it simple and implementing
regularly, provided that the technological barrier is techniques and patterns that most people are familiar
removed.Such being the case, we have to consider with.
the heterogeneity of the player8ofowiecki &
PrietoRodriguez 2014). Nevertheless, the Acknowledgments
challenging character of the games should not be

overlooked in favor of an intuitive app environment.  The project was supported by STARA fellowship
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IepiZyyn/Abstract

AVTIKEIEVO TNG TTOPOVGOS EPYOCIOG OMOTEAEL M TTOpAy®YN EKOVIKNG TTpaypotikottag “Ayia Zoeia: 1500
xpoévia Totopiag”. Eotialer om dnmovpyio tov tpiodidotatov yoapoktipov péod omd Tig mnyég Kol To
OPYOLOAOYIKA EVPNLLOTO, GTNV OVATTLEN TOV YNPLOKOV LOVTEAOD TOV VOOV GE TPELS SLOPOPETIKEG TEPLOSOVS TOV
Bulavtiov kot ot S0pOpO®OT TOL YLXAY®YIKOD Kol EKTOLOEVLTIKOD YOPOKTNPO TNG TEAMKNG TAPAY®OYNG.
AvoAdovtol To TPOPANUATA TOL TPOEKLYAY KOTA T OTULOVPYi TOV YNQLIKOV LOVTIEA®MY KOl 0L ADGELS TOV
npoxpidnkav. Ilepypdpoviar ot Teyvikoli mEPOPIGHOT TOL HEGOVL TNG TMOPUYOYNG KOl OVOOEIKVOETOL 1|
KaBoploTIKY TOVG EMdpaoT ©T0 TEAIKO OTTIKO omotéheopo. TEAog, yivetar oOVIOUN avaEopd GTo
TPOYPUUHOTIOTIKO OKkEAOG TNG Tapay®yNG. To Tedikd omoTéAecpo TG TOPUYOYNG EMOLOKEL Vo TaEIOEWEL TO
Ogath TapEYovTag TOV Lo OAOKANPOUEVT EKOVE TOV TapeABOVTOC.

The objective of this paper is to present the virtual reality producHiagia Sophia: 1500 years of Historyt

focuses on the creation of 3D historic figures based on various sources and archaeological finds, the
reconstruction of the digital model of the Byzantine chuirt three different chronological periods and the
shaping of the entertaining and educational character of the final production. The problems posed during the 3D
modeling process along with the selected solutions are discussed, while the technical limitations applicable to a
real time production are described with a special emphasis on how these determine the final visual outcome. A
brief presentation of the programming aspects of this project follows. The resulting production seeks to embark
the viewers on a journey, exposing them to a comprehensive view of the past.

Keywords:Hagia Sophia, Virtual RealityReconstruction, 3D Model, Dome, “Tholos”

Introduction 1. Basic concepts

"Hagia Sophia: 1500 years of History" is a Virtual Before describing our work on this project, we must

reality production of the Foundation of the Hellenic clarify certain definitive aspects concerning the

World (FHW) for the dome theater "Tholos" of the medium we work with and its limitations. These

Cultural Center "Hellenic Cosmos", released in limitations and the ways in which we address them,

December 2015. It has been an ambitious project fordetermine to considerable extent the look and feel of

a World Heritage monument of paramount cultural the resulting production.

and religious importance, comgrig of a narrated

virtual guided tour, which not only offers 1.aVirtual Reality

information on the building itself, but attempts to

provide a comprehensive view on the past. Virtual reality (VR) can be defined as an artificial
alternate reality achieved through technical means.

FHW's mission is the preservation and dissemination 1"€ participant in a VR project is immersed in a

of Hellenic culture. Since the late 1990s, iBD" digital environment with at least two of the five

Graphics and Virtual Reality Departmeritas been ~ S€nses, sight and hearing, to achieve suspension of

using cutting edge technologies to reconstruct the disbelief. Movement and interaction is possible

past aiming at different audiences ranging from Within this environment.

school visitors to academics. In this paper we will be

focusing on: 1.b Real Time Graphics

the 3D tati f historic fi The graphics usetb reconstructvirtual worlds for a
a) the 3D presenta |on. ot historic |g|T|re_zs, ~ VR project are called Real Time Graphics. They are
b) the 3D reconstruction of the building of Hagia most commonly encountered in computer games, and

Sophia, and are dependent upon hardware advances. Rieat
c) how these are brought together into this Graphics are created in such a manner that they can
entertaining and educational program. be rendered by comfmrs fast enough to simulate
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natural uninterrupted motion. However, to facilitate
fast rendering, certain restrictions apply.

We use “low polygon meshes”, i.e. 3D models of
simpified geometry. The size of the respective

texture maps has to be small and to abide by the

“power of 2" rule with a maximum of 2048 2048
pixels. To achieve a sense of realisme combine
diffuse/colour, specular, normal, ambient occlusion
and opacity texture maps for our models usimader
technology(see Andreadigt al. 2010, Wolff 2013).
Finally, for animation we use specific types of
skeletal “rigging” of the 3D models that are easier to
process byhe computer and enable specific types of
motion. All models created for the Hagia Sophia
project animated or ngtwere bound by these
specifications and restrictiofiBig. 1).

Figure 1 Inauguration of Hagia Sophia in ABB7. A
screenshot of the actudR environment.

1.c The “Tholos’ dome theater

axis joystick and 4 buttons. During the show visitors
are asked to perform actions either competing against
eachother (in quizzes for example) or working
collaborativdy using the joystick to navigate to a
specific point (Christopoulos & Gaitatzes 2009).

1.d Interactivity and educational goals
It has been suggested that VR projects should strive

to have a successful blend of three components
(Kampaet al.2015, Roussou 2006):

representation,i.e. to visualie accurately the
reconstructions,

experience, i.e. to present the virtual environment
with motivating elements that incorporate
knowledge, and

- interaction i.e. to provide the ability to gain
insight by actively engagingnd even modifying
the experience.

Based on these three components we tried to
implement the principles of current VR
entertainment and game industry practices to provide
the educational and entertaining aspect of this
project.

The immersion and suspension of disbelief necessary

for a successful VR experience of Hagia Sophia is

dependent on both hardware and software.

Tholos, the realime VR Dome Theater of FHW is
essentially theVR system where this prodtion is
displayed. Tholos utilises a fully digital projection

system, configurable in monoscopic, stereoscopic or

a mixed mode of operation. It is using 6 pairs of

seamlessly blended SXGA+ projectors which display

synthesied imagery on a tilted hemispherical
reflective surface of 13 m. in diameter (Fig. 2)
(Christopouloset al. 2006 Yu et al. 2016) The

auditorium is designed to host up to 132 visitors at a Figure 2 FHW “Tholos” Dome

time and to offer a truly immersive and interactive
experience within &irtual world.

It is advocated (Doulamis et &@011, Schell 2003,
Schell et al. 2001) that a successful entertainment

This system is operated by a museum educator guideexperience should use the right combination of:

via the combination of a joystick and a manipulator
tracker. By developing redgime productions that do
not contain preendered content, we provide user
interaction for all visitors in @ler to increase viewer
participation. Every visitor seat is equipped with-a 2

- interest to focus attention,

- empathyto make us feel we are part of the story,
and

- imagination, to let the visitor fantasize alternate
realities.
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Storytelling proves to be the best vehicle, as the explore the application with a human guide, because
spectator is compelled to identify with the narrator it allows direct interpersonal interaction allowing for
on an imaginary journey to discover the Hagia the museum educator to immediately adaptthe
Sophia building and its history. A carefully audience and solve doubts or provide more
constucted script and the guided tour are intended to information. In this respect, the experience is
capture the visitor's interest with the aid of computer regarded to be more vivid and spontaneous compared
graphics. to passive mediumlike movies or planetariums.

Interactivity is considered a cornerstone in creating 2. Production Overview
engagement by building an overlap between
perception ad imagination that allows for the direct The Hagia Sophi®R production cosists of narrated
manipulation of the virtual world. Games can take segments and guided segmerits the former, the
events of low inherent interest and still be viewer experiences a spectacle passively, similar to
compelling, as they make up in psychological watching a movie or a documentary. All that is seen
proximity. During the experience of the Hagia and heard is predefined. In the latter, a museum
Sophia 3D walkthrough, the visitors participate in educator takes full control of theavigation and
quizzes and can determine what places to visit. Theprovides freely guided tours through the building.
museum educators are also able tehad initiate This method allows the museum educator to adapt
interactive quiz and voting procedures with a range the tour for varying audnces facilitating a
of varying questions depending on each user group. personalied and unigue experience. It also enables
the visitors to participate through a selection of
1.eGamification aspects games. The audience is asked questions and provides
answers through the four multi coled buttons
Those who believe in using games for education areinstalled on each seat. The narrated segments and
often motivated by the observation that game playersguided segments are intertwined to offer a more
regularly exhibit persistence, risk taking, attention to challenging experience.
detail and problem solving skills. Such qualities are
deemed ideal for successful learning. WdsiBD The first priority of any educational institution is to
simulation technology for educational purposes is not maintain its scientific and educational character. A
a new concept; in the past two decades immersivevariety of disciplines, ranging from 3D artists and
VR has attracted the attention of many researchersarchitects to historians, worked together to produce
and educators (Lee et @008, Roussou & Slater all our 3D assets, historical information and
2005). storyline. We made elaborate use of computer game
technology and high fidelity Real Time Graphics,
However, recent advances in creatingledgame trying to keep a unified appearance throughout the
applications embedded with effective learning entire project. The visual quality was considered
principles (Anderson et al. 2009, Leaning 2015) and crucial for achieving an interesting and compelling
studies on human omputer interfaces for the experience.
entertainment industry Schell et al. 2001, Shell
2003 suggest that a combination of successful Following exensive historical research and taking
practices in these areas could provide motivating under consideration a series of historic events related
experiences and strong tools for learning in to the construction and the history of the Hagia

educational virtual environments. Sophia building, work began on forming a script.
The objective was to present and underline the
1.f The role of the human guide spiritual, cultural and political importance of Hagia

Sophia, as well as the architectural and decorative
Museum educators are being commonly used ascharacteristics of the actual building.
mediators for VR tours. When work started on the
Hagia Sophia project we deliberately chose to Although the Hagia Sofia has an extensive 1500 year
include the participation of a museum educator as along history, we choose to reconstruct what are
prerequisite, since it proves to be very beneficial for considered the building'ost crucial changes both

the educabnal context. in architecture and decoration, to accommodate a 45
min. dome theatre show. Our historical researchers
Recent studies (Economou et 2D08, Pujol et al. identified key periods for which we created elaborate

2009, Tzortzaki 2001) highlight that the human 3D models. AD 537: initial construction of the Hagia
factor, embodied in the presence of the guide asSophia, AD 558: remvation and alteration of the
mediator, remains one of the most crucial factors in dome after a major earthquake, AD 879: creation of
terms of educational benefit, entermaent and important mosaics and organisation of the major
construction of meaning for visitors. The studies ecumenical session that regulated matters between
conclude that the majority of visitors prefer to the Catholic and Orthodox Church, AD 1204: sack of
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Constantinople with damages to the church by the
Crusaders, AD 1261: reconquest of the capital by
Michad Paleologos, crowning ceremony in the
Hagia Sofia and effort to renovate the building, AD
1346: major earthquake which demolished the dome
and parts of the supporting arcs, doled by
reconstruction interventions, AD 1453: sack of the
city by the Ottomans and conversion of Hagia Sophia
to a mosque

Once the script had been finalised, the necessary 3D

models for the production were outlined. In time,
historic texts, atheologi@al finds and existing
material were translated into our final 3D models.
With the addition of animation all 3D assets were
gradually brought together into a VR application,
which handles all interaction and projected visuals on
the “Tholos” dome. Finally, the production was
complemented with sound design and music.

3. Building reconstruction

The 3D & VR Department of the FHW has been
creating architectural 3D reconstructions for video,
printed media, multimedia, web and VR productions
since 1997. Most pfects involved the reconstruction

of buildings and cities from the classical times that
exist only in ruins.

The 3D reconstruction of Hagia Sophia presented us
with a new challenge. Hagia Sophia has a continuous

life of 1500 years. It was built in thé"&enturyAD
as the greatest Christian church of its time and it
survived the destructive forces of time, nature and

humankind until the present. It has been used as an

Orthodox Christian church for a thousand years, as a

mosque for another five hundred yeand since the
1930’s as a museum and World Heritage monument.
Our 3D reconstruction of Hagia Sophia had to stand
the comparison with the real building aotfer the
spectator additional information. As it is intended for
the general public, it had to leenclusive for all ages
and educational level§.he main difficulty was the
size and complexity of the building, as well as the
abundance of available information or occasionally
the lack of it.

According to the script, we created several 3D
modds (Fig. 3). These consisted of the interior of
Hagia Sophia in three different periods of time, the
Justinian (8 century) church with the original and
the second dome, plus two more versions of the 9
and 13' centuries. We also constructemdels of the
extefor of the church in the same three periolds.
addition, we made descriptive animated model of

Figure 3 From top to bottom, intéor and eterior
views of the rendered 3D model and animated
visualisations that explain the construction of the

the church showing the design concept and the staticbuilding.

problems that the arckitts had to solve during
construction.
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Due to the specific needs of the project (VR with low respective profiles were used for extrusions or
polygon models and low resolution textures) the use revolutions.
of a 3Dscanned dataset for the reconstruction of
Hagia Sophia was not a feasible option. Instead we For the texturing of these models we used three types
constructed our models from scratch, based on theof maps:diffuse/colarr, specular and normal maps to
drawings by Robert Van Nice (1910994) Van constructa wide variety of materials, such as flat
Nice conductea largescale survey of Hagia Sophia marble surfaces of various cals (e.g. wall panels,
from 1937 to 196%Van Nice 1963, Van Nice 1964, floors), marble relief panels, opus sectile panels and
Van Nice 1965). In 1965, Dumbarton Oaks published decorations, relief decorations, metals (e.g. gold,
the first installment of his drawings in 25 plates. We silver, bronze), nofigurative mosaics and finally
had in our disposal the augmented edition of 1993, figurative mosaics. In addition, ambient occlusion
with 46 plates Prof. Dr. Volker Hoffmann (Bern), maps were baked on a per scene level. We didn't
one of our consulting experts, having conducted have the opportunity of taking pictures inside the
himself a 3D laser scanning of the interior of Hagia Hagia Sophia. Therefore, we used every image
Sophia in 2003, was able to confirm the accuracy of available from books and the Web as reference for
these drawings. the construction of our textures. We also used all
written descriptions on parts of the building now
Manual reconstruction of a building on the badis 0 missing such as the Abo referenced in the
architectural plansand its successive decimation, “Description of the Ambo” by Paulus Silentiarius.
without losing significant information, can be very
difficult and long. This work, however, can produce \We organied a collection of marbles of different
valid and qualitative reconstructions, provided that colours and we adapted them to the size and specific
the result is examined by experts, as was domair needs of the project. We took care to allow
case. Digital reconstruction of sites or buildings from differences in every texture, so that there is no
drawn sources remains a productive approach whenrepetition. For the geometric decorative mosaics, as
3D laser scans are not available (Tal 2012). well as for some opus sectile panels, vector drawings
) ) o were made and these were then filled with the proper
The Van Nice drawings were scanned in high- textures (Fig. 5). On all mosaics, as well as on the
resolution image files. These digital pictures were golden background of the walls and ceilings,
imported successively into SketchUp Pro. They were gpecular and normal maps were used to construct the

checked for scale divergence in |ength and width necessary glOW, reflection and relief of these
caused by possible expansion or shrinkage of thegyrfaces.

physical paper plates and they were corrected
accordingly and scaled to 1:1. Then they were
centered and placed in their proper position in 3D
space, thus forming a grid of plans, sections and
elevations on which the construction of the 3D
models was referencefig. 4).

