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Preface

The organisation of the 1% conference on Computer Applications and Quantitative Methods in
Archaeology in Greece (CAA-GR) and the publication of its proceedings have been the
culminating events of CAA Greek Chapter since its formation at the International CAA
meeting in 2012 in Southampton. The need of Greek Chapter sprang out from the
continuously increasing number of researchers dealing with the application of Informatics in
archaeology in Greece and in the wider region of Eastern Mediterranean. Broadly defined,
Archaeological Informatics embraces a number of disciplines from computer science,
geoinformatics, image processing, architecture, statistical analysis, computer simulation,
agent based modelling, virtual reality, cultural heritage, museum studies, conservation, and so
forth. The dynamic momentum of these disciplines in archaeological research is manifested
by the large number of members (146) from Greece, Italy, Cyprus, UK, Spain, Turkey,
Austria, Belgium, Germany, Ukraine and Serbia that have already joined CAA-GR.

The goal of CAA-GR is to contribute to the broadening of Digital Archaeology and to address
the theoretical and practical issues associated with the discipline. It aims to encourage
communication among researchers with diverse backgrounds, to bridge the gap between
traditional archaeological research and new technologies, to give rise to debate and future
progress, to provide guidance and support in the form of seminars and workshops, and to
disseminate the results of research presented in scientific meetings organised by CAA-GR.
The 1% CAA-GR conference has to be considered only as a starting point, since it is the first
time that specialists in the above domains had the chance to meet in Greece, share their
experiences and exchange their knowledge. The question that remains to be addressed in the
following years is what the CAA-GR community expects from Computational Archaeology?
CAA-GR is a community organisation formed of researchers with common interests who give
life to its existence. And as such it is the community of CAA-GR members that will be
responsible for its future sustainability and evolution. We hope that the voice of the CAA-GR
community will become louder in the coming years.

We would like to express our gratitude to all those who made these first steps successful.
Firstly, the presenters at the conference and the contributors in this volume for sharing high-
quality research results with the rest of the community. Also, the scientific committee who
ensured the presentation and publication of work at international standards. Besides, the
participants for attending the conference, and the sponsors who contributed to the smooth
running of the event. We anticipate many more meetings and publications in the future.

The Board of CAA-GR

vi



Athos Agapiou,

CAA-GR Board

Apostolos Sarris — Chair
Eleftheria Paliou — Deputy Chair
Eleni Kotoula — Treasurer
Angeliki Chrysanthi — Secretary
Constantinos Papadopoulos — Publication Officer

Organizing Committee

Angeliki Chrysanthi
Angelos Hliaoutakis
Aris Kidonakis
Eleni Kotoula
Eleftheria Paliou
Constantinos Papadopoulos
Apostolos Sarris

Scientific Committee

Department of Civil Engineering and Geomatics, Faculty of Engineering and Technology, Cyprus

University of Technology

Giannis Bassiakos

Department of Material Science, NCSR Demokritos

Angeliki Chrysanthi

Archaeological Computing Research Group, University of Southampton

Sylviane Dederix

Centre for the Study of Ancient Worlds, The Institute of Civilizations, Arts and Letters. Université
Catholique de Louvain (UCL)

Nikos Desypris

Information and Communications Technology (ICT) consultant, National and Kapodistrian University

of Athens
Jamie Donati

Institute of Mediterranean Studies - FORTH, Greece

Maria Economou

Department of Cultural Technology & Communication, University of the Aegean, Mytilene, Greece

Emeri Farinetti

Aristotle University of Thessaloniki

Attila Gyucha

Hungarian National Museum, Hungarian CRM

Diofantos Hadjimitsis

Department of Civil Engineering & Geomatics, Cyprus University of Technology

vii



Sorin Hermon

Science and Technology in Archaeology Research Center (STARC), The Cyprus Institute
Richard Jones

University of Glasgow

Simon Jusseret

Centre for the Study of Ancient Worlds, The Institute of Civilizations, Arts and Letters. Université
Catholique de Louvain (UCL)

Tuna Kalayci

Institute of Mediterranean Studies - FORTH, Greece

Markos Katsianis

Acropolis Restoration Service, Ministry of Culture and Sports, Greece

Eleni Kotoula

Archaeological Computing Research Group, University of Southampton

Anestis Koutsoudis

Cultural and Educational Technology Institute/ Research Centre 'Athena’

Undine Lieberwirth

TOPOI Excellence Cluster (Germany)

Humbert Mara

Interdisciplinary Center for Scientific Computing (IWR), Heidelberg University, Germany
Patricia Murrieta Flores

Department of History and Archaeology, University of Chester

Eleftheria Paliou

Institute for Classical Archaeology, Heidelberg University, Germany

Constantinos Papadopoulos

An Foras Feasa, The Institute for Research in Irish Historical & Cultural Traditions, Maynooth
University, Ireland

Nikos Papadopoulos

Institute of Mediterranean Studies - FORTH, Greece

William Parkinson

The Field Museum, Hungary/ Department of Anthropology, University of lllinois at Chicago/
Department of Anthropology, Northwestern University

Petros Patias.

Faculty of Rural & Surveying Engineering, The Aristotle University of Thessaloniki

Laia Pujol

Universitat Pompeu Fabra, Barcelona

Paul Reilly

Faculty of Humanities, University of Southampton

Apostolos Sarris

Institute of Mediterranean Studies - FORTH, Greece

Stella Sylaiou

Aristotle University of Thessaloniki

Immo Trinks

Ludwig Boltzmann Institute for Archaeological Prospection and Virtual Archaeology (Austria)
Gregori Tsokas

Aristotle University of Thessaloniki

viii



Athanasios Vellios
Ligatus Research Centre, University of the Arts London

X



Sponsors

Radiocarbon Dating shouldn’'t take ages

e A

BETRH . Reshlts in as little as 2-3 days

-

_ » ISO 17025-accredited measurements
Beta Analytic : ,
Radiocarbon Dating » Outstanding customer service

Since 1979 ‘ﬁ""' ‘ -

Australia Brazil China India Japan Korea UK USA
Visit www.radiocarbon.com for details




GeoSat

Lab of Geophysical-Satellite w HERITAGE * DA
Remote Sensing and Archaeoenvironment

——

MINOAN
LINES

a Grimaldi Group company

Agib\u ©

3D Modeling and Mapping

X1



Spatiotemporal Modelling, GIS, Quantitative Methods & Remote Sensing



1st CAA GR Conference Rethymno, Crete, Greece 2014

TREKKING AND TRACKING - GIS AND MINOAN LAND USE: BETWEEN
LANDSCAPE AND COMPUTER SCREEN

S. BECKMANN

University of Crete
http://crete.academia.edu/SabineBeckmann

Hepilnyn/ Abstract

H tomoypagikn €psuva g ovyypoagémg ota Pouvd votio amd tov Ay Nwdroo, Kpnm, odnynoe otnv
avakdivymn avo and 330 Mveikéc aypotikés 0Ecelg, xpovoloynuéves LEG® TNG EMPAVELNKNG KEPOIKNG OTNV
Méon Emoyf tov Xoikod (2000-1700 m.X.). Me v Ponbewo epapuoydv Zvommudtev [eoypapikdv
IMmpogopidv (GIS), Ta epeinia katoknuévoy Bécemv, ot Tepiforot Kut ot GUVIETIKOL SpOLOL YapTOYpaPHOnKay
Kot 1M Aswtovpyio. TOVG GOV OYPOTIKEG EYKOTAOTAGEL WIKTNG YEWPYOKTNVOTPOPIKNG EKUETOAAELONG
(cvumeprapfavovtag Bookn aryompofdtmv Kot peAGGoKopia), 660 Kol ot mOAVES XPNOEIS YNG UTOpESAV VO
mpocdloplotovy. To keipevo avtd Ba dei&et Tig LeBOO0VG KOl TO UTOTEAEGOTO TG TOPUTOVED LEAETNG.

The author’s topographical research in the mountains above Agios Nikolaos, Crete, has led to the discovery of
over 330 Minoan agricultural sites, datable by surface pottery to the Middle Bronze Age (2000—1700 BCE).
With the help of GIS,habitation ruins, enclosure walls and connecting roads have been mapped, and their
function as farming installations for mixed agriculture and animal husbandry (including herding of ovicaprids
and bee keeping), as well as their possible land use potential could be determined. The paper is going to show
the methods and results of this study.

Keywords:Minoan walls, Middle Bronze Age Cretan land use, Middle Minoan architecture in the mountains,
GIS and Minoan land use.

- 't'—l‘\’:ﬁ.\'. % 0 \}ﬂ:f

Figure 1 Map of the Agios Nikolaos area, Crete, with the study region west of Kritsa and Kroustas. The Kroustas
Park area used as example region in this paper lies within the oval shape.
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Introduction

In north-east Crete, on the mountainous slopes south
of Agios Nikolaos, over 330 Middle Minoan
(c.2000-1650 BCE) habitation sites built with
massive block masonry were arranged isolated but on
average not more than 300 mapart from each other.
They were interconnected with a network of paths
and surrounded by long enclosure-walls claiming
areas of up to 6 hectares for each site, including
arable and rocky land. The setting and massive
construction of the enclosures, originally more than 1
meter high (total known length ca. 150 km), show
that they belonged to the sites.Landscape opening
and structuring of these massive installations cover
an area of ca. 30 km?, subject of the author’s PhD
thesis (Beckmann 2012b).

In this essay it shall be discussed how field walking
and processing GIS data can shed a light on the
function of the Minoan sites described, and
possibilities of Middle Bronze Age land use in the
north-east Cretan mountains shall be demonstrated.

While in the past prehistorians believed a few of the
then known sites along the ancient roads between
coast and high mountain plains (Katharo, Lasithi) to
have been defensible installations because of their
so-called ‘monumental’ or ‘Cyclopean’ masonry
(Evans & Myres 1895 in Brown 2001, 204), the
author suggests an agricultural function of the
installations. Theoretical considerations leading to
this concept were corroborated by extensive field
walking and mapping of walls and paths defining the
enclosures. The characteristic architecture of this
prehistorical phase can be shown to have clear
typological differences as compared to other phases
and is suggested to be called oncolithic (from Greek
‘onkolithos’, massive block) from now on
(Beckmann 2012a, 2012b - site numbers in this paper
follow the numbering in Beckmann 2012b).

1. Methodology

Intensive survey methods characteristically employ
transects where field walkers follow theoretical
parallel lines on the map in search for (mostly
moveable) artefacts to create a record of material
culture for a given area. Studies follow mainly what
Gkiasta (2008) calls a ‘landscape tradition’. Still the
datability of sites (‘sites’ are usually defined as focus
of surface artefacts) is mostly based on characteristic
small finds (usually pottery), so that the possible
location of sites is often limited to settlement
positions (habitation sites) where pottery traces can
be found, especially for prehistoric sites. It follows
that features with little related traceable pottery
produce what Bintliff and Howard (1999) called a
‘hidden prehistoric landscape’.

For lowland regions, where continuous ploughing
and other land use have mostly destroyed any
evidence for (often perishable) architecture, Bintliff's
suggestions may be the only solution to achieve a
better image of the conditions of prehistoric
settlement.

In Crete, where 3/5 of the land is situated higher than
200 m on more or less steep and rocky slopes, karstic
mountainous landscapes rarely preserve masking
alluvial soils, so consequently in these areas the
‘prehistoric hidden landscape’ looks different:

While recent land use of mixed small scale
agriculture with stress on animal husbandry hardly
interferes with the visibility of ancient stone
architecture (while it does re-use it), the often
fearfully tiny amounts of pottery associated with
prehistoric isolated vernacular sites seems to have
made them quasi invisible to archaeologists, even
though they sometimes are conspicuous. The
situation is aggravated by the fact that the already
small amount of moveable finds, wandering often far
downslope, hiding in crevices and additionally in the
process being reduced to no more than the most
resilient material, makes the archaeological visibility
— and datability — of sites even more difficult. Apart
from the difficulties related to moveable finds, any
survey approach using parallel transects is doomed in
a landscape of intense profile and often man-high,
dense, thorny phrygana, while structures like the
traces of ancient walls snaking through it would be
perpetually missed.

Thus a topographical research rather than an
intensive survey of Gkiasta's ‘landscape tradition’,
combined with detailed architectural analysis seemed
the appropriate approach for the author's discovery
and study of the sites (Beckmann 2012b, cf. Fig. 1
above).The unusual settlement pattern with over 330
dwelling sites (named thus to differentiate them from
other wall remains of the area, cf. Beckmann 2012b,
Ch 1II, 115) of the Middle Bronze Age in the
mountains above Kritsa and Kroustas had first been
discovered by the author (between 2003 and 2009,
regularly reported to the archaeological service)
during informal hikes. There it became obvious that
the few massive ruins known to archaeologists until
then (cf. for instance Evans & Myres 1895, Taramelli
1899, Zielinski 1998, Alusik 2007) and — following
Evans - interpreted as military (or at least defense)
installations, were only precious few of those extant
(within 500 m distance) in the vicinity of the —
obviously ancient - road between Kritsa and the
highland plateau of Katharo (cf. Beckmann 2012b,
Ch II b E, 158-164). It stands to reason that Evans
and Myres probably never left the track of this road
(they called it ‘Mycenaean military road’, Evans &
Myres 1895) further than a few meters and hence

missed other sites.
BECKMANN
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Interestingly the main area settled in the MBA lies
between the two torrents draining winter rains from
the mountain slopes into the Kalos Potamos river
joining the sea next to the Minoan harbour settlement
being excavated recently under the auspices of the
Irish School of Hellenic Studies at ‘Priniatikos
Pyrgos’ (cf.  http://www.priniatikos.net)  (Kalo
Chorio, distance from study area ca. 7-8 km).One
might speculate that there was a connection, but up
to now no clear connections could be ascertained and
any possible reasons for the extensive settlement and
its apparently sudden demise ca. 300 years later must
remain speculative (Beckmann 2012b).