Figure 5 A collection of diffuse/colar textures
showing decorative mosaics and opus sectile.
Figure 4 Embedding of the 2D sections and plans in
3D space. The figurative mosaics form a separate category in
terms of texturing. Photos and drawings were used as
Three modelers worked withhis grid. While reference for their reconstruction. In the areas where
building the models, the team took care to reproduce the originalfigures had been destroyed, we traced the
as faithfully as possible all variations in size and estimated contour of their missing parts and we filled
form of the architectural members of the building, the golden background around them. We consciously
such as the columns and pillars. For the constructionrefrained from any effort to complete missing figures
of details such as cornices, doorposts, column basesvherever there was lack of sufficient evidence. The
or wall dados etc. detailed vector drawings of their textures used were larger in size compared to other
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textured features. The “Deesis” mosaic, for instance, differently in the § and 13' centuries, both in terms

is 5.95 m. wide and 4.08 m. tall covering almost an of design and materials (e.g. the epitrachiliwarn
entire wall.In order to capture its unique detahge by bishops).

resulting maps had to be equallyga at 2@8 x2048

pixels. Topresent the actual look and feel of such Once the available information started to make sense
mosaics we created sets of amlospecular and the 3D modeling process begun. It was a creative

normal maps. dialogue similar to putting together a puzzle with
several missing pieces, often tracing our steps
3. Character Reconstruction backwards as the 3Dnodel was gradually being

formed. Notes were kept on all types offidirent
The reconstruction of historic characters and aspects for each character, such as age, height, hair
costumes is most commonly and traditionally colour and style, skin compkion, eye colar,
encountered in the form of illustrations. Howenar possible type of garment, garment decorations, fabric
recent years renactments and forensic facial colours, possible decoration combinations, shoes,
reconstruction, both material and digitahve often boots, accessories, belts, buckles, arms, and so much
offered stunning resultsAlthough the above have more, depending on what information was available.
been a major source of inspiration, our approach to
thereconstruction and presentatiohdigital historic During this process questions emerged almost on all
figures for a VRproject was dictated by the very aspectsof recreating the clothes and heads of
nature of this medium. This meant that the amount of characters. These were addressed by trying different
detail present in our final models had to be supportedinterpretations and selecting the ones that offered
by three1024x 1024 pixel textures and 3000 to 4000 more credible visual results. In the case of the
triangle geometries. We could not afford for emperor Michael VIII andaugusa Theodora we
computationally demanding cloth simulations, experimented with the size of the gems borne on
animation rigs, or complex shaders, which are their clothes and crowns, the width of their imperial
otherwise used in 3D computer graphics. “Sakoi” or the reconstruction of the “Vaio” held by
Theodora based on the ™4entury illumination of
Overall, a total of 22 historic figures were created for Anne of Savoy and a contemporary description
the different scenes, excluding the crowd visible at (Verpeaux1966).
the coronation ceremony of emperor Michael VIII
Palaiologos in 1261. These 22 characters cover aThe first step was to define gender and body type.
wide spectrum from sixth century laymen (Makri From these, a base 3D model was created, which was
2009) to thirteenth century clergymen and Varangian clothed in high resolution garments. Clothing was a
Guardsmen (D' Amato & Rava 2010). At the same particularly dialectic process as the final result had to
time, the available information on these characters satisfy both the nearest illustration anck ttextual
varied greatly from the case of the emperor Justinianand archeological information gathered on each
who was one of the best documented characters tocharacter. The definition of cloth templates and
that of the unnamed thirteenth century deacons. seams was particularly challenging, as their
simulation on the base model was computationally
The process of recreating a real time digital charactervery demanding and unpredictable. The templates
started from an illustration. Wherever possible this and folds often had to be reworked, while on
illustration would be contemporary or near occasions the initial interpretation of how the cloth
contemporary to the intended date of depiction. would have been sewn was not successful. In the
Otherwise a modern or more recent interpretati  case of the metropolitarf®r instance, the original
would be used. A careful study of relevant texts from designs were considerably altered, when revisited a
a variety of sources (see Heath etl#195 Kalamara  year later ¢ better match ‘9 and 13-14" century
et al. 2001, Rrani 2003)in combination with depictions. The cloths of the patriarchs were also the
archeological finds were used to help understand andmost complex to achieve, as four main layers of cloth
supplement what the illustrations depicted. fell on top of each other: omoforion, failonion,
epitrachilion and stoicharion and their simulations
Creating 3D models on a 1:1 scale requires accuratehad b be dealt with repeatedly, in successive order
information which is farfrom present in the often  (seeFig. 6).
stylised Byzantine illuminations. Although modern
illustrations of Byzantines are often more detailed, Once the high resolution cloth models were made,
their accuracy is subject to the interpretation of the they had to be textured. During this process additional
original sources. In addition, archeological finds detail was added, including colours, patterns,
related to clothing and accessories from this period additional creasesnd fabric texture. This was made
usually only offer a fragmentarynpression of the  possible with the use of colowand specular map
original artdacts. Furthermore, certain types of textures and on occasiavith detailed normal maps
similar garment that are still in use today ev@nade to enhance the final appearance of the cloth.
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Figure 6 Patriarch Photius: high resolution model
left (529,726 trianglesand low resolution model
right (3,565 triangles). Notice the successive layers
of garments.
, ) Figure 7 Coronation of emperor Michael VI
Afterwards, a low resolution model, appropriate for Pdaiologos.
use in the VR program, was produced, on which
diffuse, normal, and specular maps wiakedfrom
the high reslution one, using projection mapping
(Petinneo 2015(Fig. 6).

Work on the head and hands followed. The hands
contained small variations from onbaracter to the
other, mainly in size and skin caio In the case of
the heads work be@n with the low resolution
geometry shaped into place according to what we
knew of each character. The head was mapped with a
colour map and a more detailed version would be
sculpted in 3D from which normal maps were
extracted. Finallya specular map would be created
based on the color map. Figure 8 Top to bottom, various states for the model
of Isidore of Miletus and the respective
One of the bigger challenges was the creation of diffuse/colar normal, specular and ambient
realistic long beards particularly for the™8entury occlusion texture maps.
characters. A multitude of beard photographs were
used for their composition, while special attention With the completion of the low resolution bodnd
was paid to the creatioof detailed opacity maps to head the character was ready for “rigging”. A
describe stranded hair and the geometry on whichskeletal system of bones was created for the
these were mapped. The final style had to match thatmovement of both the character’s joints and clothes.
seen on 18 and 14 century wall paintings and During this processthe topology of each bone and
manuscript illuminations Hig. 7). Out of all the its associations with all other neighboring bones was
characters, the emperorsfinian was the one with  defined, wihle the 3Dgeometry was bound onto this
most sources on his appearance. Descriptions of himskeleton on a per vertex level to deform accordingly
survive along with certain contemporary depictions, (Andreadis et al. 2010) The characters were
most notably the mosaic at the Basilica of San Vitale animated using motion capture clips and key frame
in Ravenna. Yet the information available was still animation for primary motion and rigid body
hardly enough for thelegree of detail required, so simulation for secondgrmotion- as was the case of
features like pores, wrinkles and muscle details were Justinian’s cloakand perpendulia. Justinian was
added to provide a realistic rendering. In the case of perhaps the most difficult character to animate with
Anthemius of Tralles and Isidore of Miletus we the most complex skeletal system (i.e. rig). During
could infer their age, guess their hairstyles from the coronation scene of emperor Michael VIII, where
contemporary illustrations and attribute skin and eye the church had to b#lled with a crowd, the use of
colours common to Mediterranean peoplEgy.( 8). animation was avoided as the frame rate (number of
Finally, another interesting example was the head of frames displayed per second) was drogpamd any
Patriarch Photius. Its design was influenced by key motion would become randomly fragmentead
features common in religious icons depicting him, therefore, very distracting. The characters were
such as white hair and beard, black brows, strongposed instead into place withe use of a rig, while
cheekbones, big forehead etc. ($¢g 6). Overall, the geometry of the resulting models was modified to
the head models were worked rather freely, appear more natal (Fig. 7). Findly, all models were
especially in the details, but always with respect to exported into the appropriate 3Dormat for
surviving information. integration into our engine.
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2.b Creating the Crowd VR system, advancing at each frame according to
user and application dependent variables. This set of
data is however limited and consists only of user
interaction primitive actions (e.g. button presses,
tracker input, joystick values) and a global
application reference clock. The master unit
synchronigs the slaves using special synch packets

and provides a highly parallel execution that has

Filling the church of Hagia Sophia with a crowd for
the coronation of emperor Michael VIII, without the
engine slowing down almost to a haltas the final
challenging task of the projecas far as character
renderingwas concerned (Thalmann et @&013).
Creating an effective system for rendering moving
crowds is a particularly demanding task. Since, almost zero scaling evhead (frame lag) when
however, the crowds in our case had limited adding new slave units/nodem this manner a
movement inside the church, we deployed an older consistent constructiomf the virtual world from
method based on image based rendering techniquesnultiple viewpoints and on multiple screens is made
(Pleines 2008)A set of ten characters were derived possible.

from those already prest in the scendo limit the

use of extra textures. They were all given a new EVS supports mulichannel setups, allowing
colour map with two sets of garments and thus monoscopic, passive steremtive stereo or left/right
twenty different model variations were obtained.  individual eye operation through a custom developed
Then, each model waposed at a different stance display library that handles arbitrary display surfaces
creating even more variations, until a group of 132 and viewing modes. In this manner an application
different characters was reached. The church wascan be configured to run on a variety of gistems

populated based on this group.

While populating the church, it was possible to verify
that it could actually be filled with approximately
25000 people (Dewing 1961). The most elaborate
aspect of this endeavor was polygon reduction, i.e.
the process of reducing the amount of geometrical
complexity and detail for the VR program to run
smoothly. From an initial “polygon count” of
approximately 1.5 million triangles was possibleéo
reduce the geometry down to less than 370.000
triangles. This was achieved:

- by eliminating all characters not visible to the
camera,

- by creating front and side planes, texturally
presenting theharacters who stood at a distance,
and

- by reducing the geometry on the remaining 3D
characters into several levels of detail, depending
on their proximity to the camera and the camera’s
viewing angles.

4. The technology behind the “Hagia Sophia”
project.

To drive a multidisplay environmentsuch as a
dome, multiple graplhs outputs have to be
synchronied at each frame to generate partial views
of the same panorama.

4.a Software

The VR software used in the Hagia Sophia project
was the irhouse developed Enhanced Visuatiien
System (EVS). EVS supports cluster rendering
through a custom protocol that was developad
designed specifically for the synchrongtion of
multiple cluster units, consisting of a central unit
(master) andnultiple subunits (slaveq)Gaitatzeset
al. 2006) Each unit is a completely self contained

such as CAVE, Re#ty Center, Dome, Powerwall as
well as on single screen desktop monitors and
HMDs. Different setups are easily configured
through a simple and effective XML script allowing
multiple configurations to be present in a single file
and share some common features if necessary
(Andreadiset al.2010).

Our engine is script based, meaning that ASCII script
files describe the virtual world and user interactions.
EVS also allows the programming of dynamic
interaction and events usihg the Lua programming
language. The actual rendering module was
developed on top of OpenSceneGréRhi 2012) It

is written in C++ and uses OpenGL for cross
platform graphics rendering. (Fig. 9hows the
architecture of the entire environment, developed on
a Linux operatingsstem.

Figure 9 The EVS architecture.
4.b Shaders

To bring this virtual world into existence lighting and
shading calculations were performed through
programmable shaders. EVS provides a Shading
Language called ESL (Enhanced Shading Language).
ESL is an enhanced version of the OpenGL Shading
Language GLSL(Andreadiset al.2010)
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In the Hagia Sophia project different shaders have Computer  Genereated Sceriery in  IEEE
been used to present more accurately and Proceedings of the 14" Panhellenic Conference on
convincingly a variety of surfaces (e.g. human skin, Informatics(PCI'l), Tripolis, Greece, ppl48- 152.
marble slabs, golden mosaics, silk and linen clothes,
metals) as well as geometries (e.g. marble reliefs, Christopoulos D. and Gaitatzes A. 2009.
mosaic tiles, opus sectile, belt buckles, cloth creases,'Multimodal Interfaces for Educational Virtual
human wrinkles) (Fig. 10). Environment, in [EEE Proceedings of the 13"
Panhellenic Conference on Informatics (PCI'09)
Corfu, Greece, 102 September 2009, pp. 1204.

Christopoulos, D., Gaitatzes, A., Papaioannou, G.
and Zyba, G. 2006Designing a Redime Playback
System for a Dome Theatein Proc. Eurographics

7" International Symposium on Virtual Reality,
Archaeology and Intelligent Cultural Heritage
VAST, Cyprus, pp. 3%0.

D' Amato, R. and Rava, G. 2010. The Varangian
Guard 988-1453. Oxford: Osprey Publishing

] ) o D' Amato, R. and Sumner, @005.Roman Military
Figure 10 The Nave: view to the west and Basileios Clothing (3): AD 400-640. Oxford: Osprey

Gate, displaying a multitude of shaders. Publishing.

Conclusion Doulamis A., Liarokapis F., Petridis P. and Miaoulis

G. 2012. Serious Games for Cultural Applications
All the way from sources to reconstructed 3D we j, Intelligent Computer Graphics 2011. Studies in

tested different possibilities providing a new vantage Computational Intelligence, Vol. 374. Berlin
point for further research. Despite the difficulties peigelberg: Springer, pp OTL5. ’

encaintered when combining different sources and
the technical limitations of the medium we work Economou, M. and Pujol, T. 200&ducational tool

with, we were able to deliver an enhanced visual o expensive toy? Evaluating VR evaluation and its
experience, an educational and entertaining glimpse g|evance for virtual heritageNew Heritage: New

to the past. Media and Cultural HeritageEdited by Y. E. Kalay,
T. Kvan and J. Afeck, pp. 242260. London:
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ATAAIKTYAKEX E@APMOI'EX I'TA TO NEANIKO KOINO.
ENA ITAPAAEII'MA TOY E-BYZANTINOY KAI XPIXTIANIKOY MOYZXEIOY

I1. BOEZNIAHX

Ynovpyeio [ToAtiopov kot ABAnTiopov, Bulovivo kot Xpiotiavikdé Movceio
pvosnidig@culture.gr

Hepiigyn/Abstract

Alovhovpue T Sebtepn dekoetio Tov 21°° adva kar 1 cviiTnon yio Tov poAo mov wailovv ot véeg texvoroyieg
oTNV eKTodeLTIK Oladikacio eivar 1daitepa emikoipn. Meydia ompdcio povoeio dwbétovv aveEdptnteg
10TOGEMOEG TOV €YOVV, KLPIMG, EVIUEPOTIKO YAPAUKTIPO Yol TIG SPAGELS TOVG. e KATOl [Lovoeio vdpyovv o
EKTOOEVTIKEG EQPUPHOYEG TOL GTOYXELOVV ©TO Vveavikd Kowo. To Bulavivo kot Xpiotiaviké Movceio
npoydpnoe dvvapkd, to 2015, oV KoTOoKELT PG YNOLOKNG TAOTQOPUOG UE GKOTO VO ETIKOVOVI|GEL UE
TOWKIAEG KT YOpieg KOWOL. L& 0wTd T0 TAAIG10, To Movceio oyediooe Kol KOTUOKEDOCE GEPH EKTALOEVTIKMDY
EPAPLOYDV OV 0KOAOVBOVY Ta GUVIHOT TPOTLTO, TYETIKA VEX Y10 Ta dedopéva TV povoeiov. Me apetnpia ™
poviun éxbeon aglomolovvtor ekBERATO e OKOTO APEVOG VO KEVTIPIGOVV EVYAPIOTO TO EVOLUPEPOV TOV VEAPDY
YPNOTOV KOl VO EUTAOVTICOVV TIG YVMGELS TOVS KL OPETEPOV VO EVOPPHVOLV L0 KPITIKY HOTIE OTEVAVTL GTO
avtikeipevo. Méoa omd Tov Toryvimon Tpomo S1adIKTLOKNG ETICKEYNG 10mG dNpovpyndel kot n avaykn pog
LLOVGELOKNG EUTELPLOC GE TPAYUATIKO YpOVO Kol TOTO.

In the second decade of the®2dentury the discussion on the role of new technologies in the educational
process is quite timely. Big state museums have their own web pages, providing mostly information on their
activities. Some museums offer alsoline educational applications, aiming at attracting young audiences. In
2015, the Byzantine and Christian Museuauncheda digital platform intended to engage various audience
categoriesln this framework, the Museum designed and implemented a seedsicdtional applications, based

on welktried practices, which are, however, relatively new to the Greek museums reality. Elements of the
permanent exhibition are used in ways that intrigue young users, giving them a chance to enhance their
knowledge as ®ll as to grow a critical attitude towarthuseum objects. Thus, the playful context of the online

visit may give rise to an urge for experiencing a museum visit in real life.

Aééerg Klewowa: Bulavive kol Xprotiovikd Movoeio, Euwovikd Movoeio, Exnondevtikés Epappoyésg, Tayviol
Mvniung, Iali, Awiypata

Ewayoyi

Awavoovpe NON 10 TEAOG TNG SEVTEPTG OEKOETIOG TOV
21" owva. H ypion tov véov texvoloyidv
TnpoPopiag Kol emKovviag otV kKodnuepvotntd
pog etvor mor dedopévn kar avoykaio. Doowd Ki
EMOUEVO  MTOV Ol  TMOMTIOTIKO{-EKTONdEVTIKOL
opyaviopol, 6mwg givar to povoeia, vo akolovbncovy
TOL KEAEOOUATO TNG EMOYNG. ZVYKEKPUEVA, TO PEYAAQ
eMVIKd dnpocto. Movoeior éyovv Eexvhoel pua
Tpoomafelo Vo dOGOLVY TO GTIYLO TOVG GTO YDPO TWV
YNOUK®V EQPAPHOYDV, TOGO og BEpaTo TeKUnpioong
GLAAOY®DV 0G0 Ko og Oéuata mpoPoAng kou emt-
kowwviog. H avantuén mAnpo@oplokdv custnudtov
Yo kpomoelg  Béoewv, mhAnon  ewoumpiov,
NAEKTPOVIKO EAEYYO AGPAAEING, SIUOIKTVAKY TMANGN
wpoidvtov eivar amd TG POCKEC aviykeg oV
ypewletonr vo koAveBodv. Extog avtdv, ov véeg
teyvoloyieg divovuv ADGELS Yo Tapoyn TANPOPOPToNG
Kol pLabnong HEcm QIMKOV EQAPUOY®OV, OTOL KOPLOL
emodioén eivar o ypnotng va Ppebel oe ocvvOnkeg
SGdpaong.

1o Bulavtvo ko Xprotiovikdé Moveseio (BXM), 1
EVTOTIKN] TPoomdfelo GYedlOGHOD Kol Opyavmong
avolTdv ObA®MY ETIKOWVOVIOG HE TNV KOowwvia
Eexwva and to 2000. 'Eva amd ta opdpata tov 10T
dtevbovt Tov Movoeiov, tov agipvnotov Anuntpn
Kwovotdvtiov, Ntov to Movocegio va amotedécel
onpeio avaeopds Yo T TOATIOTIKG dPMUEVA KOL VO
dnpovpynfet m aicbnon evodg owelov ymdpov. Na
evionwBel ot cuveidnon TV TEPIGGOTEP®V OTL TO
BXM egivar to «Movaceio Magy.

1. H mponyodpevn KoTAoTAGT]

H Swdwrvakn tpofoin tov BXM g&uanpetovvray
amd tov kouPo OAYEXEAY tov Ymovpyeiov
IMoAtiopov kot AOAntiopov (YIIIIOA) pe molv
MEPLOPICUEVEG  OUVOTOTNTEG, TOCO ®G TPOG TNV
OPYITEKTOVIKT) TOV OGO KOl MG TPOG TN duvatdtnra
avanTuEng dadpactikdv epappoydv (http:/od/sseus
culturegr/h/1/gh151jsp?obj id=3349 emiokeym
19/06/2017).
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Ewovae 1 H mpotn emionun 1otoceiido  Ttov
Bulavtivod & Xpiotiavikod Movceiov.

Inuepa, Kotafdriovion  mpoomdbeieg omd TNV
appddio vanpesio tov Yrovpygiov Moltiopov kot
ABAnTiopol yuo avaBaduion tov kéuPov. H avaykn
va mpoPdrhovion oxedov oe kobnuepwn Pdon ot
dpaoelg, ot ekbBécelg (Loviun Kot mePLodKES) KaBdG
Kot ot cLAAOYEG, odnynoe avamdépevkto, T0 2004
(xpovid eykawvimv Tov TPMTOL UEPOVS TNG HOVIUNG
ékBeong), otov  oyxedlacpd  pwg  aveEaptnng
16T00€Aid0c Tov BXM, oty omoia -yia TpdTn Qopd-
7o 1010 T0 Movceio elye ™ pepikn dayeipion Tov
nepieyopévov (Boovidng 2008, 98-99). H oelida
Nrav oxedaopévn oe flash yopic eviaio cvotua
dwyeipiong (Ew. 1). Etot, av kot aieOntikd Moy
KOVOTTIOMTIKY, TPOKTIKG  dNpovpyoboe  moikila
TpoPAuata, OT®G OoVTO TG  AVOVEMGONG  TOV
TEPIEXOUEVOD, YEYOVOS TOVL  OVIIUETOMIGTNKE L€
epporopaticég Tpostnkes Kot BEATIOCELS.

2. H véo wotocehidoon

Ot avénpéveg emKovaviaKég avaykes, ot SLVCKOALES
ot dloyeipion tov mepeyopévou kon 1 embupia yio
avavéoorn oty oetntiky ™G 10T06EMB0G
dnpovpynoav T Tpobnobicels yioo Tov oYEJAGHO
pog véog (Ew. 2, Boovidng 2011, 104107). Me
dedopévn v mpomyovpevn eumepia, TEONKE ©C
TPOOTALTOVUEVO 1| OMpovpyia vOg TOAD g0YPNOTOV
OLOTNILATOG dlayelptong oe Ola, oxeddv, Ta enimeda
Aewtovpylog g totooelidog. H dbpBpwon (site
map) NG mponyoduevnS KpathOnke, pHe Alyeg
Beltidoelg. Xtoxog Mtav 1 TPoPoAn TG HOVIUNG
ék0eong (to mpdTo pépog pe exbépara and tov 5°
dwg 15° amdve gykawvidomke 10 2004, 10 Se0TEPO
uépog pe exbépara omd tov 16° éog tov 19° adva
gykawidotnke to 2010). 'Etor, 660nke peyodvtepn
éupaon og ovtd 1o medio: mANBdpa exbepdrov,
TAOVGLO0 QOTOYPUPIKO VAIKO Kot amAd GUVOSELTIKA
Kelpeva.

Amd 10 2010 péypr onpepa, to BXM vmdpyer xon
EMKOWVOVEL YNOoKG HECH OVTNG TNG 10TOGEAMDAG,
evd &yer emexktobel Kol oTO HECO  KOWMVIKNG
dwktomong (Facebook ko Twitter, kavait YouTube),
T OTO10. TPOPOSOTOVVTAL, G €Ml TO TAEIGTOV, OO
Vv emionun 16ToceAda.

Ewova 2 H mopovco emionun 1otoceAido Ttov
Bulovtivod & Xpotiavikov Movoeiov  (http://
byzantinemuseumr/, enickeyn 200/2017).

X Sdpke TV XpOvVOV NG Asttovpyiog g, 1M
wtoceMido  Tov Movoeiov €yl avTIHETOMIOTEL
KUpiOG ®G EPOPUOYN TOV  GUUTANPDOVEL TNV
EMKOWOVIKL TOV G€ 0,TL POPA TIG SLAPOPEG OPUCEL
tov. [Ipdkettan yio po Tpocsyyion mov eivot dtéyvTn
oe mWOAAEG vanpeoieg tov Ymovpyeiov TToMtiopo.

‘Etol, eved amd 1t pio or teyvoloywés e&eAitelg

mpoywpodv  G€  O,TL  0QOPA  TOV  AEYOUEVO
CEKOMUOKPATIGUO TNG YVAOGCNEG» KOL TO «GUUUETOYIKO
Hovoeioy, amd TNV AN Tapotnpeital Suompayio Kot
vrotipnon tov poélov mov pmopel vo maifel 1O
S10dikTVO TPOG aVTN TV KatevBvvo.

Mw amd 11c Poacwkéc artieg etvor 1 EdAewym
MOTOCE®Y YO TNV TOKTIKY,  AEAOYIOUEVN
avoPaduon tov vrodopdv (gite apopd oe eminedo
OPYLTEKTOVIKNG KO TPOYPUUUATIOUOD €iTE apOopl o€
eninedo vlkoteyvikoy eEomiopov). H avalnmon
moOpOV Yoo TNV KGAvyM TETOlWV damavadv  etvot
Wwitepo  SVOKOATN, €WOIKA OT  CUYKEKPLULEVN
GuyKvplia.

3. To Bvlaviivd km Xpotioviké Ewkoviko
Movocio

‘Etor, 10 Emyepnowoxd IIpodypoppo  «Pnetoxn

Xoykhon»  (Ewdwog Xtoyxog 2.1. «Belktimon g
kabnuepwvng Long péow TIIE — Iodtyun cvppetoxn
Tov moMtdv otnv Ynowxn EAAGSo» tov A&ova
Ipotepadtrag 2  «TIIE «xot BeAtioon g
[Mowmtog Zongy) édwoe v gukarpia oto BXM, 1o
2012, vo TWPOY®PNCEL OTOV  CYESWCHO  LLOG
TAUTQOPLOGC, LE TNV TPOGOOKin Vo TEPAGEL IOl GTNV
«moyn g  O0dpaongy. To  vyog  TOL
TPoHTOLOYIGHOD  avepyoTtav oto 205,000 evpo.
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To épyo mpoypoatomomnke pe TN OladKacio NG
OVTEMOTAGIOG, YEYOVOG TOAD ONUOVIIKO QoL
enéTpeye o010 1010 TO HOVOEID v TOPAKOAOVOEL,
oteva ko o€ Pabog kabe Prpa Tov. Aviikeipevo Tov
£€pYov MTOV 1 GLVOAKN Ynouwk® dwoyeipion tov
GVALOYDV Kol TV Agtovpyidv tov BXM xot 1
ovamTuEn  SdPACTIKOV TOATICTIKDY  EPAPUOYDOV
Yo ™ OdIKTLOKY TTPOGPROOT] OTIS GLAAOYEG TOL
TOAMDV KOl SIOUPOPETIKAOV OUAd®V Kooy og €BviKd
Kot O1eBvéc emimedo: yevikoh KOOV KOl KOWOU LE
eda evdtapépovta. 'Eva modd peydio £pyo mov eiye
Nnon vyivet ta  mpomyovpeva  ypoOVIN, MTAV 1)
ymotoroinom tov 80 % twv cuAAoYdY Tov Movaceiov.
To BXM e&akorovBotoe va avalntel véovg tpdmovg
GLYKPOTNUEVNG TPOPOAIG TV GLAAOYOV TOL Kot
mapdAnia va mpoywpnoet oty ovafaduion tov
VINPECIDV TOV TPOG TOVG EMOKENTES,

To Boloviive ko Xpiotiaviké Ewxoviko Movoeio
é0nke og Aertovpyio to karokaipt tov 2015 (Ew. 3).
H otlocoeio g véag ynelakng Tiateopuag sivot
va  vmépyovy 0600 TO JUVATOV  TEPLGGOTEPES
Sovvdéoelg LeTald TV EMPEPOVS EVOTNTMOV KoL
EQAPLOYDV, SLOUEGOV TMOV AVTIKEWWEVOV GUAAOYMV
2V EKOVIKN] TEPMYnNon o xYpNotng E€xel
duvardotnta vo mepmyndel oxeddév 10 oOVOAO NG
poviung éxbeong Kol va mEPIEPYACTEL GLYKEKPIUEVDL
onueio  evOlPEPOVTOG OOV  TOPEYOVTAL OPKETEC
TANPOPOpiES.