Apart from the main study region on the north-
eastern slopes overlooking the Mirabello bay, there is
also a continuity in a second similarly settled area
towards the south-west on the southern side of the
watershed overlooking part of the south coast. Still
habitation sites are situated only 600-700 m from
those in the Kroustas forest area. As all the studied
sites had similar architecture, were accompanied by
similarly built enclosure walls and roads/paths, and
could be dated to a similar time of use, the whole
‘settlement system’ was understood as a unit and
analyzed as such (Beckmann 2012a, 2012b).

The ensuing study and recognition of characteristic
architectural features of Minoan Middle Bronze Age
settlement in the area, in combination with walking
and plotting structures like dwelling ruins, enclosure
walls and related roads, processed in GIS, made it
possible to give an approach to studying Minoan
installations and land use in the mountains above
Agios Nikolaos in the first half of the second
millennium BCE (Beckmann 2012a, 2012b). The

study also included an extensive ethnographical part
(Beckmann 2012b, Ch.Ib:27-84), as in pre-industrial
levels of mountain life it is quite possible to detect
analogies and differences with ancient land use.
Human responses to similar environmental
conditions remain comparable even without (as it
seems to have been the case in this area) continuous
tradition (cf. Cunningham 2009, 123-124).

The methodology and results of this study (the
archaeological part), from a basic introduction to
Minoan architectural patterns in wall building, the
method of field walking and plotting prehistorical
structures in the mountains, processing them
digitally, to the possibilities of land use analysis can
be summarized thus:

1. Several Minoan mountain habitation sites with a
good collection of surface pottery provided a general
dating that could be linked to definite architectural
units (see below for typology). Comparing
architectural patterns in the construction rather than
the juxtaposition of walls showed that Middle Bronze
Age building techniques were distinctive enough
torecognize them even in the near absence of pottery.
The related surrounding enclosure walls and road
constructions proved to be the most useful
discoveries for later land use analysis, attributing
definite plots of land and characteristic connectibility
to the enclosed habitations.

2. During field walking GPS tracks and waypoints
were produced (geo-referencing), with which long
Minoan walls were plotted onto digital maps as
tracks. Combining these track lines, map images of
the actual enclosed areas and connecting roads could

Figure 2 Middle Minoan structures in the area of Kroustas Historical Landscape Park
including habitation sites (blue squares), enclosure walls (black lines) and connecting
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be generated. Positions of buildings and other
important features (round structures, water sources,
caves etc.) were entered into the software (Ozi-
Explorer, Global Mapper) as waypoints, showing, for
instance, the fact that caves were also served by the
Minoan road network (Fig. 2).

3. By digitally processing tracks and waypoints in
GIS, distinct area features were generated, and in
combination with evaluation of various landscape
capacities, specifications of a region could be
visualised (e.g. areas with good or medium good soil
to determine arability- and other land use potential,
see below Fig. 9).

Using the sizes of these various areas produced on
the map, the possible amount and quality of arable
land per habitation site within their enclosures could
be determined, allowing an assessment of
sustainability and often the approximate quantity (at
least as a lower limit) of possible surplus that could
be generated from the Bronze Age fields.

2. Typology of Minoan Middle Bronze Age
vernacular architecture of the Agios Nikolaos
area

‘Oncolithic’ blocks (minimum side of block: 35 cm,
minimum second side 1,25 times that much) were
always unworked and built without regular or
isodomic courses. High massive walls are on
downhill sides only, with no more than one or two
courses on the uphill sides (indicating a clear
difference to a fortification). Larger blocks were
situated mostly in lower courses (as opposed to the
architecture of Late Minoan big block walls usually
constructed with a layer of rubble underneath). The
walls were self-supporting, probably needing no
mortar. Blocks did not come from quarries but from
the surrounding surface (Fig. 3).

This typology also provides a clear distinction
between this architecture and later Mycenaean
building techniques and thus gives a tool to avoid
confusion between oncolithic and ‘Cyclopean’
architecture for the Greek Bronze Age, suggesting to
restrict the latter term to Mycenaean building styles
as known from Tiryns, Mycenae etc. (cf. Shaw 1973,
80 and especially Kiipper 1996, 31, Beckmann
2012b, Ch 11 b, 109-112)

Enclosure walls or perivoloi were built with masonry
similar to the habitation ruins (the closer to those, the
larger the used blocks). While in many cases there
are only parts preserved, the whole shape can be
detected in the region of over 200 habitations, in a
total length of more than 150 km in the studied area.

F igﬁre 3 Characteristic Minoan Middle Bronze
habitation wall, Kroustas Park area.

3. Examples

While for instance in the Zakros region enclosure
walls have been interpreted as fortification walls
(following Evans’ early misconception of what ruins
with big stone architecture must have been
mentioned above, cf. Tzedakis et al. 1989), the
function of the Agios Nikolaos area’s enclosure walls
as agricultural can be understood when looking at
their distribution and allocation relative to the
dwelling sites, for example in the area of Kroustas
Historical Landscape Park (about 4 km? of 30 studied
all in all).

The park contains 77 Minoan habitation sites (20 of
which stand at least in one part over 1,5 m high and
have been declared as heritage protected).

When the areas within the enclosures are depicted as
units and in different colours, it becomes obvious
that most sites have clearly attributable shares of
land. (Fig. 4).

300 m

Figure 4 Habitation sites and their enclosures in the
area of Kroustas Historical Landscape Park.

The most typical enclosures are of the ‘individual
perivolos’ kind: one site enclosed by one surrounding
perivolos (‘Outer Perivolos’), as are most sites with
traceable enclosures. Walls of several hundreds of
meters length surround a larger area around the
habitation sites, while close to the dwelling often

BECKMANN
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exist extra sets of walling called the ‘Inner Perivolos’
as in most cases it lies within the outer one (Fig. 5).

Figure 4 Topographical plan of Site 128 (Kroustas
Park) showing the wvarious small walled
compartments within the Inner Perivolos (Outer
Perivolos walls continuing to south and north) also
containing two habitation ruins (bold lines).

The second case — called ‘Shared Perivolos’ - occurs
only a few times in the study area. Here several
individual and clearly separate dwellings, usually
each surrounded by their own Inner Perivolos, share
one big Outer Perivolos (Fig. 6). A variety of this can
be seen in the top right corner of Figure 6: 2
habitations in separate Inner Perivoloi, adjoining one
large shared Perivolos (all yellow in the figure).

Figure 5 Shared Perivolos (containing 5 habitation
sites) in the region of Kroustas Park.

The third case —‘Shared individual Perivoloi’ -
features several dwellings close to each other
(distance around 50-80 m), each within their own
Inner Perivolos, but surrounded by a number of
different enclosures. In this case a final attribution
enclosure by site (which perivolos to which site)
obviously cannot be done (Fig. 7).

&
g

Figure 6 Shared individual perivoloi in the area of
Kroustas Historical Landscape Park (Sites 99).

By the topographical position round structures (i.e.
granaries and cisterns, cf. Strasser 1997) have within
enclosures they can also be attributed to individual
sites, introducing the subject of storage and
respectively land use in the region (Fig. 8). Naturally
in the case of the round structures the record is most
probably incomplete as both kinds might easily
become invisible to the modern eye.

Figure 7 Middle Minoan habitations (black dots) and
round structures in the area of Kroustas Historical
Landscape Park: green ‘granaries’ (rubble round

structures), blue ‘cisterns’ (oncolithic round

structures).

While Minoan landscape structures have been
slightly masked during the last 150 years of re-
occupation by mixed agriculture, and there hardly
exist any other traces of the phases between then and
now, recent land use often employed the ancient
remains. To avoid any possibilities of confusion with
modern structures the following example is taken
from the number of many sites seemingly not
reoccupied over the last 4000 years.

4. Land-Use — example Site 189

The Middle Minoan site 189 (Beckmann 2012b, 459)
in the region of Kroustas Historical Landscape Park,
with habitation, walls, round structures and arable
land (of varyingquality in different areas) within its
enclosure, was one of many sites (ibid., passim)
plotted onto digital maps, using the software OZI
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Explorer and Global Mapper (Fig. 9). Thus a set of
data could be produced to evaluate the site’s land use
possibilities.

Figure 8 Site 189 (habitation at blue circle) with its
round structures (2 granary-type, green, 1 cistern-
type, blue) within its enclosure containing good
fields (intense green) and medium fields (khaki).
Situated in the Kroustas Historical Landscape Park
area (position on maps above bottom left).

Data:

e  Outer Perivolos: 6.4 ha area, length 1200 m.
(Inner Perivolos around 1000 m?, not
accounted for in this example).

e Good fields: ca. 2 ha. (‘Good fields’: Less
than 15% rocks — mostly alluvial/colluvial).

e Medium fields: 0.3 ha. (‘Medium fields’:
Less than 60% rocks — often terraced, here
counted with factor %4 of the good ones in
possible production).

e Wasteland: 4.1 ha. (“Wasteland’: More than
60% rocks, mostly not cultivable, often
acceptable for browsing).

e 1 ha. of Greek field (no fertilizers and
irrigation, Ilios 1941-’52) can produce ca
80-260 kg barley/year, i.e. for site 189:
1600 to 5200 kg (The lower amount could
be corroborated by a trial field of 100
m’cultivated in the area by the author. The
trial consisted ofsowing and reaping,while
the field was protected from browsing
animals, no further manipulation of any
kind.

e Average need of inhabitants: 128 kg of
cereals per person/year (i.e. 640 kg for a
family of 5).

Given the field sizes, pre-industrial production
methods and the known amounts of cereals that can
be grown on Greek fields, a calculation for this site
returns that it could have produced up to 4.500
kg/year (ca. 8 m*of surplus). This obviously provides
a good reason for the existence of two granaries with
(estimated on the basis of known comparable

granaries elsewhere in the eastern Mediterranean
Bronze Age) ca. 5-8 cubic meters each.

But agriculture constitutes only part of the land use
possibilities (and necessities) in this region, another
important part being animal husbandry. For
managing animals walling/fencing is needed. In the
Cretan mountains there have always been sheep and
goats (Chaniotis 1996), and with them always a need
for protecting fields from them. That is one obvious
function of enclosure walls. Recent mixed farming
let animals browse outside of fenced, cultivated areas
during the winter and (for a short time per day)
within the fences after the harvest, often with the
straw remaining on the fields for that reason. But
there are more specific uses of walling recognizable
by comparison with recent structures.

One known type of walled structures for pre-
industrial animal husbandry in the area is milking
pens. They are always built in an ellipsoid shape
without corners to keep animals from getting caught
in them during milking the herd, which takes place at
the entrance (usually on a small side) while sheep by
sheep passes the milker to leave the pen.

Thus by comparison possible Minoan milking pens
may be recognizable in the study area (Fig. 10, 11).
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Figure 9 Drawmg of habitation Slte 53, 1nclud1ng
surrounding walls. Note the typical oval shape with
opening on one small side that looks like a milking
pen, top right.

Conclusions

With the help of finds from the Agios Nikolaos
Mountains, and provided GIS data is treated with
care and knowledge of this landscape’s potentialities,
Cretan Middle Bronze Age land use can now be
traced by studying the region’s ancient agricultural
walling.
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Figure 10 Possib

le Minoan milking pen. The typical rounded shape runs alo

ng the edge of the photo, the

enclosure is situated next to a rectangular dwelling ruin (in the background behind the trees, the girl stands on
the upper corner). Kroustas Historical Landscape Park (Site 174) Photo: Johnny Ivanovas.

The region of Kroustas Forest Historical Landscape
Park (http://kroustas-park.gr ), developed since 2012
by the author and the cultural club of Kroustas (under
supervision of the local archaeological service),
features hiking paths along which many of the best
preserved Bronze Age ruins — still unexcavated so far
— can be visited. The forested slopes of the park offer
their appeal not only to archaeologists coming to
study the Middle Bronze Age settlement, but also to
tourists visiting the Minoan hinterland installations
and their forest landscape out of general cultural
interest.

Depending on future funding, cleaning of ruins and
possibly some excavations might be conducted by
the Greek archaeological service. Historical shepherd
and agricultural installations of the Cretan pre-
industrial phase can be visited as well.
Areconstruction of a Minoan farmbuilt from scratch
based on archaeological evidence from the area’s
Bronze Age ruins (and other Cretan remains, for
instance from Malia’s Quartier Mu for the unbaked
plinths of the upper structures) is planned to show
visitors how a Minoan farm would have looked like
(and what it might have contained, may be even how
it functioned) while it was in use. Hopefully the
financial crisis can be overcome in part to realize
these plans within the next few years.
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Hepilnyn! Abstract

To popoiké vopayoyeio MuTiAvng amotedel évo and To GNULOVTIKOTEPO TEXVIKA £pya TNG opyodtnTag 6To
VNOWWTIKO XOPO, T0 omoio dpwg Exel pedetnBel eldyiota. H KoTookevn TOVv amockonovse 6ty KGAvyn tov
VOPEVTIKDV OVaYKAV TNG TOAEWS TS MUTIAMYNG KATA TOVG TPAOTOVS LETUYPIOTIOVIKOVS odves. H mopeia tov
Eexwvdel amd Tig mYEC Tov 0povg OAVUTOG, GTO KEVIPIKO TUNUO TOV VNOL0V, Kol KotaAnyel ot MuTiAfvn
(meproyn apyaiov Oedtpov) dracyilovtag Eva EVIOVO YE@UOPPOAOYIKA avaylveo (Le Topeia pnKovg 43 mepinov
YAMOUETP@V). XT0 Gpbpo ovTd TOPOLGIALOVTAL TO OTOTEAEGLOTO TNG TPOKATOUPKTIKNG HEAETNG OVOKGAVYTG,
YOPTOYPAPNONG KoL OTTIKOTOINGNG TNG XWOPIKNG SOUNG TOL VOPAYMYEIOL KOl TOV YEMUOPPOAOYIKOD OVAYALQOL
péca omd to omoio avtd diEpyetatl. Me T ypnon EPYUAEi®V YEOTANPOPOPIKNG, SESOUEVMV UIKPTG Kol LEGOING
YOPKNG KApakag, vroroyiletar 1 mopeio Tov vopaywyeiov oty apyodta. O VIOAoYIoHOG, EKTOG OO TN
YOPIKN avdAvon, otnpiletar o€ véa emitoOma Epevva Kol LEAETT TOV GOCOUEVOV TUNUATOV TOV TEXVIKOD QLTOV
£pyov (VaToyEPLPES, VITOYELOL Kol AEELTOT ay@Yyol LETAPOPAS VIATOV K.0L.).