[ephopPfdver  molvpeoikés, SodIKTLOKEG, — Oo-
OpOoTIKEG  E€QUPUOYEC, TOL  EVNUEPOVOLYV KOl
EKTOOEVLOVY,  YLYOYOYDVTIOG TOVG  EMIOKEMTEG,
cOpQwva pe MV apxf ™G Yyouxayoywing puébnong
(edutainment Topo T, TpoteiveTal po Tepynon
ot uéviun  éxbeon  pe  eVOAAOKTIKO  TPOTO,
SPOPETIKO OO TOVG UEYPL TOPA YVOSTOVS Y10, TO
BXM. O emokéntg «1pryvpviy avapeso o€
ymowokd ekBépata, Exoviag EMmALOV T duvaTOTNTO
Vo avooOpel TANPOPOPIeEG Kol Vo SNUOVPYNCEL TN
S Ttov aenynon. Ot TAnpopopieg TOv TPOKVHITOVLY
amd TG SKéEG Tov emAoyEG Umopohv va. cuvdedovv
YNOoKa pe GAAo avtikeipeva g poviung ékbeong,
N oKOUN KOl LE OVTIKEIPEVE TOV PVAGGGOVTOL GTIG
amofnkeg Tov Movoeiov.

"Eto1, 10 Movoeio, Yo Tpdn Qopd, TPOGOEPEL GTOV
YNOOKO EMICKENTN TO TPOVOULO Tng Béaong Kot
ATOANVOTG  OVTIKEWEVOV TOV ONOIdV 1 (QUOIKNY
mapovsio  eivor,  yuo  OAQOopovg  AdYoug,
OTTOKAEIGUEVT] OO TOV  IPOYUATIKO» YDPO TOL
Movoceiov. Ot yneideg TV TANPOPOPIOYV TOV
EMAEYEL O YPNOTNG OLVOETOLY TO UOOCAIKO NG
wotopiog tov avBpdnov kot TG Kowovidg T
OUYKEKPILEV]  OTWYU  TOL  TOPyOyov  Ta
CUYKEKPILEVO  OVTIKEIEVD, &vo HOodikd, OU®G,
Swpkdg —m¢ évav Pabuo— petafailopevo, apov
GUVOLOLOPPAOVETAL OVAAOYO. LLE TIG EKACTOTE EMIAOYEG
OV KAveEL KOOE eMoKENTNG HeTa&D TV TPOETIAOYDV
TOV ETUEATOV.

Ewéva 3 And v apykn ogrido tov Bulavtivod &
Xpotiavikod Ewovikod Movoeiov  (http:/Avww.
ebyzantinemuseuy, ernickeyn 21/9/2017).

4. O1 ekTOOEVTIKEG EQAPROYES

O YNooKég exmaldeLTIKEG EQUPHOYES evTayOnKav
®G VLTOEPYO OTNV  KATOOKELT, Tov  Ekovikov
Movoeiov ka1 €tol, Yoo TPOTN Qopd, d6Onke M
SuvatdTTa S1ddpacnG HE TO VENVIKO KOWO OTO
Awdiktvo. Eivar kovdg amodekto 0Tl o evolopépov
TV VE®V (Kot e0KOTEP TOV TALd1OV) £XEL 00N YNOEL
TOVG TOOAy®YOUS Kot GAAOLG emayyeApotieg Tov
XDOPOL VO SIEPEVVIIGOVY KOl VO, SOKILAGOVV TN XP1oM
TOV MNAEKTPOVIKOV TOYVIOIDV OF EKTOUSEVTIKOV
epyareimv (Gee2003). Ot eknoldeVTIKEG EQPUPLOYES
tov  Ewovikod Movceiov, dwbéoyeg ma oto
S1001kTVO, dEV O1EKIIKOVV SAPVES TEYVOAOYIKNG 1
povoelonaday®yikng kawvotoptog. H culntmon vy
mv aflomoinon g YNEOuwKNG TEXVOAOYiaG oTnVv
EMKOWOVIK [LE TO VEAVIKO KOO £)el EeKVIOEL €0
KoL TPELG deKOETIES, e TOAD EVOLOPEPOVTESG OMOYELG
KoL TPOTAGELG KOl ApOOVEG EPapLOYES deBvac.

Ymv mepintoon tov BXM, akoiovOnoape Tig
Baowég apyéc g ynoakng  dopesordfnong,
epapuolovtag  SOKIOGUEVEG KOl OCQUAEIG
TPOKTIKEG, TPOKEWEVOD, HE OVTH TNV AQPETNPLOKT
dpaom, va JHOPPOCOVUE €ve GTEPED MANIGLO
YNOWIKNG  «OIKEWOTNTOC»  KOL  OVETITNOELTNG
EMKOWVOVIOG, HOKPLE amd GKOPOVG QUPUMVIGLOVS
Kot eEelnuéveg 1 emMBEIKTIKEG ADGELS, LE TIS TUYOV
ovvemayopueveg OLVOKOAlEG O  ouLVINPNON KOl
vrootpiEn tovs. E&apyng, n mpoomdbela ftav vo
EVOOUOTOCOVUE TIC TANPOPOPIES Y10 TO. ETIAEYLEVOL
avtikeipevo - ekBépata mov mepthappdavovv ot
YNOLOUKEG EPAPLOYEG OE TOTOVG PUCTNPLOTHTOV TOV
0o evBappHVOUV TOLG YPNOTEG VO HEAETHGOLV TO
avtikeipevo 1M va  ava{nmoovy  meptocdTEPQ
otoeio. o ta exkmondevtikd moyvidon Bécape ®g
Baowm apyn va axorlovBolv pia dounpévn dodpopn
kot vo  Pocifovior  og  kavoveg mov  dgv
petapdirovtar (Burn & Carr 2006, 17). Ta
oupfatikd moryvidin emovacyedAOTNKAY YlO. TO
ynoakd mepPdiiov kot cuvoédnkay gvbiwg pe ta
aVTIKEIEVO TOV GLAAOY®V, He oKkomd Oyl HOVO va
TPOGPEPOVY  YVOOTIKO TEPIEXOUEVO OAMG KOl Vo
avadeitouv 10  1dlaitepo  TEPLEYOUEVO KOl  TOV
xopaktipa tov BXM.

BOZNIAHX 141



2nd CAA GR Conference

Athens, Greece 2016

‘Exer dwtvmobel 1 amoym Ot M gvaoyoAnon pe
TETOL0, TOLYVIOLOL EMITVYYAVEL TV TANPN enPOBion Kot
™  ovveyllduevn  Kwnromoinon Yoo €mitevén
HEYOADTEPOV OKOP Kol OmOKINGT  IKOVOTHTOV,
gvepyomoinon G Qavtaciog Kot NG KPLTIKNG
oKkéyme, Kol avamtuén  KOVOTATOV  AYMG
amopdcewv (Amory et al. 1999, 312313), ta onoia
glval 6T0 GUVOAD TOVG AMAPAITNTO TPOKEUEVOL VO
e&elyBel 1o moyyvidl. Koatd tov oyedacud Ttov
EKTOUOEVTIKAOV  €QAPUOYDV Eyve Tpoomabeln. va
0&L0TOUGOVE TO TPITTLYO PAVTACIN, TEPLEPYELD KoL
TPOKANGT, L€ GKOTO Ta IOt Vidla Vo eivat evyapioTa
KoL VO KpOTOOV TO EVOLOPEPOV TAOV YPNOTOV
(Malone, 1981).

Ewova 4 H exknadevtikn epappoyn «Taiplaée Tig
EIKOVEDD.

H mpodm epappoyn tithogopeitan «Taiprage Tig
ewkévegy ko etvar éva moryvidt pvnung (Ewc. 4).
Awbéter tpia emimeda duokorag: evkoro (4 KapTES),
pétpo (8 wdptec) war dvoxoro (12 wdptec). Ta
moyviol  pvApng  tétowov  tomov  givol  mTOAD
ouvnOIcPEVA KOl XPTOLLOTOI0VVTOL GUYVE GE OAOL TOL
padnoloxd mepifaiiovra. Kdabe wdpta avtiotoryel
oe évo and to exBépota g poviung éxbeong. O
TOUKTNG glval amapaitnto vo Tapldéel cotd OAL Ta
Cevydpuo. ‘Etol, avt) n epoappoyn pmopei vo yivet
YPNOO EPYAAEID YO TOV EKTALOEVTIKO 1 TOV YOVIO.
Bonfder tov ypriom va avomtdgel TG UVIHOVIKEG
TOV A&LTovpyieg Kol Vo aVOKOADWYEL TIG GYECELG TOV
VILAPYOVV OVOUESO OTO. OVTIKEIHEVO Kot TN UOVIUN
éxbeom. Xe kdfe cwotd taiprocpo epeavifovron
mAnpogopies ywo to ovrikeipevo. T vo  eivon
TAPNG, EOANTT  KOL  GUVAUO  EAKVLOTIKY, 1)
mAnpogopia dopeiton pe Tov €ENG TPOTO:

o) eoToypapio,

B) otouyeia Yo TOV ¥pOVO KOTOOKELNG KOl T XP1Hom,
v) éva «UooTiKo», OnAadn, (o eTmAéov, eW0KOTEPN,
TANpoPopia, mov pmopel va oyetileTor pe ™ ypnon,
TO VAKO, TOV TPOTO OOKTNONG K.AT.

Me tov 1pdémo avTd, LITOINADVETAL TAVTOXPOVA M)
moAvonpia, 1 SvvatdTnTa Yo TOAUTAES AVOyVAGCELS
kéOe oaviikeyévov. To eminedo dSvokoliog TOV
mayvidov dev kabopiletorl povo and tov apBud tov
KOpT®V. XT0 TPpito Kot duokoAdTEPO €emimedo, ot
gwcoveg delyvouv Aemtopépeteg kot Oyt 0AOKANpO TO
avtikeipevo. Zkomdg eivonr va keviplotel €tor 1
TEPLEPYELD, TOV TOUKTY Y10 TEPAULTEP® OLEPEVLVIOT KOl
avakdAvy.

Ewéva 5 H sknodevtikn epappoyn «Me dikd cog
APDLOTO.

Yvvoyilovtag, n v AOY®D €POPHOYH GTOYXEVEL TOGO
otV aviarTuén TV JeEI0TATOV TOV VEAPOD TOIKTN
000 Kot otV avadelln g mokidiog Tov exkfepdtov
Ko Tov pOAOL TOVG oTN LoVIUN EkBeo.

H endpevn eopoppoyn €xet tov titho «Korilam,
ypopatilo, pavredo». Ilpoékertor  ywoo  tpio
avtoteAn moyvido: o) Me ta dika cog ypauazo., P)
Tt efuos; wor ) Zvvapuoloyodue ta omaouéva
OVTIKEIUEVAL.

a) To moryvidr Me ta dikd, oag ypauota (€. 5) gival
kobodnynpévn popen epappoydy Loypagung. O
APNOTNG eMAEYEL évav OO TPES OLOUPOPETIKOVG
«kapPadecy kol Tov ypopatilel Pe To YPOUITO TNG
dung tov mpotipnons. o mopddetypa, oe éva
ymewotd tov 5% ai, N ewovilopevn dumelog
umopel  va  €xet  xitpvo  PAoCTO KOl KOKKLVOL
otapdMa, oe &vo @OALO yoptiod tov 18 ai 7o
onitio. Tov Ywpov Toeprovfitca amokTovHv yordlio
kepapidio. H epappoyn £€xst okomd va ddoel T
dvvatdmto otov ypnotn vo vrepPel ) Béon Tov
TapaTnPNTH/Be0T TOV LOVGEIKOD OVTIKEWEVOL KOl
va. Bpebel otn B€om tov dnpovpyov. Ta avtikeipeva-
ekOépota  yivovior €10l SlopecoAaPntéc  otnv
avamtuln UG SAEKTIKNG GYECTG OVAUESOH GTOV
veapo ypron kot to Movoeio.

B) To moyvidt Tt einai; €ivor GUVELOCUOG CVIYLATOV
kot ovtwotoiyong (Ew. 6). Mo ogpd  «dpteg
TEPLYPAPOVY, e TPOTO TOLYVIDIN KOl OLVIYHOTIKO,
aviikeipevo, TtV omolov oL QOTOYPOQIES
mapatifevrol pe Toyaio cepa.

Ewéva 6 H skmodevtikn epappoyn «Tt elpar;».
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XKomdg €ivor M OVTIGTOLION TOV  OVIYUATIKOV
TEPLYPAPAV LE TS Qotoypapies. Méca omd 10
aiviypa, pe omhd Tpoémo, mapéyovtal PootkEg
nAnpopopies. H cwom ovtiotoiyion diver 6Aa to
ototyela KoL T ovvdeon He T poOviuN €kBeorn péca
amd TNV EWKOVIKY] TEPMYNON.

v) H epoappoyn Zvvapuoloyodue o omoouévo
avukeiuevo givon moyvidr Talk. AxolovBel v da
apyn Ke To Touyvidl VUG mTov EI00LLE TO TAVED KoL
mpoceépel Tpia eminedo dvokoiag (e 4, 8 kot 16
KOpUATIL  avTiotoiymg), koabéva omd To  omoia
KOTOANYEL OTOV OYNUOTIOUO TG EWKOVAG  €VOG
avTIKEWEVOL NG EkBeomc.

XTI EKMOLOEVTIKEG EQUPUOYES TOV TEPLYPAPTKOV
péxpt  todpo, Oev  vmbpyet peydrho mepBmPLO
avtevépyelog. Ot maikteg axoAovBovv Tic odnyieg
€VOC mayvidov, He 0TOYXO TNV OAOKANP®GY TOL, 1
omoio. eivar povédpopog. Ot mAnpogopiec mov
nyalovv and 11 SadIKaGio COPEVOVTUL MG YVAGCELS
Byoduévee omd évo  «dlodpacTikd - gyxEpidlon
(Anpapdxn 2008, 156).

Ye meplopopévo  Pobud kol E01KOTEPO  OTNV
epapuoyn Me ta dika cog ypouota {nteitor To
TPOCOTIKO GTOYELD, 1 TPOCOMIKY| LOTLE TOV XPNOT.
Ipokeyévou va dobei  duvatdmra yro avTeEVEPYELD
Kot SLidpaoT), TPOYMPNCOUE CTOV GYESOGUO LG
OPKETA OANG EPAPLOYNG, OTOV, OU®S, OV VITAPYEL M
£€vvola Tov 6®GToV 1 AaBovc.

Edm, o10)0¢ civor va d00el oto veapod ypnotn, Héca
omd TNV ynookn texvoroyia, M dvvatdtnTo Yo
TPOCOTIKY EKOPOOT, 1 EVKALPIN Vo EEPVYEL amd TOV
TEPLOPLOUEVO KO TEPLOPIOTIKO, £V TOALOIG TAONTIKO,
POLO TOV EMOKEMTN/OEKTN TNG LOVGELOKNG QPN YNONG
KoL TNG TANPOPOPIOG KOl VO OTOTEAEGEL OPYOVIKO
oTolyeio TG, Tov eMALYEL KOt cuvamoPacilet.

IIpoxerton ya v ggappoyn «I'ive Moveegtorhdyocy,
mov emyepel va Ponbnioel oty katavonon Tov
poiov tov povoceiov (Ew. 7). O ypriomng, PpiokeTon
oe éva meplaiiov mov Bvpilel exBeciaxd ydpo.
Exel mapovcibletar o oelpd SEKO OVTIKEIEVOV TO
omoio. GLVOJEVLOVTIOL OTO TNV OPYOLOAOYIKT TOVG
TAnpoeopia.

Ewéva 7 H exmoudevtikn
MovceloAdyocy.

gpoppoyn  «live

Ewova 8 Ztypiotomo omd TO  EKMOIOELTIKO
mpoypappo «H yévvnon tov Bulavtivod Movogiovy.

O ypiog xodeitar va oyedidost po Stkn Tov
ékbeon: vo emiééel to avtikeipevo (0Ao eivar og
OYETIKN KAlpoko), va To Ttomobetioel (Ue TOV
gvdedetypévo, vy kdbe ovtikeipevo, tpdémo, my. M
eopnt) EOAvn ekdva mpémel vo avaptndel) kot vo
yphwer AMyo AOylo Yo To OKENTIKO TG £kOECTG TOV.
Tnv ékBeon tov pmopel va v amobnieboel kat vo
TNV oTeileL, va TNV HOPacTEL K.0.K.

H ovykekpipuévn  exmoidevtiky  Qoppoyny  Exel
vAomomBei 6N amd to 2002 e dpacTnpOTHTA TOV
0AOKANP@VE TO EKTALOEVTIKO TTpdypappe H yévvnon
ov  Bvlovtivob Movoeiov. Exel, ot pabntég
KOAOUVTOV VO 0pyYOvAOCOUY TN Ok Tovg €kBeon e
POTOYPAPIES OVTIKEWEVOV OO TIG OVAAOYEC ©E
ouvowd péyeboc, pe Ponbeln to oyeTikd deAtia
kataypapns-tekunpioons (Ew. 8).

Ov mapomdve epappoyés, kKabmdg kol Oieg ot
ynowkés  epapuoyés  tov  Bulavtivod ko
Xpiotiavikod Movceiov mov mpofdAiloviol and 1o
Swdiktvo, glvar TpooPloileg Kot evtdg TG LOVIUNG
ékbeong, aeov  mapéyeTor  dwpedv  AcVHPUOTN
ovvdeon. ‘Etol, to mouyvidwo, Omo¢ Kot OAeg ot
TANpoPopies, Lropovv vo a&tomomBoiy Kat KoTd T
SUIPKELD, LG TPAYLLOTIKNG EXIGKEYNG GTOV YDPO.

Yopnepdopoto

H eumepic amd 10 pukpd ypovikd dSdotnua
Aewrovpylog ™G YNOWKNG  TAOTQOPUOG  TOV
Ewovikod Movoceiov, a@’ &vog, Kot 1 TOAVETNG
eumelpioc.  otov  oxedlIoUd KoL TNV EQAPUOYN
LOVGEWKAV  EKTOOEVTIKOV  TPOYPUUUAT®OV, 0’
€Tépov, glvar 1 PAon Yo TOL CUUTEPAGLATO KOl TOVG
TPOPANUATIOLOVG OV  akoAovBolv. Ot ynoelakég
EKTOOEVTIKEG  €QOPUOYEG TOVL  OVTH TN OTYUY
Aettovpyohv G 16TOGEAIDEG ONUOCI®OV KOl 1OMTIKMDY
povceiov  mapéyovv  pabnon upéca  omd TNV
TANPOEOPNON Y.  TO  HOVOEIOK(  OVTIKEIUEVO.
Emopévmg, avtod tov  €ldovg o1 eQapHOYEG
TEPIOCOTEPO  AELITOVPYOLV  ®G  £€vo.  €VYAPICTO
«O100paoTIKO EYYEPIOO» TOPA MG Mo vkopio yio
va €xeL O YPNOTNG MW OVCLOCTIKY EUmEpin
TPOCMTIKTG EPUNVELNG KOl KOTAVOTOT|G.
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Ot ypnoteg Oev  elvaw  ovupetoykoi, ovte
eKhopfdavovtar  ®g  opyavikd  oTtolyElo. ot
dnuovpyla evég vonuatog. H ovvépysia kot 1
Swdkaocio £peuvag Kol OKOOOUNoNG NG YVMOONS
glvar TOAD Teplopiopévn N okOUN Kol ovOTOPKTY.
Av16 vToBéTw OTL 0QEileTOL KLPIWG GTO YEYOVOG TTMG
T £pya TOL oyETICOVTOL LE TNV YNOLOKN TEXVOAOYin
KOl LAOTOWOUVTOL OTO TANIGLO  YPMUATOSOTIKGOV
Tpoypappdtov  onog to  EXIIA  éyovv  dGhAeg
TPOTEPALOTNTESG KO OVAYKES, KOt £TGL UKPO TOGOGTO
poévo  dwribeTon Yo TOov  OYESWOHO KOl TNV
vAOTOINGN GUVOETOV  EKTOUSEVTIKAOV  EPAPULOYDV
(Tavvovtoov 2015, 225-249). O ypodvog kat ot TOPOL
glvar  Wwitepo  meplopiopévol kL €Tol 0L
EKTOOEVTIKEG EPAPUOYEG KOATOANYOLV Vo €tvar o
«OTWYOG GLYYEVIS) TV LEYAA®V £PYMV.

Mo emmAéov TapAUeETPOg etval To VYNAG KOGTOG TG
TEYVIKNG  LROOTNPENG TOL  OmalTteitol  yoo T
CLUVTIPNON OVTOV TOV  EQOPUOYDV, UETQ TNV
oAoKApwon TG vAomoinong tovg. ‘Etot, moAAd
oNUovTIKG épya  avtipetonilovv mpofARuOTe Kot
advvopiec, eEMelyel Eumelpng TeXVIKNAG VITOGTHPIENG.
Mo dAA  TopaueTpog mov  yopoktnpiler TNV
Ynolokn texvoloyio eivar m avaykn yuo Slopkn
avavémon kot avapddpon tov mpoypappdreov. H
yopunAn - xpnpoatodotnon  (eWikd oe  mEPLOSOLG
OWKOVOUIKNG Kpiomg) Oev a@pnvel, ®OTOCO, TETOLM
neplidpra. Hopd t1g duckoiies, vapyovy a&OAOYES
TPOCTADEIEG YNPLOKDV EKTAOEVTIKDOV EPAPUOYAV,
av kot Oyt mavto Sabéoipec oto S10dikTLO, OTWG
TOPOLCLACTNKOY  OTN| CLVAVTNOY €pyociag TOL
ICOM-CECA (Abfva, 13-14/1/17).  Avagépwm
evdeiktikd: «To to&ior Tov Tyédapov» amd Tto
Apyaohoyikd Movoeio Iooavvivov, v rieiom)
panolokn  mAotedpue Tov  Apyotoloyukon
Movoeiov Xaviov kot o Tpodypoppa «iadka» tov
Movoceiov Akpomdremg.

Ta  povoeio, Aowmdv, 6Oa  pmopovcov  va
GUVEPYOOTOVV, TOPEYOVTOG TNV TEYVOYVAOGCIO Kot TNV
gumelpio. TOVG, Kol Vo amoteAécovy Pdon y TV
EQOPUOYN  TAOTIKAOV — YNOWK®OV  EKTOLOEVLTIKMV
TPOYPOUUATOV-TTOYVIOIDY,  OYESOUEVOY  OTo
KOWOU HE GAAOVG  EMIGTNHOVIKOVG-EPEVVITIKOVG
QOpElg TOV ACYOAOVVTAL LLE TNV YNOLOKT TEXVOLOYiaL.
Me tov tpomo avtd, £va povceio pmopel va Kotootel
Y®Opog o6mov Bao pmopel kaveig va Ppet mokiieg
EKTOUOEVTIKEG  TPOTACE;  OMO  SLUPOPETIKOVG
kataokevaotéc. H eumepia amd tov oxedoopd xot
TNV VAOTOINGT TOL GLYKEKPIUEVOL £PYOL KOTEDEIEE
0Tt givar ovaykaio m QVTOVOUN OVIYETMOMION TM®V
EKTOUOEVTIKAV EQPAPLOYDV ©OG TOUEN HOVOELOKNG
YNOLOKNG TOMTIKNG, Kot O)l Qmapoit)To OC HEPOVG
€VOG €UPVTEPOL YNPLAKOV £PYOV. Z€ ENOUEVO GTAS10,
fo umopovoape va aflomTocove TG dVVATOTNTES
TOV NAEKTPOVIKOV TOLYVOWDV He TOAAODS XPIOTES
(multiplayer game$ kot StopopeTiKd GevapLe, TOL
gniong vanpeTovVv 10 TPInTLYO Pavtacia, TePEPyELN
Kot TPOKAN o).

Ewéve 9 H o10TI0TIKY ENOKOTNOT TOV TEAEVTAIO
£t00¢ (2016-2017) yio T GEXISO TOV EKTALOEVTIKMDV
gpappoymv and ta GoogleAnalytics

Yvvoyilovtag, eivorl amopaitnTog 0 OLTOVOUOG Kot
aveEApTNTOG OYESIOCUOG YNPOKADV EKTOLOEVTIKMOV
EQUPUOYDV, OT0 TAOICIO TOV  gUPUTEPOV
EMKOWOVIOKAV KOl EKTOUOEVTIKOV TOMTIKOV TOV
Movoceiov Kot TAvVTo GE GUVAPTNGCT UE TIG GLAAOYEG,
Tig ekBéoelg Kot TIg GAAEG dpacTnpOTNTEG TOL. Ba
npénel emmAéov vo eEacpariletal o amapaitnTog
XPOVOG  KOL Ol OvOoyKaieg TIOTMOCES YL  TOV
oyedopd Kol TNV LAOTOINGT TOV EQAPULOYDV,
TPOKEUEVOL OVTEG VO KATOANEOLY ot dnpovpyio
evog mepifailovtog péoa 6to omoio o ypnotg Ha
UTOpEL VO auTEVEPYEL KOl VO TPOGOEPEL T O1KT TOL
patid. O oyxedaopodg elvon amapaitnto vo Eepedyet
amd TNV KAEOTH] TOAVUECIKY  E€QOPUOYH  HE
TPOKOOOPICUEVO TTEPIEYOLEVO KOL VO TTPOCPEPEL EVOL
ynolakd  mepifdriov mov  Ba  evBappover T
dtepedivnon. Ot ekmondevTtikég eQOPUOYES, GAA®OTE,
amoteAOVV  €va  €0YpNOTO  gpyoAeio Yy TOVG
eKTadeLTIKOVE oV emBupodV va vroostnpifovv Tov
oxedloopd  HoG  EKTOdELTIKNG  Opdomng o€
cuvepyaoia e o Movoeio.
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IHepilngynl Abstract

H wynoonoinon g moMtiotiking KAnpovopds teiver vo yiver Pookdg moidvog g apyoioroyiog,
CUUTANPOUOTIKOG KAOe Tapadociokng HeBOdOVL TEKUMPIOONG, OVACKOENS, OTOKATACTOONG Kol Oloyeiplong
pvnpeiov kafdg KoAOTTEL 0modoTIKG Kol 0EIOMIGTO TOAVIIACTUTES OMOLTHOELS TNG TOPUSOCIUKNG APYOLOA0YIinG
o€ kbBe 01dd16 ™C. O oYESOGUOG TG APYOIOAOYIKNG APNYNONG OE £PYO YNPLOTOINGTG OMOTEAE! EVIVTMGIOKY
Swdkooion He OMUOVTIKEG TPOOTTIKEG OAAG Kot apkeTd gumddia mov mpémel va Eemepactovv. H ¥nowokn
Avédeitn tov Kaotpov g Iehomovvicov ftav éva épyo tekunpioong 105 oxvpopotikdv Bécemv Kot
SdIKTLOKNG YNPLOKNG TPOPOANG TOVG. XTO TAMIGIO TOV £PYOL £YVAV YNOLOTOWGEL; VAIKOV, OOTUTMGELS [E
oUYYPOVES YNPLOKEG HLeBOOOVG, dNULOVPYiD TPIGOIACTATOV OVATUPUCTACEDY, EIKOVIKEG TEPUYNOELS, IGTOTOTOG
KoL EPOPLOYEG OE EEVTIVEG POPNTEG GLOKEVES Y10 TV dLdyvoT TG TANPOoPopiag Kot TNV emtonio EEvAynomn oTig
Béoeic. Xto mapdv keipevo Ba mapovolactel 0 TPOPANUATICUOG amd TV EKTOVNOT EVOG TOGO EKTETAUEVOD EPYOV
GYETIKA [LE TOV OVTIKTUTO KO TIG TPOOTTIKEG O EKTOUOEVTIKG, EPEVLVNTIKO, TOVPIGTIKO KOl KOVOVIKO-OIKOVOUIKO
EMMEDO PE TOPAAANAN OvVAPOPA GTIC SOVCKOAIES KOl TPOKANGELS TOV TPOEKLYAV.

Archaeological digitiation turns to be a basic pillar of archaeology, supplementary to any ntiomad
documentation, excavation, restoration or heritage management work because it covers efficiently and reliably
multidimensional demands in every stage of traditional archaeology. The design diasohrgical narrative in
digitisation projects costitutes an impressive procedure with great future but still many obstacles to overcome.
The Digital Enhancement of the Peloponnese Castles was a project about the documentation and web digital
promotion of 105 castles. The project included thgitisation of material, surveys with ujp-date digital
methods, the creation of 3d representations, virtual tours, a website and smart phone applications in order to
disseminate archaeological information and to support actual visits at the castles. In thepapeeptoject’s
experience will be presented as a way of questioning about the impact and perspectives of such an expanded
documentation effort in educational, research, touristic and-socoisomic terms with parallel reference to the
emerging difficulties and challenges.