The Roman aqueduct of Mytilene is one of the greatest technical works of antiquity in the Aegean, but it has
been little studied. Its construction was intended to provide water for the city of Mytilene in the early Christian
period. It begins on the slopes of Olympus in the central part of the island and reaches the city of Mytilene at the
east coast (the area of the ancient Theater) stretching across varied geomorphological terrain, (having in total
around 43 kilometers of length). This paper presents results of the preliminary study of the mapping,
understanding and conceptualizing of the structure of the aqueduct and that of its geomorphological terrain.
Using GIS, we have collected and analyzed data on a small and medium- spatial scale, calculating the way that
the aqueduct had in antiquity. The calculation in addition to and apart from this spatial resolution will
incorporate knowledge of the existing sections, including water bridges and both above and underground water
channels.

Aéerc Kleroia: Teomdnpogopiki), Xaptoypoagikn Areikovion, Xmpikny Avaivon, Popaixd Ydpaywyeio, Aécfog

apyoio vdpoywyeio, ONUOVIIKOTEPES KPivoviol Ol
pekétec tov apyoatordyov lwdvvn Koviy kot tov
pnyovikod Iodvvn Xatlniodvvov (Kovtig 1973a,
77-81, Kovmg 1973B, 117-122, Xatlniodvvov
1985, 153-162).

Ewoyoym

Avtikeipevo g mapovoog perétng etvar to apyaio
vopaywyeio g MuTIAgvng, €va oNUOVTIKO TEXVIKO
£pyo, 10 omoio el peletnOel eEAdyiota £mg ofpEPa.

H omovdaidtepn épevva yoo t0  vodpaywysio

npoypatonomdnke ota téAn tov 190v at. amd tov R. H Mvtdnvn 6t00¢ popaikodg xpovovg amotéreos,

Koldewey, o omoiog amotOnwmoe OpyITEKTOVIKA TIG
TEPLOGOTEPEG VOOTOYEQUPEG TOV KOl OOYOANONKE
OGUVOTITIKG, pHe TO Oépa Tng mopelog Tov Kot NG
popong tov Aosevtav kovaiidv (Koldewey 1890,
65-68, mivaxog 29). H epyacio tov mapapéver péypt
Kot onpepa €vag moAVTIHOG odnyds yw pia mo
EUMEPIOTOTOUEVT] HEAETN TOL pvnpeiov. Amd Tovg
‘EMAnveg epevvntég, mov €xovv acyoinbel pe 1o

GUUPOVA UE TIS LOPTLPIEG TV CLYYPAPEDY KO TO.
APYOLOAOYIKGV EVPNUATOV, pio Aapmpr TOAN, To 1510
opopoen 6mwg n Podog kar n 'Epecoc (Labarre 1996,
69-156, Kovtmg 1978, 197-201). 'Eva ov¥vBeto
OUOTNHO HETOQOPAG VOUTMV KOTACKEVAOTNKE Yol
™MV KEALYT TOV 0VENHEVOV VIPEVTIKMOV OVOYKOV
OTNV EMOYYN] TOL UNYOVIKOD Aypinmo, YOUTpoy TOv
Avyovotov, (Xatlniodvvov 1985, 156), katd v
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TpmTN €KSOYN, 1| OTNV €MOYT| TOL Adplovod ota pPéca
oV 200 ot p.X., KOTé TNV EMKPUTESTEPT AmMOYN
(Kovtig 1973a, 77-81). To épyo petépepe 10 vePO
TOV TNYOV ToL opevoy Oykov tov OAVvumov otV
OVOTOMKT TAELPE TOV VNG00, OTTOL NTOV YTICUEVN 1
oA ¢ Mutiinvng (Koldewey 1890, 65). I tovg
opYoiovg ENYOVIKOUG 1 KOpL HEPIUVO MNTOV 1
HETOQOPA  TNG  KOADTEPNG  MOWOTNTOG — VEPOU,
avebaptitog andctaong (Mays 2010, 117) kot m
dTnpnomn ¢ cwotig KAMoNG pong Tov vepol pe T
Bonbelo TEYVIKADV Avceswv  eEopdAvvong TV
SLKVUAVGEDY TOV €dAPIKOD avoyAdPOL, OTMG Ol
ktwotol 1 Aagevtol Boiwtol aywyol, vmdyswor M
VIEPYEOL, Ol OeOEVES, Ol VOOTOYEQLPES K.OL.
(Hodge 1992, 126-170). T'ia peydra teyvikd épya
™G apYooTNTOG, OMMG To VOPUY®YEia, TO E3APIKO
avaylveo g meployng OéAevong kabople oe
peyolo Pabud Kot TovV TPOTO KOTAGKEVNG TOVG
(Kaiapo 2008, 29, onp. 41).

Ta T'eoypaeicd Zvotuoto [Iinpogopiov (I'.X.11),
wwitepo. oto  eEwtepkd, Oempovvrar  mTALoV
OVOTOOTOGTO  KOUUATL NG  EMOTAUNG NG
apyoloAoyiog Kot TG HEAETNG  OPYOLOAOYIKMV
pvnueiov  oovdedepévov  pe  Evo YE@YPOQOIKO
avaylveo ukpng 1M pecoiog  kAipokog, KaBdg
AVadEIKVOOLV ™ oyxéon TV apyoiov
ONUOVPYNUATOV e TO QUOIKO TOVG TePIPAALOV, TO
YEQYPAPIKO OVAYALEO KOl Tr QULOIKN 1 TEXVNTN
Swpdppwon tov eddpovg (Romano et al 2002,
Georgoula et al. 2003).

H ypnon tov I'EI1. otg avolvoelg tomiov sivol
OTNV  TPAOTN  YPOUUY TOV  €QOPLOYOV OV
vrootnpilovv ™V apyatoroyikn £pguve (Romano et
al. 2002, Indruszewski 2003, Beex 2003). H
LOPTOYPAENOT TOV TEPOYDV HEAETNG MHE TN
dNpovpyio. TOAVETITESDV YOPIKDY OESOUEVOV KoL
KATOAANA®V OTMTIKOTOWOE®V UTOPEL Vo EUPAVICEL
TNV TOALTAOKOTNTA TNG YMPIKNG TANPOQOPING LE
ovyypovo kot kotavontd tpoémo (Mardy & Rakos
1996). H vyswypoaeiwn ontikomoinon pmopel va
00N YNOEL GE VEES MPOCEYYIGEIS LLE TNV TOPOVGINCT)
TOV YE@YPOUPIKOV YMDPOv, KAODS Kol TV YpoviKd
petafaAlopevov eawoprévav, mov Aappdvouy ydpa
oe avtév (Duke 2002, Ortengo & Miro 2011).

210 TAQICO 1TNG TOPOLONG HEAETNG M EMTOMIL
£€peuva TIAOTIKG £0TIACTNKE OTN XOPTOYPAPNON NG
pong mepimov dadpouns, Eekvaovrag amd ™ Béom
«Aaproaieg TTétpegy €mg kol 10 KTIOTO ay®Yd 7OV
SépyeTol omd T0 YVOOoTd popdikd Aatopeio ©To
«Kaxod Aaykadyy Mopuog (Millar & Williams 1993,
211-224). Mg avtd tov TpOTo £pgLVNONKE TTEPLOYN
pfkovg mepimov 20 ylopétpov omd to mepinmov 43
yAL. NG ouvvolkng Owdpoung. H perétn evog
TUNHOTOG TOV VOPUYDYELOL ElYE G GTOYO TNV £0peDT
g KatdAANAnG pebodoroyiog ekpetdAlevong twv
avaAvTikdv dvvatotitov tov [EIL oe yopwd
dedopéva PIKPNG YOPIKNG KAILOKOGC.

H avayvopion kot o kabopiopodg g mopeiag evog
VOPEVTIKOD €pyov pe emtdmio épevva  amoteAel
eEapetikd emimovn dwdikacio, KoBdG ot peAetntég
oe TOMAEG TEPITTOCELS avtietonilovv
POCTELNOTEG amd TV Gypla PAGoTNoN S0dpopés,
YEappovg Kot emikivouveg avafdoelg oe kdbetovg
Bpdyovc. Emiong, dvokolieg tng épevvag amotehodv
Ol KOTOGTPOPEG KOl Ol avOpOTOYEVELG AAOIDGELG
Kot 0AAAYEG OTO OVAYAL(PO TNG TEPLOYNG OLEAELOTG.
Tétown elvar 1 7wepintmon cOYYPOVOL AdTOUEIOV
AdPOVAV VAKOV, T0 0010 «e&0pAvioe» TUNLO TOL
Aagevtod ayoyov o pnkog mepimov 400 p. H
Aertovpyia Tov dexomn poAlg to 1991 pe andeaon
tov Yrnovpyeiov IToAtiopo?.

1. H oproBétnon g meproynis Eépevvag

H oprobémon g meployng Epevvag Eyve £OVTOG MG
Bdomn tn cuvomTiK) HEAETN €VOG VTIOMIOV UNYOVIKOD,
tov . Xotlnimavvov, o omoiog to 1985 mévm oe Evav
avTooyEdo Xaptn Ydpate «mpdyepo» pio Stadpopun
(Ewc. 1).

Ewova 1 Xapme tov 1. Xotlniodyvou (1985) pe
mv  «mpdyelpny  ybpoén g ddpoung  Ttov
vopay@yEiov.

H tomwky Apyoworoywn Ymnpeoia, av kot €yet
Knpv&el ©¢ opyaloloyikovg ydpovg Tpiot TUqUATO
o0 Yopoyoyeiov NN omd to 1991, dabétet
GUVTETAYUEVEG YlOL TNV TEPLOYN KNPLENG, OAAG Oyl
Yo To 010 To KATAAOUTO KOl GE TPOGOPLOYT OV
glye kavelr oe yapm ¢ [.Y.Z. hipaxog 1:5000
LETEQEPE KOTA TPOGEYYIoN TNV mopeio pe Pdon v
amoyn Tov poavapepBévrog pnyavikov (Ew. 2).

H Apyooroyikn Yanpecio katd cuvéneilo dev giye
Aemtouepn  Kotaypagn TV onueiov  Tov
vopaywyeiov, mapd poévov 15 {dveg TpooTaciog
(Zovn A kot B) tov opatdv tunpdtov tov.

‘Eto1, Moyo g éMAewyng otoyeiov Kot Yopikng

mpopopiag oyeddv Yl  TO  GOLVOAO  TOV
vopaywyeiov, emAéyOnke n HeEAETN GTO TAOTIKO TNG
oTAd0 Vo mEPLOPLoTEL 6 €va TUNHA TOL. Mg avtd
TOV TPOTO TO. GLUTEPACLOTO TNG MEAETNG avTiG Ba
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AmOTEAEGOVV 0ONYO YlOL TV OVOKGALYT TOV GUVOLOL
TOV oNUEl®V TOL.

’

Ewova 2 Inpeio tov vopaymyeiov Kot 0 xaptng g
OPYOLOAOYIKNG VINPECIOG LE YEDAVOPOPE COUPOVAL
pe  obyxpova  yoptoypapwd vmoPabpa.  Me
TOPTOKOAL YPOUO GCNUEIDOVETOL T TPOTEWVOUEVN
mopeia Tov VOpayWYEioL.

2. Emiektikn 'Epevva ediov

H éhdewym otoyyeiov kol yopikng minpopopiog yio
TOAAMG  amd To onuelo G dwdpoung  Tov
vopaywyelov 0odMNyNoE OV EMAEKTIK  €pguva
nediov.

Kotd ™ dtdpketd g £ywvav ToAAEG EMCKEYELG GTNV
meployn evolpépovtog, Omov pe t ypnon GPS
XEPOS KA  YNOWIKNG  QOTOYPAPIKNG  UNYOvAg,
TPocdlopichnkay YOPIKE Ol GUVTETOYUEVEG OAV
Tov 0écemv VYNAOD EvOLPEPOVTOG, EVD TPOGHETOL
OMOTLVTOONKOV  POTOYPOPIKG TO KATAAOLTO. TOL
vopaywyeiov.  AxolovOnce  enefepyacio TV
dedopévaov mediov, m omoilo eixe g otOHXO TNV
KATOVOMGN  TOV  apYIKAOV — TANPOQOPIDYV  TNg
OPYOLOAOYIKNG £PEVVOC KOL TNV OPLOTIKOTOINGT NG
TEPLOYNG LEAETNG.

Q¢ mpog TV mopeion TOL VIPUYWYEIOL, APYIKA
YOPTOYPOENONKE O VOPAYWYIKOG KOUOUPOOKETNG
ayoyoc, mov eviomiletar Aafevpévog oTov oxedov
KéBeto  Pphyo TO0L  0oPeotoMBikod  Oykov
«Aopoaieg TTétpegy pe mpooavatohoud A-A. To
mAdtog tov etvar 0,60 p. evd tO VYog TOL HE TN
Bolotn emioteyn Swpopemvetar ota 1,15 p. (Ew.
3).

A ; ¥

Ewova 3 O ayoydg ot Béon «Aapioaieg [T€Tpegy.