Keywords:Virtual Archaeology 3D reconstruction, Data analysis and vistalizn

The project combined field work (surveys, site
inspectons, surface excavations etchibliographic

The idea of a collective digital platform for fortified and original research on fortified architecture by a
architecture in Peloponnese, which would both cover multidisciplinary team of archaeologists and
alarge gap in archaeological knowledge and would architects. Research conclusions were elaborated and
also make the public aware of these unique heritagepresented both to expsiand to the public through a
resources, was first conceived within the formef 25 website (ttp://ecastles.culture)yrwith the aid of
Ephorate of Byzantine Antiquities. The project was contemporary interactive methods of sharing

Introduction

carried out from early 2014 until December 2015. It
has resulted in a platform that features information
on 105 fortified sites in the regions of Argolid,
Arcadia and CorinthiaHig. 1). The project came
later under the administrative supervision of the
Argolid Ephorate of Antiquities.

archaeological information (Athanasoulis et2015).
Digital surveys (scanning, geodesy, geterencing,
aerial and terrestrial photogrammetry) became
valuable and timefficient means of collecting huge
amounts of information that \wacarefully elaborated
and blended with traditionalourced mateai.
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Figure 1 The project includes 106rtified sites in the Argolid, Corinthia and Arcadia.

Combined architectural evidence in the field, archive through the options thahe thematic mentiearn”

information, historical photos and archaeological in the homepage offers. (Fig. 2). Web platform
researchwere presented into graphic reconstruction visitors may access historical information on the
models. The creation of threedimensional models  Peloponnese from the early byzantine era till the
of selected castles was a main pillar of the effort to years of the Greek Revolution, while they learn about
distribute and simplify archaeological information. the Peloponnesian geographical units and the
The hypotheses that emerged through the project'sconnectim between the presented monuments and
tailoring and implementation, will hereinafter be the main road networks. Another interesting topic
developed and they should be open for further presented is the role of the visual connections and

discussion in future projects. sightlines between monuments within these
geographical  units.  Moreover,  architectural
1. Assessment kmpact information offered includes the different types of

military constructions found in the presented regions,
The Digital Platform for the Promotion of the Castles the components of an active or passive defensive
of the Peloponnese intends to affect a) the system and some main points in the evolution of
educatbnal process concerning fortifications b) the fortifications.
change of visitor's experience and interaction and c)
the protection of the monuments themselves through
the process of gathering, elaborating and storing
documentation material.

1.aThe educational process

A basic concern of the research team was to lead the
visitor to a journey of recognition and deepening in
the knowledge of defensive architecture. Thus, the
articulation of the web platform has focused on three
main thematic categories, namely “learn”, péoce”

and “live”.

The historical and archaeological context of military Figure 2 The thematic menu “learn” is enriched with
architecture is broadly and thoroughly presented general iformation on fortifications.
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Figure 3 3D virtual representations of selected castles.

The users obtain practical information about the options, the user can learn and at the same time be
construction and the maintenance of the entertained and motivated.
fortifications, the art of warand the role of

fortifications in the everyday life of medieval people. A major contribution of te site is that it offers

Additionally, they are equally informed about educational options to users of all ages. The
historical art representations of fortifications. information on general topics or specific monuments
as well as the educational applications have been
Beyond the contextual knowledge, the user has g.aqeq to suit different educational levels or types of

several opportunities to explore thecl@eology, sers (teachers, pupilsudents, families, researchers
history and architecture of the individual presented etc.). For example, the hotspots of the 3d

monuments by choosing from the thematic menu o qnstryctions can be very helpful for users that

explore” in _tL\e hc_)mepage the pqth :,0 a Sp(?CI_fICl seek specific information about a monument, while
monument either via a map, or a timeline, a digital ¢ reconstructions themselves provide younger users

library or a catalog. In this case, an arciegeal i 4 petter overall undeending of the monument.
architectural description for each monument is

available, along with a historical introduction and . )
several other information, such as its coordinates and’-P Changingvisitor's experience
position, the time period when it was built,
bibliography, legal protection and access Digital enhancement is additionally translated in
information. The presentation of the monument is terms of augmentation of people’s interest on
vitally enriched by photographs and drawings, while fortified architecture that can be muttfiented:
3d representations with informative material scientific, educational, touristic, cultural or even
(hotspots) are available for a number of significant environmental. The archaeological information is
monuments (Fig. 3). being ehibited in a new and more attractive manner
that creates an alternative experience of viewing
Apart from the educational role that the either neglected or the popular and frequently visited
aforementioned  archaeological and historical monuments. It is equally important for groups of
presentation offers, the younger users can assimilatepeople with physical restrictions to access the site.
the obtained knowledge with the help of educational The structure of the platform allows unlimited
applications that are included in the thematic menu access. It does not impose restrictions on reading,
“live” . These include several quiz games, a viewing or learning about the history and the
participationapplication and attractive interactive architecture of fortification. It is an open source of
applications, such as “Treasure hunting”, “Built your scientific information, yet with a leveled and well
castle”, “Explore the castle”. With these educational structured flow.
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The platform creates a new reality, established by 1.cMonument protection
new relationships between the subject (viewer) and
the object (monument); unlimited movement from The digitisation project also serves as an inventory of
one place to another, continuous flow, change of heritage resources and aids the prevention of
focus and scale. The spatial boundaries between thearchaeological memory loss. The rapid and serious
object and the viewer no longer exist. New deterioration of tangible architectural heritage is an
boundaries include larger geographical areas, inevitable reality caused by human and weathering
meaning that the notion of walking distance is factors, especially when referring to neglected,
overpassed by an expanded network of distantinaccessible or difficuito-be-managed fortifications.
objects. The contribution of digital inventories, beyond the
obvious collection of all usual archival ariation,
It enhances a personal experience, based upon eacls the creation of original documentation and analysis
viewers point of view. Itineraries are generated by material from site inspections and surveys. These
the personal interests, level of knowledge, and areadata are stored and easily retrieved and transmitted
of expertise of the viewers. The platform allows for a for future queries within the supporting database.
crossdisciplinary engagement between a variety of
media; texts, drawings, surveys, images, Additionally, documentation effortand the creation
reconstrations (Fig. 4). Therefore, it constitutes a of strong information management systems are
dynamic structure which offers the visitor multiple effectively integrated within the conservation process
choices in order to draw information, construct a full (Letellier 2015). Thus, the platform and the whole
image and finally get a whole experience of the process of meticulous indexing the castles is catalytic
monument. for the recognition of the exiag stock of
monuments and, more generally, for the proper
appreciation of fragmentary archaeological material
(Wheatley1995). This process lead the Ephorates of
Antiquities in charge to a first assessment of the
monuments’ current state, an evaluatioh tbeir
significance, and also a better understanding of the
specificities and requirements of each castlalso
supports basic categaaison and interpretation of the
castles and the drafting of urgent safeguarding
interventions towards integrated conservation and
enhancement master planning.

The conservation of the monuments is certainly
related not only to the protection body’s iniive but
also to public awareness. The wsabitor is a
potential sitevisitor that gets informed and attracted
through the platform, as fortifications combine
unique merits of natural, historical and architectural
significance. People are overwhelmed bhe t
existence of such a variety of fortified monuments,
mostly unknown and neglected. This first interaction
with the public leads to increased visitor’s traffic and
consequently raises public awareness for the
protection of the actual monuments. As a resil
visitors and consequently ticket augmentation, the
economic outcome will return to monuments
restoration actions.

2. Perspectives

Despite the apparent limitations of its implementation,

the project has resulted in the accumulation of a

significant amount of both documentation material and

of experience. Both attain a great potential to be
Figure 4 Documentation material supplementary to further exploited at the educational, research, tourist
conservation work. and sociceconomic level.
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Figure 6 Classroom interaction on experiential
learning.

Figure 5 Educational activities developed for young

In addition, such features may be actually
users.

encountered during live educational tours, either in
. . Greeceor in foreign countries with rich fortification
2.aEducational pespectives traditions and historical connections to Greece (such
o . ) . as France, ltaly etc.). These tours allow comparative
The significance of archaeology in teaching history understandings of fortification elements from
at the level of primary and secondary education hasjifferent countries and therefore facilitate a

long ~been recognid  (Mactpands 2001, meticulous knowledge of the cultural context of these
TTomavicororoviov 2013). In the last few years, new constructions.

technologies have contributed greatly to the

enrichment of the educational process (Kovvéin Moreover, this platform could be used as an

2008, Yvyoyvwod 2009). The apparent educational opportunity for the development of further
benefits could play a leading role in the evaluation of educational activities, such as the “adoption” of a
the present project. This is due to the fact that even if certain monument by groups of pupils and students,
it presents monuments from the geographical units of following the example of “Diazoma” a learned
Argolid, Arcadia and Corinthia, it highlights ione  society focusing on the protection and promotion of
webpage several general topics concerning fortified ancient theatres in Greecéttp://www.diazoma.gr
constructions. These topics include history, visited on 23/9/2017) or eTwinning, a platform for
archaeology, topography, architecture, art, aspects ofthe collaboration beteen schools in Europe and the
war and of everyday life, technological evolutiomda  jmplementation of interesting educational projects

interaction between countries, all in an-topdate (www.etwinning.newisited on 23/9/2017).
computer environment.

_ . 2.b Research perspectives
An educational perspective regarding the Digital

Promotion of the Peloponnese castles could be theThe potential role of the Digital Enhancement of the
opportunity for a pluralist approach of school history PeloponneseCastles in research on fortifications is
(Kvpxivn 2001) and for experiential learning, which  significant, too. Firstly, it should be considered as a
is a requisite for student centered learning. Studentsdigital corpus for all the medieval and post medieval
cease to be passive learners as this site can be used #srtified monuments of the geographical regions of
a tool for interaction in the classroom. Pupils and Argolid, Arcadia and Corinthia. Thus, it is a great
students can learn in a more profound way what they step towards the creation of a more complete digital
read in heir history books by the visusdition of corpus with all the relevant monuments throughout
courses with the use of the offered games and theGreece. Even if the scientific need for such a corpus
relevant photographs, videos, panoramas, designshas been intense for many decades, the studies that
and 3d applications of specific monuments (Fig.5).  have taken place till now concern only specific
monuments or groups of monuments of a certain
Experiential learning can also be achieved via region or time period. Such a project that would
educational viual tours (Fig. 6). These should come include Greek fortified constructions would facilitate
after an appropriate preparation in the classroom andthe extraction of broader conclusionsafter
use of the webpage and may follow the virtual comparisons and catega@i®ns between the
itinerary that the site proposes at the sections devotednonuments.
to the 3Dreconstructions. Alternatively, pupils and
studens may identify and examine several of the Furthermore, and beyond the apparent contribution to
architectural details of fortified constructions. research, the integrated registration of the
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monuments as a corpus would automatically ensurecould not only visit the existing defensive remains of

monuments’ protection from futureisnise or further  the city (Akronauplia, Bourtzi, Palamidi) but also

natural wear. well-known fortifications which lie at asmall
distance, like the Castle of Argos or less known

Another contribution of the platforms to resgar  fortifications as for example Kiveri castle. Tourists

deepening is that by combining traditional forms of with distinct cultural interests may participabe

documentation (e.g. texts, photographs and designs),events or activities orgamd by local communities

with  modern ones like panoramas, videos, 3D For example, the visitors of Nauplion could also

representations, it permits a more complete attend or even participate in the new annual event of

presentation of each monument. Equally important the “Nauplion Castle Run”.

for recent research is also the fact that in this

documentation, new bibliography is included, along

with the latest conclusions of the archaeological

survey.

The whole documentation effort also offers the
opportunity for the extraction of interesting
conclusionsby combining different information and
search criteria (time period, region, architectural
typology). Such a complete documentation combined
with the opportunities for comparative research has a
high motivation potential for further studies by
interested e@searchers.

2.c.Tourist, cultural and socieconomic prospects

Cultural heritage has played an important role and
still holds a great potential in the tourist policies and Figure 7 Planning of fortificatiorcentered touristic
economic development of Greece. The website routes.
ecastles.culture.gionstitutes a digital documentation
tool and at the same time a digital communication This kind of tourist model can bring up less
tool that can be used from people motivated by renowned places and monuments and may lead to a
various interests to learn about history, geography numberof multilevel effects. First of all, the growth
and defensive architecture of Argolid, Arcadia and of cultural awareness among local populations is
Corinthia. quite important, as the residents’ cooperation and
consent is essential for the succedsthe model
Beyond the tangible cultural heritage, the website (Maistrou 2009).The wise management of regional
also aims to motivate the users to learn more aboutculturalwealth and the increasing need to protect and
the intangible cultural heritage which is also an promote heritage can contribute to the sustainment of
important constituent of heritage and can be economic, cultural and social resources and can play
significant for the development of a wetouristic a key role in the economic recovery of the areas in
model which focuses on individual interests question (Timothy 2011; Comer & Williams 2011)
(ITovMog & Tovrobvmoa 2015). In order to achieve this In other words, the platform may aid local
model, the platform aims to crea® new and communities to form a sustainable planning strategy,
completely  personalised visiting experience. integrate the monuments in modern life and raise
Drawing the idea from the the French™&entury their tourist revenue. The increase in visitor capacity
Expedition du Morée, visitors and tour operators can and tourist traffic opens new and diverse job
create their own routes based on scientific, cultural, opportunities and strengthens the so€conomic

historical, archaeological, geographical, state of local societies.

physiographic, social, recreational and

anthropocentric interest. Additionally, revenue through increased visits may
lead to further cultural development. The revival of

Apart from wayfinding to specific sites, thesitor older traditions and the creation of new cultural

can create longer routes between castles and otheperformances could link local societies to their past
monuments and sites (Fig. 7). These routes couldand establish new inter and intbmmunal links.
include not only well or less known fortifications but For example, the annual orgaation of a “hidden
also visits to other archaeological sites. Tourists treasure game” in the settlement and castle of
could also satisfy their cultural needs by participating Karytaina may introduce a new type of cultural
in events or activites orgamd by local experience, addressed to groups of variousl¢euf
communities. For example, a visitor of Nafplion city age and culture.
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The platform is also going to redefine the ways in 2.ePerspectives of projects’ expansion

which tourists perceive archaeology. Consequently,

visitors will adapt their tourist interest and develop All the aforementioned perspectives related to the
new routes for the exploring of archaeological exploitation of the existing platform will be weak or
information through the iegrated virtual guidance. even impossible without the necessary expansion of
In the town of Nauplion, for instance, the visitor is the project. The first audience feedback after the
now able to comprehend that the existing defensive web-platform was launched highlighted the
remains consist a composition of a complex importance of completing such a time and effort
fortification system for the entire city. As a result, consuming project. It was also pointed out that the
s/he is not only going to visit Palamidi, but may be project needs to continue to add and disseminate new
seriously tempted to find her/his way into the urban data on castles, boby updating the existing entries
tissue so as not to miss the Xira Gate and and by adding new ones. The scholarly, educational,

Akronauplia that have been usually neglected. tourist and cultural interest of the public leads to a
gradually increased web traffic and a steady raise in
2.d Heritage management perspectives the number of downloads for the mobile applications.

It is then vital to complete the documentation of
Through the digitiation project the fondation for fortifications in the Argolid, Corinthia and Arcadia
specialied master planning has been set and heraldsand to convince more Ephorates of Antiquities to
a planning process with great potentials. This join this initiative.
planning will be a logical progression from collection
of information, to assessmeamalysis and final 3. Challenges
decision making. (Demas 2000). More precisely, the
protection body in charge, in this case the regional 3.aResearch challenges
and central services of the Greek Ministry of Culture,
possesses currently all the necessary material for theThe implemented project underlined the greaed
interpretation of the monument and the evaluation of for monuments to be catalogued and further
its condition so that it may implement targeted documented. It has been hampered by several factors,
heritage management policies and interventions. such as the dispersion of the monuments in different
locations, their great number and the bad state of
The updated digital survey neaial (terrestrial and  preservation that are usually in.
aerial 3D scanning data, geaformation, aerial
photography, 3Dvirtual reconstructions, collected The presentatioof all these monuments on a single
bibliography and archives, indexing ohdis etc.) in platform also revealed that there is a great lack of
most of the castles that have been documentedinformation and thorough survey for some defensive
(Akrocorinth, Kiveri, Larisa, Karytaina etc.) can be constructions in comparison to others. In some cases,
used as such, for future excavation and restorationthere are only speculations about the precise dating
works. The high level of elaboration of such or plan of the constructions due to limited or fion
documentation provides valuable secshage existing field and excavation surveys. Thus, there are
information on the pathology and the historical and still challenges in research for a number of
architectural phases of the monuments. monuments that are presented at this site, as a lot of
information remains to be filled in. This unequal
On the other hand, the Service of Antiquities in treatmentof monuments also creates a wider gap in
charge can estimate and take into account crowd'sthe overall field of research on fortified architecture.
preferences (visitors and stakeholders) and Further focus on specific monuments that have not
interaction with the moumentsthrough monitoring been studied historically and archaeologically yet
of the crowds interest and digital flow to specific could also help to achieve a broader view of these
monuments in the platform and through social media constuctions and to reach conclusions over medieval
feedback. and post medieval fortified architecture in Greece
(Fig. 8).
Such data may help the shaping and/or modification
of regional heritage policies so as to suit the interests3.b Platform management challenges
of both potential actual visitors to the monuments
and of other heritage stakeholders. Thus, future Despite  digital evolution rad  impressive
management efforts for the enhancement of the accumulation of 3D visualigions, criticism arises in
fortifications  will include not only actual the circles of virtual archaeology reflected in several
interventions on the monuments but also the designrecent publications (Richards et al. 2013; Scopigno et
of new digital thematic applications for their virtual al. 2017). This speculation is related with the
promotion. problem of conserving and managing the vast
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quantities of heritage information data that has to volunteering under the Ministry of Culture's
phase three miportant challenges: fragmentation, scientific supervision.
reliability and longevity (Addison et al. 2008). The

Platform for Digital Promotion of the castles has

ensured data entry with scientific reliability as an

official action of multidisciplinary team of scientists

supervied by the Ministry of Culture. It is

nevertheless vulnerable in terms of fragmentation,

because it constitutes an individual effort of a single

Ephorate, namely a regional service of antiquities,

concening monuments within its jurigction.

Figure 9 The various types of documentation data
3.cHeritage maagement challenges

Beyond the management of digital resources, the
Figure 8 Expansion of comparative research studies. most challenging task is the management of the
natural fortification sites (Fig. 10), as it embeds the
More Ephorates and individual researchers shouldissues of fragmentation, big geographical diaspora,
join this initiative, because research on fortifications difficult accessibility and corection, high level of
has to be expanded. In terms of longevity as well, destruction or alterations, spatial and historic
platform's data has to be tested because after a shomperplexity etc. (Athanasoulis et &015)
period of time the data storage will pass to the future
general Cloud system management of the Ministry.  Therefore, there is an urgent necessity for heritage
master planning at the maesoale for the ensemble
The Digital Promotion of the Peloponnese Castles of monuments. This includes tloeafting of a list of
was cefunded by the National Strategic Reference prioritised interventions (emergency restoration
Framework of the European Union and by the measures and loAgrm site management) which
Hellenic Government. The first months of its should follow an appropriate  monument
complete launching it has received encouraging documentation.
comments from the audienca,fact that proves that
digitisation efforts are covetable and consequently The information so far collected within the project is
necessary. However, when the project ends, the long a valuable assessment tool fbetestablishment of
term maintenancef the platform and the necessary protection degrees for monuments that had been
continuation of the project are up to the understaffed previously neglected or for integrating the master
regional Ephorates. The ewnd the project of course  planning for vulnerable defensive complexes in
doesnt mean the end of documentation and the huge wider urban planning strategies.
amount of unprocessed information has to be
managed. Only a small indicative selection was Furthermore the platform increased public
published in the web (Fig. 9). Therefore, the awareness on defensive heritage, which in its turn
Archaeological Service is responsible to invent prompts the Ephorates and other Protection Bodies to
alternative ways of managing the platform, by apply preservation measures, to draft master plans
responding to the increased interaction of public and for the monuments that have been brought to public
by uploading updated research HesuA possible attention, to reiforce safety measures in the
solution could be the establishment of a more active archaeological sites and to draw specific tourist and
participation of the audience scientific and cultural routes.
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The monuments presented in the platform used toknowledge, promote culture, generate the

belong to the jurisdiction of the $5Ephorate of  safeguarding and protection process and facilitate the

Byzantine Antiquities of Arcadia, Argolid and transmission of heritage to future generations.

Corinthia which covered half of the Peloponnese in

terms of geographical space. After the recent Given that the essential purpose of visual projects is

Ministerial reformation and the reorgaai®n of the to “augment” and boost reality, not to substitute or

Ephorates, the monuments belong to three agpar neglect reality, the digital platforms should

geographical entities under three different Ephoratescontribute to the conservation of the actual

of Antiquities. monuments. The current effoticuld be a beginning
for the establishment of a unified system of

These Ephorates and the rest of Peloponnese publidocumentation, indexing, assessment and managing

authorities have to closely collaborate in drafting a of the impressive fortified heritage of Greece.

common and unified master planning in order to
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Hepiingyn/Abstract

H ovppetoyikn KovAtovpo 610 medio TG TOMTICUIKNG KANpovoudg ivarl pio Tpdseatn tdon mov axolovdei
NV TEPAOTIN EMTVYI0 TOV KOWOVIKOV HEC®V. Xg aUTH TNV €pyacio depeuvove To0 OGO €QIKTN gival 1
EPOPLOYT CULUUETOYIKAOV TEYVIKOV GE WYNPLOKEG TANTQOPUES TOMTICUKNG kAnpovouds. Ilpoomabodue va
TPOGOOPIGOVUE KOl VO OVTYLETOTICOVHE GUYKEKPLUEVES TPOKATOELG TOV OVOKDTTOVUV GE GUUUETOYIKA WYNOLOKA
nepPairovia Kot apopodv Bépata moMTicpikng dwayeipione. O poOROg TV GUUUETOYIKAOV TAATPOPUAV GTNV
apyotoroyia givat £va gvdlapépov medio Epevvag, KoBMG UTopel Vo EVEPYOTOMNGEL TO EVILAPEPOV TOV KOWVOL Ko
Vo TOPEXEL WNPLOKEG ADCES GE OpYOloAdyovg el Tov mediov. [Ipoomafdvtag vo OmTavTiCOVUE G QVTEG TIC
TPOKANGCELS UEAETACOUE TPOGPATO YNPOKGE €PYOAEiD. OV EMTPEMOVY TN GLAAOYN] VAIK®OV KOl GQUA®V
dedopévav, v eleyxduevn O1dyvorn TANPOPOPIaS 6To €VPY KOWO Kol TNV ac@aA)] ovtaAloyn dedopévav
petalld pehdv pog epevvnTikng opddoc. H perétn pog mpoteivetl 6t pio tétolo aArnAeniopaon pmopel va ivat
EVEPYETIKT Y10 TIV OPYOLOAOYIKT EPEVVA, TNV YNPLOTOINGT, TN SL0TPNOT| KAl TN S16)VoT TEPLEYOUEVOU.

Participatory culture in the cultural heritage domain is a recent trend following the enormous success of social
media. In this work we investigate the feasibility of applying participatory techniques in digital cultural heritage
platforms. We try to identify and address specific challenges that arise in participatory digital environments
concerning cultural heritage management issues. role of participatory platforms in archaeology is a
challenging subfield of research, as it can activate broad public awareness and it can provide digital solutions to
archaeologists in thedid. Attempting to provide an answer to those challengestugdedrecent digitattools

that permit tangible and intangible cultural data collection, controlled dissemination of data to the broader public
in a friendly manner and trusted data exchangeranthe members of a research group. Our study suggests that
such an interaction can be beneficial for archaeological researchsatiigitj preservation and disseminatimin

content

Keywords: User Participation Web-based Digital Platforms Cultural Heritage, Archaeology, Smartphone
Applications

Introduction When a platform provides users with the opportunity
to upload selgenerated content, considerable issues
Participatory culture in technological applications may arise(Oomen & Aroyo 2011). Participatory
has proven its strength in numerous cases in the lastligital platforms face several challenges in terms of
decade. Facebook, Instagram and Twitter are data soundess and accuracy, data moderation and
participatory platforms where users contribute data everyday maintenance, data privacy and security or
fundamentally. The main advantage of such intellectual property rights. Platforms offering
platforms is the enormous amount of data produced participatory services should ensure controlled access
by millions of people each second. This feature could t0 cultural content stored in their databases. In order
be exploited in the cultural heritage domavtorgan ~ t0 entust the system, users (experts or not) should be
and Pallascio (2015, 3§ suggest that “digital persuaded that their contribution wilhot be
heritage incorporates the performance hefritage accessible or manipulated by others without their
through acts of selfuration that collect images, PermissionEspecially in archaeology, data are very
video, hashtags, text, and other medialew (2014, difficult to be obtained and disseminated to the
1) investigates theneed for cultural heritage researchcommunity, as aptly discussed in Huvila
institutions to “create a cultre of participation  (2011) indicating “theneed for a platform for
around their digital collections and servites archiving and (or) making available the legacy data
Cultural heritage management could benefit from and developing an infrastructure for gaing and
public participation in processes likiee digitisation future research”.
of tangible and intangible cultural information,

digital preservation and direct public sharing of In this work we focus on participatory digital
cultural documents. platforms, which are more generic than
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crowdsourcing environments. In comparison to the - Know Your Placé€lnsole & Piccini 2013) is aveb-

latter, participatory platforms are not limited to the based toothat engages local communities in shaping

specific goals that institutions set. larder to the stories of their neighborhoods by allowing

measure the applicability of active user participation contributors to add media and metadata, thus

in cultural heritage participatory platforms, we use as producingarchaeologically relevant information

a case studyCulture Gate a digital platform that - Day of Archaeologyproject (Richardson 2014)

provides cultural heritage digital services online with argues about the advantages and disadvantages of

the participation of a large audience of users, both creating an online public engagement project for

experts and amateui/e conducted an evaluation of public archaeology.

the system with the help of cultural heritage - Ancient Livesis a project that asks volunteers to

management professionals. transcribe ancient Greek text on fragments from the
Oxyrhynchus Papyri collectionWilliams et al.

Culture Gateaddresses all types of virtual heritage as 2014).

defined by Ferguson et al(2010). The platform - Megalithic Portalurges users toontribute photos

collects small portions of information from man of megalithic monuments in Europehtip://

users which is stored, ongged and presented to www.megalithic.co.uk/index.php

platform visitors. The system adopts an innovative

way to display cultural informatioras pins on a  Further systems use the power of social media for

geographical map, while hostinmgrious smartphone  sharing archaeological data (e.g. Morgan e2@1.0).

applications concerning cultural heritage. Among

these, we noteCulture Gate Collectgr a mobile 2. Challenges and Issues

application that facilitates the collection and

preservation of cultural by specialists operating on Empracing the culture of active user participation in

outdoor locations (e.g. archaeologists). cultural heritage platforms poses a series of
challenges and issues. The main question concerns
1. Relevant research the feasibility of such systems, not in terms of

technical implementation, but in terms of practical
Public archaeology aims at “engaging the public in issues arising from their daily operation.
order to share archaeological findings and/or
promote stewardship of cultural resources or to A successful participatory platform will constantly
otherwise make archaeology relevant to society by attract new users eager to use its services leading to a
providing the public with the means for constructing continuously increasing maintenance workload. How
their own past” (McDavid 2002a, 2). Digitaublic manageable could such a situation be, even if there is
archaeology is the refement of public archaeology a reliable and efficient moderation plan in action?
that deals with welbased technologies, which can be The project team should consist of many moderators
used “to gather contributions of ‘crowsourced’ to be able to cope with the daily moderation tasks.
archaeological content; to share and discuss Additionally, a high level of traffic means that the
archaeological news and discoveries; foster online necessary equipment would increase the financial
community identity, situated around the topic of costs in order to be upgraded. Increasing costs in
archaeology and wider heritage issues, or to elicit personnel and equipment would make such a
financial suppoftt(Richardsor2013,1). platform unfeasible, if additional revenue sources are

not to be found.
A number of examples have introduced various
public, crowdsourcing or participatory cultural The dissemination of archaeological data to the
heritage digital tools and projects (Roussou et al. research community na the broad public is an
2016): important challenge (Huvila 2011). A participatory

- The Heritage Togetheproject has developed a web  Platform with a broad pallet of services, such as
platform “through whichmembers of the public can direct social media connectivity, discussion foirums_,

upload their own photographs of heritage assets to beS€rous games, interactive maps and multimedia
processed into 3D models using an automated content, can attract various user groups, ranging from
photogrammetry workfloiv(Miles et al.2014,361). experts to simple enthusiasts.