Emouevo cwlopevo onueio mov gpguvnnke eivor M
vdatoyépupa otn Béon «Kapapovdioy, n omoia £xet
nwpocavatoiiopd BA-NA, midtog 2,15 pe 2,10 p. kot
TAdTog aymyov emiong 0,60 p. (Ew. 4).

Ewoéva 4 Yé‘)&ryéqmpa ” mv

«Kapopoddioy.

TEPLOYN

To emduevo omueio emToOmIOG HEAETNG AMOTEAEGE O
KTIoTOG ay®ydc, TOL OamMOKOADPONKE OVOCKOPIKA
(Ew. 5). To véo tpMqua tov aymyod, punkovg 54 .,
Topovcldlel To {0100 KOTOOKEVOOTIKA GTOLYELD, WE
GALO. YVOOTO TOV TUNHOTO, EVD EVOAPEPOV €XEL M
KAion tov, KaOMOG To avdTEPO omEio Tov PpiokeTal
oto 60,31 p. evd To KaT®OTEPO GE VYOUETPO 60,16 L.
ATOKOAOTTTOVTOL £TGL Ol OPEANTEEG KAIGES 7OV
OTOLTOVVTOL Y10 TV OUAAT] KV TOV VEPOD.

21 ovvEyEl KOTOYPAENKE 0 AaEELUEVOC ay@yOg
ot 0éon «ATolyKAvey, and 6mov 0 aywyos ywotay
VIOYEWDG HECH  ONpayYag, OMMG  OVTHG  TOV
EvmaAivelov opdypatog otn Xdpo. Xe andctacn 180
[ OVOTOMKG 1 avooKaQlkn £pevva evog KABeTov
XTIOTOV, TETPAyVNG dlatouns ¢peatiov (Ew. 6),
eEotepikav daotdcenv 2,54X2,24 . (Pavog M
qanat) pog TopExEL 1WO10LTEPO ONUAVTIKG GTOotXElR Yo
v mopeia tov £pyov (Kaidea 2008, 68-69, onu.54).
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Ewoéva 5 Tpqpo tov ABOKTIGTOL 0ymYod TOV
vOpaywyeiov, T0 01010 ExEl amoKoAVPOEl TPOGPATA.

. by s y PR
e b r-.‘:‘ L
Ewova 6 To «tiotd «dabeto @pedrtio  mov
arokoAveOnke tpocoata. (Pavog N ganat).

O ®ovog amokalvednke oe vyopetpo 95,268 ., 10
omoio onpaiver 6Tt y vo emrevydel opain Kiion
OTOV Oy®YO, GE GYECON LE TO TPONYOVLEVO OPATO
onpeio (60,16 .), T0 GLVOAMKO VYOG TOV PPEATIOV
mpémel vo. gival TovAdytotov 35,108 p. Xt cuvéyxewn
0 aywyog ovveyiler v mopeio TOL VWOYEOG EMG
OTOV QPTACEL TNV TTEPLoyn g Mopuoc. Exel cuvavtd
™V op@vuun vdatoyéeupa pnkovs 170 p., puéyiotov
vyovug 26 p. oto kévipo g Kowkddag (Ew. 7). H
voatoyépupa anotereitonr and 17 meccovg ot 3
EMAAANAES GEpéc TOEMV kb’ VYog Kot omoTeAel TO
ONUOVTIKOTEPO TUNUO TOL POUNIKOD vIpaymyeiov,
kot {omg 10 Kopvpaio pvmueio G AecProxng
vraifpov (Koving 19730, Koldewey 1890, 6667,
mw. 29.1).

O aymyog SiEpeTOL GTNV KOPLOT TNG VOATOYEPLPOS
Y0 Vo, GUVEYICEL TNV TOPEID TOV TPOG TAL AVOTOALKE,
TPog 10 pouaikd Aatopeio oto «Kakd Aayidow.
Exel 0 aywyog sivon opatdg oe prkog mave ard 100
. pe mopeio A-A.

Ewoéva 7 H yvc‘cétapn to&ootoryio/vdatoyépupa
TOV VOPOYYEiOL TNV TEPLOYN Mopia.

H xotoypoagn ™G vWoUeTpiknG S10(popdc amd To
apytko onpelo e perétng pag otn 0éon «Aapioaisg
[Tétpecy pe vyopeTpo mobuéva aymyod 76 p. amnd
Odhooca émg Tov ayoyd oty mepoyn «Kaxd
Aoykddy pe vyopetpo muduéva aywyov 52,3 ., av
kot ANednke pe GPS yepds (e axpifeia avapopdg
0éomg 2-3 pétpa), lvar EVOEIKTIKN TOV KAMGEMV TOL
ATOLTOVVTIOV Y10l TV OLLAAT] POT] TOV VEPOD.

Yy mapovoa PEAETN dev cuumeptAneOnke n ditoén
vdatoyépupa oty meployn  «Ogppég  TInyég
Kovptli», n omoia eivor to tehevtaio opatd Tunue
OV VOpay@yEiov TPV TNV €i6060 TOV AYOYOD GTNV
oM. To téppa tng Swdpoung Tov vopaywyeiov
vroloyiletar OtL Ppioketar evidg TV TEYOV GTNV
neployn Katm amd tov «Teké» tov apyaiov Bedtpov,
o€ VYOueTpo mepimov 35 . amd TV EMPAVER NG
Bdrooocag (Xatiniodvvov 1985), av kot amorteiton
TepATEP® €pevva Yo T dtomicTmon g Béong g
deEaevig oLYKEVTIPMONG KOl SLOVOUNG TOV VEPOL
(castellum).

3. Me0Ooooroyia

TMa ™ dwoyeipion kot epunveio T@V KATAAOITOV TOV
KOTOUOKEVAV TOV €PYOL O GLVAPTNON WHE TO
avayYALQO TG YOP® TTEPLOYNG KOTOOKEVACTNKE, LE TN
ypron evog ['EI1., pio yopwn PBdon dedopévav,
oTnV omoia gloNyONKav OAa Ta ooyl TG €pELVALG,
T0. OTOL0L ATOTEAOVV:

e GUOYYXpOVOL TOTOYPOQIKOL YAPTES KAipLOKOG
1:50.000 xot 1:5.000, pe axpifeo 12,5m
kot 1,25m avtiotoyya, g TI'ewypoagikng
Ynnpeoiog Ztpatov,
ymowkol yaptec,

o agpoptoypoeieg 1:2.500 and to EAAnvikd
Kmuatoddyo akpifetag pukpdtepng 1 iong
TOV €VOG PETPOV,

OEJOUEVO EMPAVELNKNG £pEVVAG, KABDS Kot
®  JlOVUCUOTIKG Oedopéva  avOoKOQ®Y  TNg
TEPLOYNG TTOV €X0LV YewavopepOet.

Ot avoloytkol YAPTEG TNG OPYOLOAOYIKNG VANPECIOG
ynoeloromOnkav kot yeoovapipnkay oto EAANviKo
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lewdorticd  Zvompa  Avagopds tov 1987,
eEaoparifovtag £tol v TadTion Tovg, aAAG Kupimg
NV oOYKPIoN TOVG HE TA CUYYPOVO XOPTOYPUOKA
vofabpa.

[IpdcBeta vy v perémn g mopelog ToOv
vopaywyeiov ypnoponoOnkay:
1. ymowxod povtého eddpovg DEM avdivong
30x30 m

2. Awvoopatikd apyeio yuo

o. TNV OKTOYPOLLUT|

B. T0 031K dikTVLO

Y. TO VIPOYPAPLKO SIKTVLO
3. xabdg kot onpeio GPS mov avakthnkov
amo TNV EMAEKTIKY £pevva TEdiov.

Xoptoypapwd  vmoPabpa  tov  Epyactnpiov
Xaprtoypapiog kot ['eaminpogopiknig Tov Tunqpotog
T'eoypapiog oV Havemotpiov Avyaiov
ypnoomombnkay yo v gdpeon onpeiwv eréyyov
610 €30p0¢ Kol TV vAomoinon ¢ 'ewavapopdc
TOV  OVOAOYIKOV — YOPTOV NG  OPYOLOAOYIKNG
vanpeciag. Télog, Ta onueia wov avokthOnkay ornd
TNV EMAEKTIKY €pevva mediov ypnoyomomonkay yuo
M YOPWKN  TomofETnom Kol TOUTION TV
EVOTOUEWVAVI®OV KOTOAOIT®V TOL VIPUY®YEIOL OTO
avayiveo.

Me avtd tov Tpomo ot Béoelg Tov Vipaymysiov
evoopotodnkay oto [.EIL, pe amotéhecpo ot
EVTOMICUEVEG apYaloA0YIKEG BEGEIG Vo eivol TANPOG
Kot pe omdivtn oakpifelo kabopiopéveg oto Ydpo
(Ew. 8-9). Evtuyn ovykvpio 7y ™ peAé
OTOTELECE 1| AVOCKOPIKY £PEVLVA TTOL de&dyeTar Yo
TPOT POpA G KaTdAouta TOL LOpAywWYElOL, GTO
miaiclo Tov €pyov g 36mg EBvikng O600. Katd ™)
SLIPKELD TOV EPYOCIOV NG, ATOKUADEONKE KTIGTOG
ayoyoc tov vopaymysiov oe pnkoc 54 p. (fog 26
Ampthiov 2014) pali pe 1o kdOeto ppéap (Pavig).

Ta véa ovtd otoygeion TG AVOCKAPIKNG €PELVOG
gvoopotodnkay oy yewPdon,  mopEXOVTOC
peyoAvTEPT OKPIBELD OTIC VTAPYOVOEG LETPNOELS.

R=230,0g9 |

R
&
i

Ewova 8 Tomoypapik| oamotdmwon tov vEou
TUNWLOTOG TOV KTIGTOV 0ymYOU.

Ewéva 9 Tonoypd(pud] &noﬁ'mcocn Tov ®avod amd
™V v eEeMEEL 0PYOLOAOYIKT] OVOTKOQT).

3a. Avédivon mopelog

H pébodog avérvong sloyictov KOGTOVG SL0OPOUTS
(Least Cost Route Analysis) ypnoiponomnke yio
mv gbpeon TV Tepoydv amnd TG omnoieg Ba
UITOPOoVGE Vo, SIEPYETAL O AY@YOS TOV VIPOYWDYELOV.

H pebodoroyie avty éxer ypnowomombel oto
napeABov Yoo v edpeon Péitiotev Bécewv Kot
dwdpopav vopaywyeiov (Leusen 1999, Gietl et al.
2008, Ortengo & Miro 2011).

INa ™ perétm tov otoyeiov mov cvAAéxOnkav

dnpovpynONKay o1 TaPAKAT® XAPTEG:

1. Xapmg Khicewv g mepoyng perétng (Slope
maps) pe ooPdOuion ava 2 poipeg (Ew. 10).

? | 1:100,000,

lid e f"t’f MG RO
Ewova 10 Xépng xhicemv g mepoyng Herétng.
Me kOKKIVO amrodidovTol To onpeio Tov VOPayYEiov
ov Ppiokovial oe TEPLOYES UE TOAD kP KAiom
(xMoeig petalo 0,1 kot 2 %).

2. Xépteg katevbovong g pong (Flow direction
maps). Ot xapteg avtoi amsuovilovy ta pactep
dedopéva, to omoion mopNyOnoav yuw TV
QTEWKOVION TNG KATeEVBLVONG TG PLGIKNG POTG
HEGO 0TO avAyALPO Yo KABE KEAL TOL YnPLoKoD
HOVTELOL £6GpoVG oTa Yertovikd Tov (Ewc. 11).
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Y

T

ey A by 1:100,000
Ewova 11 Amotedéopata kotevbouvong pong tng
meployng HeAéne. Me okovpo ypodpa amodidovron
onpeia Tov avayALEOL GTA OOl 1| PUGIKY POT) TOV
vepoL glvat LeyoADTEPT, VO e KOKKLVO amodidovTot
ta onpeio Tov vépaywyeiov ta omoia Ppickovral ce
mePLOYEG He pkpn KAlon.

3. Xépwmg pe to amoteréopata g Cost Distance
avéivong. H oavdivon oot vroloyiler
COPEVTIKA LIKPOTEPN OMOCTACT KOGTOLG Yo
KkGOe KeAM NG TEPLOYNG HEAETNG GE GuVAPTNON
HE TNV EMQAVELD KOGTOVG, 1 0omoio, £yl optobel
COLPOVO HE TIG KMOEIG TOL avoyAdQOv TNg
meployNG. Xty ewova 12 amewoviovtor o
onpeio. Tov vVOpoywyeiov mov Ppickoviar og
TEPLOYEG HE YOUMAES TWEG, COUQ®VO HE TNV
avaivon (Ew. 12).

R

1:50,000

Ewéve 12 Amotedéopoto g Cost Distance
avdivong. Me ckovpo pmie amodidovrol onpeio Tov
avayYADEOL TOL £XOVV TO HEYOADTEPO «KOGTOG PONGY,
COLPOVO HE TIG KAIGEIS TOV YEITOVIKOV TOVG
onpeiov. Me KkoKKivo amodidovior To. onueio Tov
vopaywyeiov Ta omoio. Ppickovial o€ mEPLOYEG pE
HKpd «KOGTOG POG».

4. Xapmg pe ta onotedéopata g Cost Back Link
avéivong. H oavédivon ovt PobBuovopsi to
KEAMG NG EMEAVEWS HE TO «KOGTOG PONGy,
GULLOMVO LLE TO YELTOVIKA TOVL OTUEin, e GTOXO

va BpeBovv ta KeAd e TN AlYOTEPO GMOPEVTIKY|
nopeia k6ctovg (Ewc. 13).

Ewoéva 13 Amoteléopoto g Cost Back Link
avdivong. Ou mepoyés upe ta Oepud  ypouo
OTOTEAOVV TTEPLOYEG e LEYAADTEPO KOGTOG POTG.