- Archaeopedia 3D (Forte 2009 is an ongoing o . o _

project that will enableesearchers, faculty members, A Vital issue in participatory platforms is the number

and students to work collaboratively on projects of Of users (experts or not) that are willing to devote

cyberarchaeology and cultural heritage. time in order to upload contributions. This issue is

- MicroPasts (Bevan et al. 2014) is a mlti- even more critical in the discipline of archaeology.

application crowdsourcingrpject that enables both ~ Due to the limited availability of archaeological data

communityled and massive onlineontributions to ~ (Huvila 2011), researchers invest much of their time

high quality research in archaeology, history and On obtaining and archiving relevant content for their
heritage. research purposes. Could they rather be persuaded to
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upload content onto a ganipatory platform? And if user friendly content orgamison and enables
they can, could participation be extended to the wider dissemination to an audience that shares a passion for
public to contribute informal data and personal cultural heritage. fie platform aspireso become a
sourcesProviding users with the appropriate tools to place of gatering and communication among people
construct their own past could be an important reasonwith common interests and in the letegm anonline
for increased phlic engagement into content communityfor cultural heritage.
contribution(McDavid 20023

3.aSystem functionality
However, even if a number of archaeology experts or

enthusiasts are persuaded to contribute corbemt,  The digital content of the platform is generated and

can a system guarantee their ldagm engagement?  contributed solely by the usefSach user contributes
Although it is very difficult to motivate users to  small portions of information, potentially resulting in
contribute information, if we take into account that yast amounts of data. Users can be experts in cultural
such a process promotes a sense of community, themeritage (researchers, scholars, museum curators etc.)
it is possible that awareness about the Welhg of ~ or amateur enthusiasts. Each user retains full
the system can be raised and engagement maintainedpwnership  over  her/his  contributions  and
responsibility over the uploaded content. Users are
Another important challengelates to the number of  encouraged to upload content of cultural significance
contributions. While it is highly desirable to have as and, if necessary, state their sources explicitly. In
many contributions as possible, a significant order for a user to make a contribution, membership
percentage of them could be noise, thus posing anin Culture Gateis required. When a user registers an
unnecessary overhead to the system and diminishingaccount, the role of *“contributor” is assigned
its credibility. Is it feasible to eliminate the automatically. The registration procedure is vital for
percentage of contributed noise, eviérwe apply security, privacy and personaifon purposes.
filtering mechanisms, like moderation and authoring? Contributors are allowed to manage (edit/delete)
Authoring deals with the issue of inaccuracy their content without explicit permission by the
efficiently, but it costs in time (an authoring system.
procedure could take too long) and gystem must
attract a large number of auditors from various
disciplines to help in this procedure. Lack in auditor
numbers could makine authoring procedure void.

Cultural content refers to any information that bears
an element of cultural heritag&he platform stores
and organises cultural content in items. Every
cultural item refers to a piece of tangible or
Creating a secure environment for users to interactintangible cultural informationA cultural item could
with the system and upload their cdiitions poses  be a review of anarchaeological find or a 3D
another significant challenge to online participatory representation of an excavation site, a picture and a
systems.Trustworthiness is essential, as users must description of an exhibit in an archaeological
be ensured that their content will not be accessed andnuseum, a recorded performance in an ancient
manipulated by others without their permission. Only theatre or a discussion between archaesisgibout
then, they will be persuad to upload their content recent research results. The platform collects both
to the platform. tangible and intangible cultural content. Tangible
cultural content could be an ancient vessel located in
an archaeological museum or an archaeologiite|
where a visitor takes a picture or captures video,
Contributors could upload content copying third writes an annotation and publishes the content to the
party intellectual work without permission or platform. Intangible cultural content could be a feal
appropriate source declaration resulting to legal time event like a theatrical display of Greek tragedy,
actions against the platform. Securing full ownership where a spectator records the performance on a
of the uploaded content by the contributors reducesmobile device. Culture Gate presents cultural
the problem, but unpleasant occasions may still arise. information referring to major cultural disciplines
(i.e. Archaeology, Architecture, Museology, Music,
Theatre, Cinema, Folklore, History, Libraries,
Literature, Serious Games and Visual Arts). A user
can search for archaeological informatim Italy or
architectural information in Europe.

Intellectual property rights issues could arise in
systems that rely on usgenerated content.

3. Case Study

Culture Gateis a multidisciplinary multipurpose
online participatory platform for cultural heritage.
Koukopoulos and Koukopoulos (2016) give

thorough presentation of system architecture, The platform supports the digiéison and
modules, user roles and permitted operations. Thepreservationof cultural content. The two main

system supportsthe collection of tangible or
intangible cultural content, itsdigitisation and its
digital preservation. In additiorthe system perns

modules used for data collection are the Online Web
Portal (OWP) and the dedicated mobile application
Culture Gate Collector (CGC). OWP provides an
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easyto-use online form guiding users to upload their
contributions easily and as rich in data as possible.
CGC is an application that can be installed in the
mobile device of a user. CGC is intended to be used
when theuser is at an uncharted outdoor location like
an excavation site (field functionality), a charted
outdoor location like a city street (street functionality)
or an indoor location (like an archaeological museum
indoor functionality). CGC captures culturaintent in

the form of video, audio or image file, adds an
annotation like a title, description, cultural discipline
and sends it to the system web server.

Contributed content is stored in isolated modules, thus
increasing the level of security. Each cimition is
considered as a cultural item and it is associated with a
database record and a directory in the file system. The
item’s directory stores audio, video, image and
multimedia files of the most common types and
formats (mp3, mp4, jpg, png, tiffgg etc.). The item’s ) ) ) )
database record contains a series of metadata. fieldsMore information about a particular item can be
Basic thematic metadata (i.e. title, description, féached by clicking on the ftitle or image that
corresponding cultural disciplines and keywords) are redirects to a dedicated web page (Fig. 3). The page
contentbased attributes. Geographical data (i.e. contains a more thorough presentation of iteen
geographical coordinates, digss, city and country), mcludmg |t§ descrlp_tlon, its contributor, eV|den<_:e
contact details (i.e. website, email and phone number)concerning its authoring by an expert or geographical
and language are contexased attributes. The item’s ~ address.

author details, his/her visibility (private or public) and

classification as expert are modbelsed attributes.

Figure 2 The user clicks on a pin.

Cultural items are organésl and displayed to the
public in friendly, interactive and easg-use styles.
Cultural mapis a geographical map that represents
cultural items as pins of distinct cols and icons

(Fig.1).

Figure 3 Dedicated webpage of a cultural item.

Cultural items can also be displayed in a list per
discipline (Fig. 4). Users are labto search content
per title, keywords, discipline, location and current
location. Searching is performed variably. A user
can search content in a certain location by inserting
the appropriate search term like “Rome” or
Figure 1 Culture Gate Cultural Map. “Moscow”. Alternatively, the user can search for
nearby cultural items by clicking on the “Near Me”
Items that correspond to the same discipline bear thebutton. Thematic searches employ keywords (e.g.
same marker cols and icon. This distinction allows “Kazantzakis” and “Plato”) or classification by
users to detect items of the desired discipline easily. discipline. Cultural map contains an interactive
When a pin is clickegda modal window pops up search box where users can insert corbased

displaying the title, a featured image and brie Ccriteria (keywords, title, discipline) and filter
information (Fig.2). content on the map directly (Fig. 5).
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or site changes over time and serious games provide
fun experience that educates younger and older
individuals. All the above services require constant
updates to maintain cutting edge aptitude and keep
the audience interested. As a part of the
dissemination strategy, the platform gives the
opportunity to artists and experts to present their
creations like smartphone applications, serious
games, timelapse videos and 3D representations to
the audience ofCulture Gate On one hand this
feature helps attract more visitors to the platform,
and on the other, it helps individual artists and
experts reach a targeted audience of cultural heritage

Figure 4 Archaeological cultural items list. enthusiasts.

Figure 5 Direct filtering by keyword (Olympia) and
by discipline (Archaeology).

The system supports a second mobile application for

viewing nearby cultural content nam€dilture Gate Figure 6 Culture Gate Guide.
Guide(CGG). CGG is used to display cultural items

that are within a certain distance from the current

position of the user (Fig. 6). Cultural items appear as

pins on the map and the application provides

directions. CGGoffers guiding services when the

user reaches the desired location.

3.b Additional features

Designing and implementing a  creative
dissemination plan in order to attract visitors itslv

for public platforms. A platform is successful when Figure 7 Calendar of Cultural Events.

users spend adequate time usin@itlture Gateuses

several services to attract users and keep them in the.c Noise detection and privacy

system. A calendar of cultural events demonstrates

events of cultural interest that take place near a user'sCulture Gate deals with the inevitable “noise”
residence (Fig.)7 A discussion forum engages users produced by its participatory nature via moderation
in conversations around cultural heritage issues. The(mandatory) and authoring (optional) of the uploaded
use of discussion forums for enhancing user content. Noise filtering takes place in two stages.
engagement is studied in various works in the field of Each new contribution is marked by the system as
public archaeology and in geaéi(McDavid 2002b, “draft”. Moderators (i.e. registered users of the
MoralesRamirez 2013, Redmayne & Woodward platform chosen by the system administrator) have
2013, Rinner & Bird 2009, Seitsonen 2017, elevated rights to access unpublished contributions
Vassileva 2012). Several evaluation attempts haveand check the content for violations (i.e. content not
proven the strength of this feature (McDavid 2002b, related to cultural heritage or containing offensive
Rinner & Bird 2009).3D representations of cultural declaratios or including no mention of relevant
items provide rare visual experience. Timelapse sources). If no violatioroccurs, moderators publish
videos help users visuadihhow a cultural monument content as “Not Authored by an ExpertOn a
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second stage, the authoring procedure is initialised
after the explicit request contributor. The system
chooses an audit randomly from a pool of
registered users that are wkilown professionals of
a certain cultural discipline. The chosen auditor
checks the content and suggests necessary

modifications.The system receives the modifications

and informs the contributorf the contributor wants

the content to be marked as “Authored by an

Expert, suggested modifications are mandatory to

implement.Contributions, which have been checked

by an auditor, gain additional reputation.

) i ) ) Figure 8 Authored contribution.
Privacy is a very important issue when experts are
urged to use an online system for uploading a part of
their published or unpublished work. Culture Gate
supports the formation of private groups and the
uploading of private information. Private groups
corsist of a group leader (the user who asked for the
formation of the private group) and a number of
registered users as members of the group. All group
members can upload and share information which is
not visible by users outside the private groupe T
offered privacy solution permits the isolation of a
special interest user group without requiring the

establishment of privacy infrastructurdéike intra- reach tat location. Upon arrival at the desired

sites Forte& Lercari 2015). In this regard, Cultur_e location, the relevant audio guide is initiated by the
Gatedoes not target a formal cultural documentatio G

mechanism, but a way to effectively disseminate
cultural heritage content to the broader public. With
respect to research groups, the platform encourage
initial communication and data exchange. However,
contributions can also be strictly private (i.alyothe
contributor can access the content that she/he
uploaded).

Scenario 2 — A user searches for nearby
archaeological information using CGG

An individual walks in the streets dRome and
wishes to find out the nearest archaeological
monument. Using CGG on a tablet the user's
geographical pagon is identified and cultural items
within a userdetermined distance are retrieved and
displayed on a geographical map. The nearest item is
highlighted and an information window appears. The
user reads about the item and asks for directions to

Scenario 3 — School Teacher Vvisits an
Archaeological site with students

A schoolteachemwants to guide children in a nearby
archaeological site. Students are asked to download
and install CGC on their smartphones and register to
Culture Gate While on location, students are asked
to capture audiwisual content about the site's

¢ Mmonuments. Students record images and videos and
upload them toCulture Gate with annotations.
Before the visit, the teacher has communicated with
Culture Gate'smoderators and formulated a private
group containing her/himself as a group leader and
students as members. All uploaded information from
the visit becomes available sgleklithin the private
group. Later in classroom, a discussion is conducted
A registeed user wants to upload cultural content of @mong students and the teacher. Students state why
archaeologicalnterest. In particular, the user wants they captured each digital document and the teacher
to inform the public about findings that were COrrects inaccurate annotations. Finally, the teacher
discovered at the excavation site of Plevraomr makes the collected maiirpublic.

Mesolongi in Western Greece. The useequests

content authoring bgn expert in order to avoid false Scenario 4 — Professional guide accompanies a
statements and gain in reputation. System moderatorggroup of tourists in an ancient theatre

that manage uploaded content choose an auditor for

the Archaeology discipline randomly. The auditor is A professional guide who organises guided tours to
notified to chek content for accuracy. The auditor the ancient theatre of Oiniades, in Western Greece,
reviews the content and sends the necessaryhas joined Culture Gateand regularly uploads
modifications to the system. Moderators receive practical and historical information with rich
auditor response and inform the original contributor. multimedia content about the ancient monument in
The contributor makes the appropriate modifications order to attract clients. Sometimes tours are
and publishes the authored content (Fig. 8). scheduled to coincide with events, such as an ancient

3.d Usage Scenarios for Archaeology

In order to demonstrate platform usability an
usefulness for various stakeholders, we present a
series of usage scenarios that may occur in real life
situations.

Scenario 1 — A user contributes archaeological
information requesting authoring.
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comedy performance. New clients acirg the not the same as social content, since matters of
relevant items are intrigued by the guide's approachquality and intelletual property rightsarise. A
and decide to use her/his services. platform that presents and disseminates cultural
content should contain qualitative restrictions,
Scenario5 — Triggering a foum discussion about increasing the burden of filtering usgenerated
archaeology content produced on a daily basis and the potential
financial cost of filtemg and auditing mechanisms.
When a contribution is made about an archaeological In addition, cultural heritage platforms address a
topic requesting expert authoring, the auditor can significantly smaller audiencewhich needs to be
create a relevant topic in the discussion forum. The motivated to contribute cultural contentdedirectly
auditor can invite other auditors of archaeological publicly available.
contributions to participate in the debate actively.
Trying to investigate the feasibility of partictoay
Scenario 6 — Archaeologist at an excavation site digital platforms in cultural heritage, we used as a
makes a discovery case study a new participatory digital system,
Culture Gate We implemented several usage

A team of archadogists is working separately at the Scenarios targeting the archaeological domain from
excavation site and at the lab or some other distancec?Xcavation to preservation, —dissemination ~and
research facility. All team members are registered educationactions.Suchscenarios attempt to predict
users of Culture Gatand they have formed a private the usability of the system in relfe situations.
group to exchange information. A team member, Services like CGC permit theirect exchange of
who works at he site, uses the CGC field collected information, while CGG enables
functionality (Fig. 9) to capture an image of a new Personalised — visitor ~ guiding in isolated
archaeological find and immediately sends the &chaeological sites. Besidediscussion forum and
content to the private group. Colleagues at the Calendar system features allow communication and
research facility view the retrieved find and return knowledge exchange among users. The entire set of
their assessment to their reta colleagues. solutions presented aim to enhance the social impact
of the system to all potential users, professionals,
visitors, educators, studenand local communities.
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