Inuoviikd  otoyelo  yuo v akpifeln TtV
OTOTELEGUAT®V TNG avOALoNG Tng anotelel 1 KAion
™m¢ dwdpopng, m omoio extdtor oto  0,96%
(Koldewey 1890, 67 xot yevikd ywa tig KAioglg Tmv
voatoyoyov: Kaidpa 2008, 68, onu. 50, pe
avapopés oto BirpovPio (VIII, 6, 1) xar otov [TAivio
(N.H. XXXI, 57). Mw 1tétoio kAion £xet o¢
amotélecpo ™V KaBodo TG Sl0dPOUNG TOL VEPOD
kB’ Yyog 0,3 w. v kéBe 30 p. emukhvoig mopeiog
TOV GTO aVAYALQO.
o ™ xoptkn avalvorn Kot T HOVIEAOTOINoN TG
dradpoung Tov vdpaymyeiov g MutiAgvng Adfope
voéyn T (OPOKTNPIOTIKA  TOV — POUITKAOV
vopaywyeiov (Hodge 1992, 172—-184):
e H pon tov vopaymysiov gival Tdvtote Tpog
pio Katevbovon
e AkoiovBodv
dtadpopég
e 1 mopeia Tovg ivat eAeyyOpeEVN Ko 1) KAiom
tovg eival otabepn (Kaideo 2008, 324).

emKAMVElg KOTNPOPIKES

XopunEPASNOTO-ATOTELEG AT,

Me ) Ponbewn tov I'EIL., dwmothdnke ot ta
OLKOOOUIKG KOTAAOUTO TOL VIPAYDYEIOL KOl KT
eméxtacmn 1 wopeio Tov, eiyav tomobetnOel Aabepéva
OTOVG TOAULOTEPOVG YAPTEG KoL TALOV YO TPDTN
@opd &xovpe to evamopeivavio onpeio avTOL TOL
HEYGAOV TEYVIKOD £PYOV YUPTOYPAPTLEVA LE LEYAAT
axpifela. H ocvvéyeia g €pguvog miotedovpe 6Tt Ha
€lval ATOKOAVTITIKY Y10 TOV EVTOMIGUO TNG GUVOALKNG
nopetog Tov vVopaymyeiov. Ot VYOUETPIKES dLOPOPES
and onuelo oe onueio pavep@vovy TIC KAIoES Kot
emiong pog Pondave va amnokieicovpe kémoto GA
TeYVIKG Epya IOV Ppickovtol oty TEPLoyT SIEAELGNG
(.. Yépupeg, mAvol KuAvopikol aymyot), aAld dev
OTOTEAOVV SOUIKG GTOLYELD TOV VOPAY®YEIOL.
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H ypnon 1tov Teoypapwodv  XZvompdtov
ITAnpoopidv eivor amapaitntn, TpPokeyévov va
avoAvoel T dwdpoun TeV vopay®yEi®v Kol T
oY€0M NG TOPElg TOL e TNV TOTOYPaPia TOV TOmiov
70 omoio kat dtooyilet.

Xmv mepintoon Tov vopaymyeiov g Mutidgvng ot
avoAboElS avTéG  OmodewkvieTal OTL TPEMEL  va
YPNOWOTOOVY TN YOPIKN OvOAVG ©¢ [
depeuvnTikn dradtkooio kot Oyl ¢ EXEENYNUATIKO
gpyaAeio. Q¢ mpog TV mapovoa PEAETN Ol HEYAAES
o€ KAMpaKo avOpeToYEVEIG EMMTOCELS 6TO AVAYAVQO
g mepoyng (Ewc. 14), o oyetwkd pikpds apBpog
EVOTOUEWVAVI®OV TUNUATOV TOL LIPAYMYEIOL KOl Ta.
Alyo yopwd Oedopéva, £€xouv ®G CLVEREWL TO
OTOTEAECHOTO  TNG HEAETNG VO €QOovv  peydAa
nepli@plo cOAALATOS.

Tla ™ dpbwon tov ceouipdtov omateiton TOAD
peyaAvtepn axpifela omv OPYOLOAOYIKT
mnpogopia, 1 omoion pmopel vo amoktnOel e
TOTOYPUPIKY] ONOTOT®MGN OA®MV TOV KOTOAOIT®V.
Tavtoypova 1 €0pecn Kol YEOAVAPOPA YAPTAOV
ToAOTEP®Y  mEPLOd®Y,  OAAG kol OBécewv
(landmarks) mov oyetiovtor pe to vopaywyesio Oa
Bonbnoer mote vo avomopooctobel TO  dvvatdv
PEOMOTIKOTEPO.  TO  AVAYADPO NG  TEPLOSOV

KOTOGKEVTG KOL AELTOVPYIOG TOL.

B | Y
Ewova 14 Aagevpévoc Kat KTiotog aywyog ot 0éom
Aapoaiec Ilétpeg. Ilopddetypo  avOpwmoyevoic
KOTOGTPOPNG.

Elvat emiPePAnuévoc 0 GuvOLAGHOG TOV VOADTIKMDY
dvvatomtov  tov  T.EIL kot g  emtdmog
OPYOLOAOYIKNG EPEVVOG KOL OOTUTMOONG MOTE VL
UopovV vo. Topofodv 0oQoA GUUTEPAGLLOTO Yio
T1] GUVOMKT| S10OPOLT TOV, TO TPAYHOTIKO UHKOG KOl
TNV DYOUETPIKT] S10pOopa omd TIg TNYEG VOPOANYiag
€ong ™V TeMKN OgfapEvr]  GLYKEVIPMONG KoL
Sdtavopng tov vepov (castellum). O Koldewey ota
téAn tov 190v an.  oavoeépel ©C UNKOG  TOV
vOpaywyeiov Ta 26 YALL. Kol G VYOUETPIKY| d10.popa
and 115 myég Tov OAvpmov otnv oA ta 250 .
(Koldewey 1890, 65-68), petpfioeis opmg mov dgv
&xovv emPeParwbel Emg onpepa.

[Ipdobeta otoyeion Yoo TOV EVTOMIGUO KATAAO®V
0V VOpay®yeiov UTOPOVV VO dDGOLV UETE OO
eme€epyacio YEOPLOIKES SL0GKOTIGELS, SOPLPOPLKES
angwcovicelg, kabdg kKot aepopmToypapies apyeiov.
H ovvéyion g mapovcag €pevvag dnuovpyei Tig
TPOOTTIKES o(€O0GLLOV evog EPELVNTIKOV
TPOYPELLOTOG e GLUpETOYT TG appodiag Eeopeiog
Apyoaromtov, tov Ilavemompiov Aryaiov kot tng
Tomikng Avtodioiknong yw v emniPefaioon ™g
TANPOVG  SOPOUNG, TNG VWOUETPIKNG Olapopd,
OAAG Kol TNG KAONG TOV ay®y®V TOL POUAIKOL
vopaywyeiov Mutiavne. Emnpdcbeta, n edpeon tov
oLVOLOVL NG Topeiag Tov Vopaywyeiov Ba pmropovoe
va Ponbhoet omv avddeln TOV  HOVASIKGV
APYOLOTATOV NG TEPLOYNG OEAELONG TOL Kot va
OmOTEAECEL O LDYNANG TOWOTNTOG TOALTIGTIKN
TEPITOTNTIKY Stodpopn| péca 610 AesPlakd Tomio.
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ANAZHTHXH OAIKQN AIKTYQN EINIIKOINQNIAX
KATA TH NEOAIGIKH ITEPIOAO XTH NA OEXXAAIA
MEXQ XQPIKHX ANAAYXHX ME GIS
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YILIIO.A. — II” E@OPEIA ITPOIZTOPIKOQN KAI KAAZIKON APXAIOTHTOQN (BOAOY) —
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Iepinyn/ Abstract

H ypnon teyvikov yopikng avaivong tov Xvotpitov [eoypapwdv TTAnpogopidv amotedel o 1om
TAYIOUEVY] TOKTIKY] GE TPOGEYYICELS OV OMOCKOTOVY GTNV OMOKOIIKOTOINGT OKIGTIKAOV GUUTEPIPOPOV TOV
KOwovidv tov mapedfovtog. Xto apbpo emyeipeitar va tpotabodv apevog cuyKeKpLévol $iodot emtkovmviog
HETAED TOV OKIGHMV Kot 0QeTEPOV v cuNTNOel  ¥pNOUITNTA HLEG TETOLN TPOGEYYIONG KOl Ol TPOOTTIKES OV
avoiyovtat oty £pguva. [ to okomd avtd YPNGLOTOLOVVTOL TEYVIKES YAPOENS dLAOPOLDV EAAYLOTOV KOGTOVG
HETaED GLYKEKPWEVOV OKIGH®V TG NeoMBikng mepodov ot NA Oeccalrio, el TOL YNELIKOL HOVTEAOL
€04.povg. AlNTVTTMVETAL 1 LTOOEST], OTL Ol TPOTEWVOUEVES SASPOUEG THAVOV VO AEITOVPYOVGAV SLOYPOVIKA MG
EAKVOTEG Y10, TN SMUIOVPYia LETAYEVEGTEPMV OIKIGUMV O GLYKEKPIUEVEG BEGEIG KOTO UKOG TNG TOPEING TOVG.
Emumdéov, oe eninedo épevuvag, UmopodV vo, ¥pNOELGOVY MG €va, VEO £pYOAEl0 OUABOTOMNGNG TOV OIKIGUAV
TPOKELEVOD Vo LEAETNOOVV evdEXOUEVO SIKTVO AVTOALAYDV, ETAODV OAAG KoL TPOTAPYIKDV 1EPAPYIKAOYV SOUMDY
opyavmong, 66ov aeopd TV eEATANGT TOV VEOMOIKAOV KOWOTNT®Y GTO YMPO.

It is attempted to explore the habitation patterns of prehistoric Neolithic societies in eastern Thessaly, Greece,
using GIS techniques of Spatial Analysis. Particularly, hypothetical routes of communication are proposed,
based on the terrain accessibility as it is calculated through the use of a Digital Elevation Model. It is finally
assumed that the proposed routes may have operated over time as attractors for the creation of subsequent
settlements in specific places along their course. Moreover, the routes can serve as a new tool for grouping the
settlements into possible exchange networks and primary hierarchical structures, regarding the spread of
Neolithic communities in the area.

Aé&erc Kleroid.: Neohbwkn); @eccalio; GIS; Spatial Analysis; Least Cost Path; Visibility

Ewayoyi

Amd T1¢ apyég Tov 20%° aumva, dtov damicTdbnke Ot odwol G&oveg), ta omoio YPNOYWOTOOVGAV Ol

ot Oseocoria daodletar €vag peydAog oplOpog
domaptov vEOMOIKOV OIKIoH®V, Kuplog pe
YOPOKTNPIOTIKY  HOPON TOV  YOUNADV  YNAOQ®V,
é0nke 10 BN TNG epuUNVElNG TNG KOTAVOUNG TOVG
oto ydpo (Toovvtag 1908, Wace & Thompson
1912).

[MopdAdnio pe v épevvo mov aPopovoE GtV
HOPOT KOl TNV EOMTEPIKY OPYAVMOGCT TOL KAOe
veoMOwoh OKIGHOV, dpyloay Vo ONUovpyovvToL
KOTAAOYOL UE AMEKOVION TG O106TOPAG TOVS TAVM
oe yapteg. Ilpotdbnke oyeddv opéomg mn vmoapén
oyvpNG BeTiKNg cuoyETIong TG BEoNS TOV OIKIGUOV
pe mopaxeipeves myég vepol, pEHOTA 1] TOTAULN
(Toovvrag 1908). Hapatnpndnke eniong
OLEOUEIDOT TOV OIKICUAV AVALESO GE VTOTEPLOGOVG
™™g Neolbwrg Emoyng. Apyotepo, vedtepot
EPELVNTEG TOPATIPNOAY OTL KATE TIG TPADTES EKEIVES
TPOCTADEIEG LEAETNG TG KATAVOUNG TOV VEOMOIKGOV
OIKICLMV VLINPYE 1OYVPN GLCYETION TOV OIKIGUOV
OV AmMEWOVILOVTOV GTOVG YAPTEG LE TO CUYYPOVO
oLYKOWOVIOKA dikTua  (G1OMPOdpPOIKY  YPOUUT,

TOAOOTEPOL EPEVVNTES Y10 TIG PETOKIVIGELS TOVG KO
T1g €pevvég Toug (Gallis 1979).

1. To mhaicwo TG épevvag

Tn dekaetic Tov 1970 Eexivioe pio  peydan
eKTETOUEVN empavelakn épevva amd tov D. French
Kot TV AyyAikn Apyotohoyikn ZyoAn AOnvov pe
oKOomo, €KTOC TOV GAAMV, KOl TNV KATOYPOQPH TOL
GLVOLOV TOV TPOIGTOPIKAOV OIKICUDOV 6T Occcaiio
(Oeoybpng 1973, Halstead 1984, preface). H
ONHOVGT] TOVG £YIVE e TOTOOETNON OTA®Y KOVKId®V
o€ £voL AEVKO YAPTN OV ElXE LOVO TO TEPTYPOLLLLO TNG
®ceoccoriag. H epyacio avt) anotédeoe tn Paon yuo
évav TANpn katdioyo and tov P.Halstead ota péca
¢ oOekoetiog tov 1980, yopic Opmg Witepeg
yoptoypaekéc mAnpopopies (Halstead 1984, 232—
244). Tnyv 10w mepiodo, pe agopun TOV OvadAGHO
Tov aypotepayiov oty  Kevipwr @Ogocaikn
ITeduada, xotTaypdenKav ot TPoioToplkol OIKIGHOL
™G TEPWOYNG YL TPAOTN QOPA HE YEOYPUPIKES
ovvtetoyuéves,  otolyelo  €KTAoMG  OAAG Ko
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TANPOPOPIES AMOAVTOV KOL GYETIKOD VYOUETPOL Y10,
k@0e pio omd avtég (CaAAng 1992). Av kot ot
GUVTETAYULEVEG TTOV SOBN KAV amoTEAODV TOAVTIUN Kot
HOVOOIKY  ylo. TNV €moyN TANPoQopid, ®GTOCO
VRApyovv Kpd cedAipata kabog vroroyiloviov
éupeoa petd amd onTKO EAEYXO TNG MEPLOYNG Ko
EVTOMIGUO TOV ONUEIOV EVOLPEPOVTOG GE YAPTN LE
KMpoka 1:50.000. Me Bdon oot v epyocio
ELOOVIOTNKOV KOl Ol TPOTEG TPOCEYYIOES HE TN
xpon ovomudtev GIS, oe po mpoondbeio va
TPOGOIoPIoTOLY  UEYEDN Ommg M péon amdoToom
peTa&d TV OKIGH®V avl mepiodo, n Béon Tovg ot
oxéon He TO LYOUETpO, PacikéG  PETPNOELG
mokvoTTog  Kupimg pe  moAvyova  Thiessen,
MEPLOPIOHEVNG  €KTACTG  YPNON TOV HETPNOEMV
opatdétTag Kor TEAOG o mpdT  mTpoomabdela
g&étaong neplforloviikdv Topaydvimv og oyEon Le
™V mokvoTnTo 1 akdpa Kot v vmopén M arovcio
OKIoP®DV og ovykekpyéves meployés (Demoule &
Perlés 1993, Perlés 2001).

[Mopdpoteg mpooeyyicelg pe e véo  EVTOTIKN
EMPAVELNKT] £pguva Kal T xpnomn cvotnudtov GPS
kot GIS, wpaypotomombnkav mpdoeata oIV
meployn ¢ Mayvnoiog Kot £181KOTEPH 0TIV TESLAdN
Tov Alpupov, pe okomd T depedvnon g oxéong
TOV SOUNUEVOD OIKIGTIKOD YMPOV WE TOV LTOAOLTO
¥®po, OmOL  avamTLGGOVTAV Ol Kabnuepvég
dpaoTnPOTNTEG  TOV  VEOAMDIKAOV  Topay®y®dV
(Bovlo&dkng 20080, 2008B, 2008y & 2009). H
épevva avt) Pociotnke Kupiwg oe oL peydan
ov{fmon mov eiye Eekwnoel NON amd T dekaetio
Tov 1980 Kot apopd TNV KATAVOUN TOV ELPNUATOV
EKTOC TV OIKIGTIK®V mepoy®v (off-site distribution)
0€ U0 TPOOTADELD OMOTIKNG OTTIKNG Kol HEAETNG
Tov ydpov (Bintliff & Snodgrass 1988).

Me agoppn mopopole EpOTHUATE ETLYEPONKE TNV
tehevtaio dekaetio, EMioNg, Ui CEPE VEOV EPEVVAOV
péoa amd ddpopa mpoypdupato tov Epyactnpiov
T'sopuowmng - Aopvpopikng Tniemiokomnong kot
Apyoomepidiroviog IME (Alexakis et al. 2008).
210 TPOYPOLLLOL "NeoMbOwkn ®eocorio
Kataypdenke 10 cOVOAO TV VEOMOIKOV OIKIGU®OY
ot ®gocoAio, ATOTVTOVOVTAG TN YE®YPUPIKT TOVG
0éon emaxpdc pe ovvietoypéveg mAV® of
YNOKOVG  YOpTEG HE TN YPNomn  oLYYpPOvmV
ynolokdv  ocvommudtov  (GPS,  dopueopikn
miemokonmon, GIS). Me Pdon ta yewloywd
dedopéva amd ™ PProypagio (Demitrack 1986,
1994, Floras & Sgouras 2004) xot omd Oekddeg
YEQTPNOELS OV TPOVTNPYUV Kol glyav Kataypapel
ce OAn 1t Osocolic, vLREOAOYIOTNKAV — TPELS
OWIPOPETIKEG  OVOTOPUCTACEL;  TOL  (QLGIKOV
avayAvgov (DEM pe avdivon 1:50.000) yio to yxmpo
™G ®eccaAiog, Ol OTMOIEC OVTIOTOLYOVV OTIS TPELS
SOQOPETIKEG YPOVIKEG TEPLOdOoVG TNnG NeoMBikng
Emoyng  (Ale€dxng 2008). To opywd ovtod
wpdypappo cvveyileton mAéov ofuepa pe o véa
popen mov  mepAopPavel EMTAEOV  EKTETOUEVEG

oOVOETEG YE@PUOIKEG £PEVVEG TOVD Kol YOP® amd
GUYKEKPLUEVOVG VEOMOIKOVG OIKIGHOVG, KOO Kot
emmAéov  emefepyocia TV dedopéveov  HECH
S0PLPOPIKNG TNAETIGKOTNGNG, YNMKOV OVOADCEDV
€04.pOVG KOL TOV EUTAOVTICHOV TNG ApPYKNG Pdong
dedopévov pe emmAéov otoryeio. IIpdxettar yuo o
npoypappe "IGEAN — Kowvotdpeg yem@uoikég

TPOCEYYIOES YL TNV UEAET TOV  TPOU®V
aypoTIK®V  gykatactdos@wv G NeoAfikng
Oeccoliag".

Me €pdd0 ovTd TO YMELOKE ovayAvea €66(pOovg
OAAG Kol TNV {PoUmApYovca  €pEvVA. KO
Broypapio, mpoteivovtol TOPAKAT® i GEPQ
TPOCEYYICEDV GYETIKA e TN BE0M TOV OIKIGU®V GTO
YOPO Kot Tov TPdmO emkowvwviog tovg. Katapynv
efetdomnke 1 dvvatotnta  aflomoinong TV
OedOLEVOV KaL TNG TEXVOAOYIOG Yo TOV EAEYXO NG
opatdtTag YOp® Omd TOLG OKIGHOVS, KaBMG Kat 1
duvarotnto vo SiepguvnBodv mbavic mefomopucég
S10popéc oOVOEONS TV OKICU®MY UETAED TOLG,
Aoppavovtag VoY KLPIMg TO0 PLOIKO AVAYAVPO TNG
Kk@0e meproyng. [oAd amkd dnradn, emtyepnonke n
petatomion and TG gubeieg ypappés ocvuvoeong TV
OIKIGLLMV TTOV TPOTEWVAV 01 EPEVVES TV TEPACUEVOV
OEKOETIOV 0 WO MO  ‘PEOMOTIKY”  TPOTOOT
o VvdeoNS Tovg, péca amd meComopicés SLUdPOUEG
mov  Aopfdvovv vmoOYN TOVG TO  TPLGOWICTOTO
AVAYALPO NG YHIVNG EMLPAVELOC.

Oa mpénel wot6co e&opyng va dnimbel 6TL amd v
KaBopd  OpYOOAOYIKY OTTIKY, TO VTOAOYIGTIKG
TPOYPEULOTO KOL Ol TEYVIKEG TOV (PN OLLOTO 0K
kot mov  Bo  meplypaolv  mopouKAT®,  Oev
xpPNo oo OnKay ooV évag BeTiKioTIKOG
HNYOVICHOG  TTopay®yng OmOALT®OV 1 OPIOTIKAOV
oAnfeldv Kol Yvooemv, 0AAGL ®G a@opun Yo
mepetaipo ovlATnomn, o€ [ SWpPKY] EPUNVELTIKY
mpocéyylon ¢ Cong kot Tov  KOGUOL  T®V
VEOMOIKOV KOWOVIdV Tng Ococaiiag.

2. O oyedwopds kKov 1 mPOTASN EAEYYOV
V00ETIKAOV TECOTOPIKOV SLAOPONAV NETOED TOV
OLKIGPLAOV

H opywn Wéa nMrav va Ppebel évag tpdmog va
TPOGOUOI®O0VY KaTmoleg VITOBETIKEG OLOdPOUEG OV
0o pmopovoav vo xpnoioroinfodv TPOKEUEVOL va
petakivn el KAmolog and GLYKEKPYLEVOLS OIKIGHOVG
Pog  KAamowovg GAlovc. Ot dwdpopéc ovtég Oa
EMPENE VO, TANPOVV GLYKEKPYEVES TPoUmoBEcelc.
[Ipdtov Bo émpeme vo AapPdvovy vmoYnN TOVG TO
Quowd avaylvpo (kKAioglg €daeovg, dvokoAia
pocPaons KAT) e dedopévo 0Tt Ba Empene vo givar
gvkoAa mpoomehdoipes ond melove, OGOV KoTd TN
veoMbOwn mepiodo dev eiyov opyioer okopo vo
ypnoponoovvton ta {oa g vroldylo. Agvtepov Oa
Enpeme va €lval Ol EVKOAITEPES KOl GUVTOUOTEPES
dvvatég ovvumoroyilovtag poll pe v evkoAio
TPOCTELAGILOTNTOG KOl TOV OTOITOVUEVO YPOVO Y10,
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®  Early Neolithic Settlements
O Modem towns

50 Kilometers

Ewoéva 1 Xaptng g Oeccariag pe Touvg NeolBikovg okicLovg Kot TIg TEGOEPIC TEPLOYEG EAEYYOV.

mv  olokMpwon tovg. Tpitov epdoov  Ba
Aettovpyodoay g 610001 apPITAELPNG EXKOVOVIOG
B0 émpene vo TANPOVV TO TOPATAVD KPLTHPLO, KOTA
™V petakivnon Kot tpog Ti¢ 6vo Katevbivoelc.

Q¢ epyadeio yuo 10 oxedOOUO TETOLOV VTODETIKMDV
Sdpopdv emAEyOnKe N SuVATOTNTA TNG EPUPLOYNG
Arcgis 10.1 vo vmoAoyilet T Aeyduevn ‘Sradpopn
eldyotov  Kkootovg” (least cost path). Znueia
apetnpiog Kot KatdAnéng omotélecav Sudpopot
owiopol 6mmws o avaivbel mapaxkdto. Qg empdvela
QUGIKOD  aVOyADPOV ypnolpomomdnkay Tta  Tpia
DEM apyeio. mwov mpoovagépOnkav, &vd ®g
emeaveln. TPIPNG ypnolpomonke éva apysio pe
TIWEG VIOAOYIoNEVEG Yo kGOe pixel pe Paon v
ovvaptnon v v melomopio tov Tobler, 1 onoia
Aappavel vToyT Kupimg TV KMo TOV €6GEOVE Kol
tov mpoocavotoiiopd tov (Tobler 1993). Ipopavdg
GTOV TPUYLOTIKO KOGHO TNG veoAdikng meptodov Ba
empéalav kot GAAOL TOPAYOVIEG TNV EMAEYUEVT|
Sdwdpopn], KaBMOG Kot TNV TOOHTNTA N TNV EVKOAIM
TPOCTEANONG €VOG TOmOVL omd  évav  melomdpo.
Tétowor mopdyovieg iowg Nrav 1 Omapén eldv 1
dacmv, KAOmolw TERVIKG €pyo  UIKPOTEPNG 1|
peyoddtepng KApokoac, olAd kot Kowvovikol Kot
Weoloywol  maplyovieg, OMMG  OTMOYOPEVUEVEG
mePloyég N avtifeta meployég mov AElTovpyoHoaV MG
TOTOGMUO KOl ®OG €K TOVTOV TOAVOV EAKVGTIKA (TT.X.
poe Iy vepov). AvcTuy®dg OUMG 1 OPYOLOAOYIKN

épevva dev €xel KoTophlMoEL aKOUO VO avayvmpicel
TETOLEG TEPLOYEG TTPOKEEVOL Vo AN@OoHY vITdym).

20. Ot mpodTeg 0moOTEPEG O1epeHvNoNGg SadPOUDY
evtog g medtadog AAvpov.

Apyd, eléyybnkav kdmoleg S10dpopég EVTOS NG
[Meduadag Tov Alpvpov, pe apetnpio Kot KOTAANEN
owiopovg g Apyootepng NeolBikng Ieptodov
(AN) (Bovla&daxng 2008a, 233 k. €€.). H nedidda tov
Alwpod  emdéybnke ®¢ p  OpKeTd  KOAG
EPEVYT|LEVT] TTEPLOYN Y10 TNV TtEPTI0d0 TNG NeoABikng
(Morokooidm 1997, Molakooiotn et al. 2008,
Karoyidvvn et al. 2007, Reinders 2004, Povtipn
2004, 2005, Bovla&daxng 2006, 2007, vad ékdoon o,
B, 2008, 2009, 2011). H mepiodog ¢ AN emidéybnke
KUPl®G EMEDN O VTN ELPAVIOTNKAY Ol TPDTOL KoL
TOAOLOTEPOL VEOAOKOL OIKIGHOT KOt UTOPOVUE KOTA
ouvénelo va vmoBécovpe OTL TOTE SlapopemOnKay
Kol €YYpAQNKAY GTO YMPO TA TPMTA 0OKE dikTva
emkowoviag.  Eviwpépov  mapovoidlovv ot
VTOOETIKEG OOPOUEG OV  EVAOVOLY TOVG TAEOV
OTOULOKPVUGUEVOVG OIKIGUOVG NG TEPOYNG KoBdG
Saoyifovv peyUADTEPEG OMOOTAGELS SLOTPEYOVTOGS
o GKpo o€ AKpo oAdKANPN TV wediddo. H mpd
OAT] OTTIKY] TWOPOTNPNOY] MOV TPOEKLYE NTAV OTL
KAmoleg O10dpopeS OLEPYOVIOV TOAD KOVTA Omto
EVOLAUEGOVG OIKIoUOVS TN 181G TEPLOSOV, YWPig
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®  Early Neolithic Settlements

25mi 7.5mi 12,5 mi

20 Kilometers
1

24,35 mi

Ewoéva 2 Opdado diadpopdmy oo votio, g medtddog Alpvpod mpog nedidda Papodiwv. EwkoviCovral ot

owopoi tng Apyotdtepng Neolkng.

avtol va €ovv Anedei vwdym Kotd ™ Snpovpyia
™G ekdotote Oladpopng. Avti 1 mopoINPNom
ooivetat vo, gvioyvetat LOALG TpofAnBovv ot okiopol
™mg Méong NeolbBwng Ileptodov (MN) kot g
Neotepng (NN). Yrdpyet Guvenmg 1 evIOTmon 0Tt ot
LETOYEVEGTEPOL OIKICUOL OVOTTOGOOVTOV LE TNV
mpodo TOL YPOVOL  OYETIKA KOVTA pHE  TIG
mpobmapyovceg drodpopés. Qotdco, Ge P TEPLOYN
7oV givat Aiyo TOAD emimedn), UE LUKPEG VYOUETPIKES
dwapopég kot KAicelg OempnOnke OtL 1 gKOVA pmopet
KoL Vo, TV TAQGLLOTIKY.

2B. Eméxtaon tov  eyxepuotog  depedvnong
dwdpopdv peta&d TOV  YEITOVIKOV — TeSLad®V
Alopo?, Papodimv kot Beleotivou

Anopociotnike Aowmdv va SOKILOoTEL TO HOVTEAO LE
SLOPOLES TTOV VO EVAOVOLV OIKIGHOVG OO YELTOVIKEG
mePLoyEg, oL omoieg ywpilovial pe AoemOeg 1 Kot
opewég extaoels (Bovla&akng 2011). Me tov tpdmo
oVTO Ol TPOTEWVOUEVES OLOBPOUEG EAAYIGTOV KOGTOVG
0o "avaykalovtav" va Adpovv voyn tovg éva o
TOAOTAOKO  QUGIKO avdayAvgpo pe a&loonpeimteg
VYOUETPIKEG  OSPOpEG KOl KAOES — €00QMV.
Enéybnkov téocepig mepoyés (Ew. 1): H medidda
0V AALVpo?d, N TEdEda Yopm and ta Dapoaia Tov

oamotedel kot TV €icodo amd VOTIOOLTIKG Yo
oAOKAN PN TV wediado g Kapditoag, ) medidda tov
Beleotivov mov evdvetal Kol ovTH GTHV 0vcio e
v Teddda ™G Adploag Kot 1 TEpoy — medda
tov Bolov. Oleg avtéc ov mepoyés ywpilovron
petagd Tovg amd  yoUNAOTEPOLS 1| YNAOTEPOLG
AOQOVG KOl  £VIOVO TTUY®UEVE  OVAYALQO OF
avtiBeon mavta pe TO emimedo AVAYALPO TOL
Tapovcelalovy ot idleg.

Evdewktikd n wpdtn opddo dadpopdv mov o pog
OTTOGYOANOEL Kol 1OV ToPOoLGLAlEl EVOLPEPOV Elvat
ot dtadpopéc pe apetnpior o NA dkpo g medladog
00 AAUVPOL KOl KOTOANYOLUV GTNV TEPLOYN] TOV
Dapodrov depydpeves and T AoPddN £KTOOT GTO
evolaueco (Ew. 2, 3). Emiéymke o¢ agempio o
owiopog Kapatcdvtoyht Kot oG TEPUATIONOS OL
owicpoi Bpuoud, Tlivi kar Ztavpdg 1. Eto onpeio
avtd Bo mpémer vo onuewwBel 6t 1 oxedioom
HeEYOA®V O€ OmOGTACT SUOPOUDY GTO TEPUUOTIKO
avtd povtélo efummpetel ot depevvnon TV
TEPOCUATOV Omd TN pie medda otV GAATN pécm
TOV eVOIUESOY AOQ®V, Y®pig vo onuaivel kot
avaykn Ot kdnolog Oa S1évue amevbeiog ta 45 1 50
ydpeTpa g andoTaoNG TOVG. X& aVTO OUMG TO
0épo Bo emavérBovpe apyodTepa.
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O Middle Neolithic Setlements

IS mi 125mi 175 mi

20 Kilometers
]

Ewoéva 3 Opdda dwodpopdv and votia g medtdadag AApvpov npog ntedtdda Papcdrmv. Ewkovilovtat ol

owopoi tng Méong NeolOwng.

Topoampndnke Aowmdv 6TL g €va onueio ot Tpelg
Sdwdpopéc towtiCovral Yo vo, dloy®plotovy 1 kdbe
plo og S10QopeTIKO oNpeio, TAVO OGTOVG AOPOLC.
‘Hon omd v  apyodtepn Neolbwkn mepiodo
dwmeTdveTal 0T 01 OIKIGHOL TOV gival YvooTol oty
mEPLOYN eumintovv oe o oktiva 250-500 .
exatépwbev TV cvyKekplpévav dladpoudv. Edwd
0 0KIopOG Tov AytdAeiov (Gimbutas ef al. 1989), oyt
povo Ppioketar péso ot Covn tov 500p amd ™
dwdpopn mpog tov Ttowpd 1, aAAG kol KOvid
(mepimov 900u.) and to onueio 6mov doywpilovton
ot dwdpopég pe katevbuvon mpog Xtavpd 1 Kot
Bpvuotd. Iapdpota dtov mpofindodv ot okiopol g
Méong veoMBikng meplddov o owklopudg otn 0éon
dapoaritng Ppiocketal endved otn SlOPOU TPOG
Tlivt evd o owicpog oto Napbdxio eppavileton
péoo ot {ovn tov 500p ¢ Swdpoung mpog
Ytovpd 1 kot mepimov 1400p dvtikd and to onpeio
mov ot droywpiletar amd v dwdpopn mpog TLivt.

[epvavtag ot devTEPN Opdda Stadpopdv (gik. 4) pe
apepio. TNV AVOTOAMKT| TAELPA TNG TESIAS0S TOV
AApvpov Ko €101KOTEPQ, mv ITvpaoo,
dwmiotdvoupe 0Tl 6T0 010 onueio kKovid o©TO
NopOdkio @aivetor vo SootovpdveTal Kot 1
Swdpopn mpoepyduevn amd v [MHpaco mpog v
Bpvuotid. Evtog g Lavng tov 250 p. ekatépwbev omd

v T dadpoun evromileTol 0 oKiopog g Méong
NeoMbikng otn 0éon Mmehitor (Bovla&dakng 2006,
2007). Me agetnpia v [Topaco vroroyictnray Kot
000 aKOpo eVOLOQEPOVOES JOOPOUEG TPOG TOVG
0K HoVG Xtawpds 1 kan 4, otnv mopeia TV onoiwv
kot podoto otn {ovn tov 250 pétpov ekatépmbéy
To0ug Ppiokovior mévte owiopol TG Apyodtepng
Neoabumng, €51 g Méomng NeoMBkng Kot entd g
Neotepng Neolbkng. Ba Hmopovsav, GUVETMS, TO
Nopfdkio kot 10 Ayxiddelo va  omoteloldv
otovpodpoule kot onueio  avagopdg  oto
OLYKEKPLUEVO dikTvo emkowvaviag; Ilpog avth v
KatevhuveT, ToV KopPikoy pOAOL KATOL®V OIKIGHMY
(ne edwkn ovagopd oto Ayxidielo) oe éva diktvo
EMKOWOVIOG Kol  avioAloydv — @oivetol  mmg
KOTOANYEL KOl OYETIKN HeAETN o€ oyéom He TNV
kepapukn] (ITeviedéxa 2008)

Yyedalovtag aviloysg oOadpopés otov  GEova
Boppd — Notov, pe apetnpia tov owicpud [épdwa 1,
wpoékuyav 000  evilPEPOVOES  SLOOPOMEG e
KateVBLVGT TPOG TV KEVIPIKT TEPLOYN TNG TESLAS0G
™Mg AdPoag KOl GUYKEKPUEVO TOVG OIKIGHOVG
Nikowo 19 ot Kvnopicow 2 avrtictorya. H mpo
kabdg diEpyetan Tovg AOPovg Ppioketar kovtd og 4
OIKIGHOVG NG Apyondtepng kot Méong Neoibkrg,
eved M mopeio g devTepNG ovpmintel pe ™ 0€om
evog owkiopov G Nedtepng Neolbkng. O ddo
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Ewéva 4 Zovovaotikn ameikovion Stadpopdv amd v mediddo AApvpod tpog v mediddo Papcsdimv Kot Ty

nedidda Beleotivov.

dwdpopéc eoaivovtar va dtayopilovior peta&d Touvg
Kot TUPGAANAQ VO S10GTAVPMVOVTOL LE TNV OL0POUT
IMpacog — Xtavpdg 1 mwov Mo ovagépape, oty
gupuTEPN meployn TV owiopumv ToayyAl (Wace &
Thompson 1912) kot Nepado. Me Baon ovt v
€IKOVA Kol Kat' avoloyio Tng mopoInpnong y to
Ayxidero kou T0 NopBdkio, o pmopodoe o oKiopog
oto ToaykAi va amotehel kOpPo Kot evdldpeco
ot0fud oe éva okOpO O EKTETOUEVO  OIKTLO

xkivnong;
Xoprepdopota

Me tov Tpomo avtd eAéyyOnkov ToAéEG miBavég
dwdpopéc apketéc amd TG omoieg  epeaviiav
TOPOUOLL YOPAKTNPICTIKA (OG TPOG TN GYECT TOVG LE
™ 0éon tev owiopdv. Ta xapaktnpoTikd avtd Ba
UIopovoay va uvoyicBovv mg eENG:

o) Evovovtag yeoypapikd pakpvods otKiopovg g
Apyardtepng NeolBikng meptodov Kot avaykalovtag
TO GVOTNUA Vo GYXESAGEL SLUOPOUES TOV SLOTPEYOVV
TG AOQMOELG TEPLOYEG UETAED TOV OLOPOPETIKOV
nedidmv, apketol veolOkol OKIGHOL GVTAG TNG
mepodov Ppiokoviar péca ot {ovn tov 500u.
eKOTEP®OEY TV S1AOPOUDY OVTOV.

B) Awmpdvtag TIC TOPOTAV® OldpPOUES Kot
TPoPAAlovTag 6T0 XAPTNH OTASINKE TOVG OIKIGHOVG
™¢ Méong kot g Nedtepng NeolBikng, TpokOmtel
0€ OPKETEG MEPMTAOCELS avTol va Ppiokovtal emiong
péoo om Covn tov 500 p. exatépobev TV
SdpopUmV.

v) Kdmoor owtopoi g Apyotdtepng NeolBkrg
epopaviovtot KOVTA o€ onpeia OOV
dwctavpmvovral 1 dtaympiCovrot dwadpopés (Ek. 4,
5). Ze mapopolo onpeior VTAPYOVY TEPWTTMOGCELS OOV
eLEavilovTol OIKIGHOT OE UETAYEVESTEPEG TEPLODOVG
€POGOV dgv LINPYOY NON.

Me Bdon to Topandve pumropody va dotvrmbody pia
oelpl oKEYEDMV TPOKEILEVOL TO LOVTELO VO, EAEYYDOEl
TEPLGCOTEPO KO EVOEYOUEVACS Vo a§lomombel og Eva
gpyaAeio moOv UTOpEl VO TAPAYEL VEEG OMTIKEG OTNV
épevva. Evdgyopévmg, o1 Béoeigc TV MPOTOV
OKICU®Y VO SLOUOPO®COY TNV  OpyIKN  Lope1
OIKTOHOV EMKOWVOVING Kol HOVOTOTI®V. XT0 Pofud
OGS OV aVTE SoTnPHONKAV Ko xpnoLpoTomOnkay
v yiuetieg mbavov emnpéoacav poli Kot pe GAAovg
Topdyovieg v emhoyn g 0éong idpuvong vémv
OIKIGUAOV SLOUOPPDVOVTOG ETGL TV YEVIKOTEPT
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Ew. 5 Znpueia Stootadpoong Stodpopdv.

EIKOVOL TNG Ol0IOTOPAG TOV OIKIGUMV OTIS EMOUEVEG
meplddove. Me Pdon 1o okentikd aVTO, Ol OIKIGHOT
avtoi kaf' ovtoi wBavdv vo ypnoipevay Kot g
£vO1G1EGOL 6TAOLOT Kot 0003€1KTEG EVOC EKTETAUEVOL
diktHhov emkowaviog. Katd cvvémein - mwoAd
Kovtivly amdotoon tov owioudv (Foding 1992,
Perles 2001), extog 6mo1V GAAMYV OIKOVOUIKMV KOt
KOWOVIKOV — atldv, {o®g  anotehodoe v
mpobmdbeon Kot TNV OTPOINYIKN ADOM YL TIG
LETOKIVIACELS HEC® KOUPIK®DV onueiov amd 10 éva
HEPOC 0TO GANO He ACQAAELD, Glyovupld Kot ympig
GOKOTEG TEPUMAAVICELS GTO YMPO, EOIKE OV OVTOC
vmpée SUCOUEVOG KOl UE TEPIOPICUEVT] MG €K
TOVTOV 0POTOTNTO TOPOLO TOV TESIVO TOL YOPUKTIPA
(Bottema 1994). Av 10 mopomdve 1oyVet,
dNpUoVPYOLVTAL Ui GELPE VEDV TPOPANLOTIGHAV Kot
OTTIK®Y, TOL UTOPOLV VO  EPUPUOCTOVV  GTO
apyooAoykd VAKO. Me KOTAAANAC SLOTLTTOUEVA
epOTANOTO  €lvar  duvVATOV Vo TPOKOWOLV  VEd
dedopéva ywoo  ta OiKTLOL  AVTOAAOYOV Kot
EMKOWOVIOG HETOED TOV OKICUAV O TOMIKO Kot
gvputepo eminedo (Kwtodkng 1996, Kapipoin 2000,
2001, Ievtedéka 2008). AAAG aKOUO TEPIOGOTEPO
0o umopovcav va egetacbolv vobécels oe oyxéon e
Tov Tpomo Omuovpyiag Kol €YKOTAGTOONG TOV
OKIGUAV HECH KOWOVIKOV Sd1kactdV (Stdomacm,
petakivnon, ovvepyooioc KAT), mOL  APOPOVV
GUYKEKPILEVOVG TAEOV  YEITOVIKOVG OIKIGUHOVG, Ol
omoiot BpicKovVTal TAVM GE KOG LLOVOTTATL KO

a&oveg emkowmviag. Xuvnfwg ot pébodor yuwo tov
EAeyy0 NG WUKVOTNTOC TOV OIKICHDV Kol TNG
evogyouevng  opadomoinong  TOug  GTO  YMPO
EMKEVIPOVOVTOL OTNV  OVAALOT  “TANGLEGTEPOL
veitova®’ (nearest neighbour analysis) (Orton 1980,
145-146) — ko1 610 oyYedlacpHd moAvydvav Thiesen
eni Tov yaptn (Orton 1980, 192). Ot opadonomoelg
TOV OIKIGU®OV PTopodV TAEOV va Yivouv Oyt LOVO OTN)
oyxéon g evbeiog omdGTACNG KO TNG OUEGOTNTOG
TG YETVioong Toug, 0AAd Kat e fdon T cuvomapén
mave og kowovs GEoveg emcowmviog (Ew. 6). To
emOpEVO Prina eival 0 cUVOVAGHOG TOV HOVTELOL pE
™ GUYKPION OPYOIOAOYIKMV OeOOUEVOV amd TOVG
opodomomuévovg  mAEOV  owkicpove.  IIpog v
katevbuven avtn o amodelyBody eniong ypNnoa ta
mOTEAEGUOTO, TOV VEDV TEYVIKAOV TnAemiokdnnong
Ko YEOQPLGIKDOV EPELVAV oV non
TPOYLOTOTOOVVTAL otV guputepn meployn  (PA.
vroon. 2).

Kieivovtag, 0o mpémer vo  onuewwbel o6tTL 1
TPocEyylon  OmmMG  dapopeodnke  mopamivo,
Tpoaveg eivor Poabotata emmpeacpévn ond TIg
TOMES Kou emimoveg mpoowmikés melomopieg ko
EMOKEYES OTOVG VEOMOIKOVG OIKIGUOVG KOTO 11|
S1dpreLa TG EPEVLVAG, TOV OLGLUGTIKA STUOVPYNCAV
™mv Wén Yoo e TETOW OTTIKY, TNV OWTIKN TOL
nelomOPOL 6 £vaL TOTO e PLGIKA EUTOSLOL OAAG KoL
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empeacpévn omd éva Bempntikd vrndfabpo, mov
Oeswpel 6Tt M kivinon ¢ dwdikacio kol TPAEEN
amoteAel 0VLOOTIKY OVvaun Jdapoponoinons Kot
TPOGAPLOYNS TOV avOpdTOL, T0G0 MG dTopo 660 Kot
o010 mlaiclo pog kowwvikhig opdadog (Cresswell
2004, 43, Ingold 1993, 154). Eivai, ®otdc0, adbvarto
SVOTLYADG e TIC OMUEPIVEG YVMGELG YOl T VEOMOIKY|
meplodo Kot Tovg avOpM®TOVG TG, OE QLTI TNV OTTIKN
Vo oupmepANQOel TEPO amd TN YEMYPOPIKY KOl
mepforhoviikry SlOTOCN KoL U0 TEPLGGOTEPO
KOW®VIKN KOl 1OE0A0YIKY, TOL TPOQOVAS Bo Kove
70 6A0 HOVTEAO Tl peaoTikd. Evdeyopévag opmg,
av Kotovondel KoOADTEPO TO TPOTEWVOUEVO HOVTELO
Kot yivouv avtinNmtég mépa amd TIG KOVOVIKOTNTEG
TOV Kol Ot OmMOlEG AGVUPATOTNTEG OV EVOEYOUEVS
vrapyovv, va otofel dSuVaTd VO AVOYVOPLGTOVV Kot

O Middle Neolithic Settlements

TEPLOYEG OMOQUYNG TN TPOCEAKLONG HE 1dlaitepn
KOW®VIKN 1 10€0A0YIKY oNuaciol.

Eivar 6edopévo 611 M Sepgdivnon tov dadpopdv
eMyoTov  KOOTOLG pe  onuelo  agetmpilag Kot
TPOOPIGHOV  TOVG  VEOMOIKOVG  OWKIGHOVS TG
ed1adag Tov AApLPoD Kot pe eninedo avapopis TV
YNOKY TPOCOUOI®MGT TOV QPUGIKOL  aVayADQOV,
Eexivnoe ¢ évag BeTiKIoTIKOG TEPAUOTIOUOG OTO
TA0{ClI0 TV  OLVATOTATOV €VOG  VTOAOYIGTIKOV
TPOYPALLATOS dwaxeiplong YE@YPAPIKAOV
TANPOPOPLOVY, PAVIKE OU®G OTL pumopel vo e&elyDel
o€ TOAMTIHO €PYOAEi0  OPYOIOAOYIKNG  TAEOV
TPOGEYYIONG 1N €0T®  TPOPANUOTIGHOD KoL
TEPOALOTICLOV.

Ewova 2 Opadomoinon owicpu®v pe BAcn Tig TpoTEWVOUEVEG 0O POUES.
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AN IMPROVED ALGORITHM FOR COST-SURFACE ALLOCATION ANALYSES:
THE CASE-STUDY OF THE BRADANO VALLEY (BASILICATA, ITALY)
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Hepiinyn/ Abstract

Ta [oAbywva Thiessen, enttpémovy 0 dnpovpyic EVOG 8AVIKOD HOVTEAOL TMV TEPLOYDV TOL EAEYYOVTAV OO
OIKIOHOVG oV opyodTa, oAAG Aettovpyel og €vav amAd Kol aQnPUEVO YE®YPOEWKO Y®po. Mo mo
e€elypiévn TpocEyyion YPNOILOTOEl GLGCOPEVTIKOVG cost-surface yapteg e okomd TN GVVOEST TOV EKAGTOTE
OIKIOHOV UE TOV TEPLBAAAOVTO PLOIKO TOV YMPO. AVTOV TOL TOTOV 1 AVAALOT AaUPAvEL LTOYT TN LOPPOAOYia
oV €64povg KoBMS Kot dAla ototyein, dnmMG To LKA gUmOdI, OAAG Eekva amd v mapadoyn Ott o ke
OKIoNOG €xel v 101 omovdadtnTa. Xe avtd 10 ApHpo mapovclaletar Eva VEO epYUAElD TANPOPOPIKNG Y T
dnpovpylo yopTOV KOTOVOUNG EMPAVELNS KOGTOVS: TO £PYOAEID OVTO €1GAYEL GTOV AAYOPIOO TOPAUETPOVS TTOV
e€aptdvior amd ta PACIKA YOPOKTNPIOTIKA TOL TANPOEOPIKOD EMMESOL TOV OPYUOAOYIKDY Bécemv,
npokeévoy va mapaybobv mo egelypéva kol akpiBéotepo poviéla. To epyodeio €xel dokipootel og
TMEWPAUOTIKO GTASI0 0TI WEAETN TOL OYeTIETOL UE TNV KOTOVOUN TOV OpYOiV OIKIGU®Y TG KOWGOAS TOV
motapo Bradano (Basilicata, ItaAia).

A Thiessen polygons model allows an ideal scheme of the territories controlled by archaeological settlements,
but it works on a plain and abstract geographic space. A more sophisticated approach uses cumulative cost-
surface maps to associate a portion of physical space to each settlement. This analysis can take into account the
morphology of the territory and elements such as natural obstacles, but it starts from the assumption that each
settlement has the same importance. In this paper, a new tool for creating cost-surface allocation maps is
presented: in order to obtain more sophisticated and accurate models, this tool introduces the algorithm
parameters that are dependent on attributes of the starting sites layer. The tool has been employed in the ancient
settlements of the Bradano Valley (Basilicata, Italy).

Keywords: Bradano River valley, Landscape archacology, Quantum GIS, Spatial analysis, accumulative cost-
surface analysis, cost surface allocation, quantitative archacology.

Introduction: Spatial analysis and Thiessen management of satellite data and aerial

polygons in the archacology of Southern Italy

In Ttaly, for more than twenty years, the infinite
potential of GIS platforms has been widely
acknowledged; today we recognize their increasing
use in excavation projects and archaeological
surveys. They are inserted, for example, (Forte
2002, D’ Andrea 2006, Caravale 2009) into research
projects to address the study of settlements patterns
on large territorial portions. The spatial analysis
capabilities, in particular, enable researchers to
formulate hypotheses about spatial patterns as well
as highlight the relationships between various sites
in different periods of occupation. The potential of
GIS tools for the study of settlement phenomena
has been cited within the first review of
archaeological projects conducted by the Italian
journal Archeologia e Calcolatori which, since the
late 90s, began to use GIS platforms (Moscati 1998,
Scianna & Villa 2011). This work included the first
archaeological projects that made systematic use of
GIS software packages for the integrated

photographs, as well as geographic, physiographic
and archaeological elements. The ultimate goal
was to perform queries and analysis of
archaeological sites and, finally, at the
interpretation level, to make spatial analyses. In
most cases, the standard processing and the basic
functions of GIS met the basic needs of researchers
for the management of the immense amount of
alphanumeric data and cartographic archives as
well as the phasing of chronological periods and the
study of artifacts and archacological settlements.
Despite the widespread use of these platforms,
however, few projects go beyond the first levels of
management and processing of data to deal with
structuring capabilities that address issues of spatial
analysis.

In Italy one of the main techniques for the study of
regional settlement systems (also the most common
in GIS platforms) is the application of the
theoretical model of Thiessen polygons (Rendeli
1993, 99-106). During territorial research of the
classical age in southern Italy, this method was
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used to simulate the area of influence and political
control of each site; examples include the project in
the territory of Brindisi in Puglia and the
Morgantina Survey in Sicily (Cambi 2001, 376—
378, Thompson 2000, 407-408). The project
Colline Metallifere (Middle Age research), carried
out in the valley of the river Bruna in Tuscany, the
use of polygons allowed researchers to hypothesize
the territories belonging to medieval castles and the
close relationship between fortified sites and
productive mining areas (Bianchi et al 1999, 163-
166). These projects deal with relatively simple
spatial analysis through the use of polygons. And it
is useful to have an ideal scheme of the territories
controlled by each settlement that is theoretically
abstract. But we have also seen attempts to assume
the extension of the areas belonging to the
individual sites, which, overcoming the linear
model and the two-dimensional Thiessen polygons,
take into account the morphology of the landscape
(including physical barriers). Examples include the
use of GIS processing to study the settlement
dynamics and the relationships between the various
sites, as in the case of the territories of the ancient
Daunia and Messapia (current name provinces of
Foggia and Salento) (Pecere 2006, 206-207,
Burgers 2009, 283) and, in Basilicata, at Metaponto
Survey (Carter & Prieto 2011, 123-124).

1. Settlement dynamics of indigenous territories
in lower Bradano and the Montescaglioso case
study.

Here, we present a case study from the eastern
Basilicata of southern Italy (Fig. 1), where we are
applying a series of computer tools, based on GIS
processing, to study the characteristics and the
structure of the territorial settlement systems. This
landscape archaeology project studies the territory
transformations of the lower valley of the Bradano
River, a corridor that has assumed strategic
importance from the Archaic age; it is located in an
intermediate areca between the Peucetian territory,
the Oenotrian (later Lucanian) hinterland and,
where the river meets the sea on the Ionian coast,
the Achaean polis of Metaponto which dates from
the Greek colonial age. Working in the rural
territory of Metaponto, the University of Texas
research team has demonstrated that the structure of
the ancient chora of the Greek colony extended
from the coast to the Hinterland, which included
many farmsteads and the so-called ‘dividing lines’
of the chora (Carter & Prieto 2011).
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Figure 1 Map of the main ancient settlements of
eastern Basilicata with the location of the Bradano
River valley area.

However, one of the issues that remain is the
organization of indigenous space settlements
beyond the agrarian living space of Metaponto. In
fact, besides the chora of the Greek polis and
beyond the outer eschatia, along the lower valley of
the Bradano, a number of important indigenous
sites of archaeological interest are present; these
include Monte Irsi, Grottole, Miglionico, Timmari
and Montescaglioso (mostly dating from the Iron
Age / 8th century BC — to the late Hellenistic
period). All of these are hegemonic settlements
located on elevated ground and form isolated
upland systems that dominate the river valley; their
position on the hilltops was functional, not least to
exercise control over the surrounding territory.
Under the coordination of the Postgraduate School
of Archaeological Heritage of Matera (SSBA-
UNIBANS), systematic intensive surveys to study the
settlement dynamics of these indigenous territories
are in place in the district of the Bradano valley
and, more particularly, in the territory of Grottole -
Altojanni (Osanna et al. 2007), of Timmari (Osanna
et al. 2012), as well as in the territory of
Montescaglioso (Roubis & Camia 2011, Roubis
2012).

The territory of Montescaglioso provides an
excellent case study, because during the Archaic
and the late Hellenistic period (7%-1% century
BCE), it played a key role in the area between the
indigenous world and the coastal plain inhabited by
the Greeks of Metaponto. With our archaeological
survey in Montescaglioso area, we have
documented a series of new archaeological sites,
related primarily to the agricultural use of the land.
In this area, besides farms, archaeological research
has identified two important villages: Difesa San
Biagio and Pagliarone. The use of GIS platforms
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and the application of spatial analysis in the
Montescaglioso case study, especially the cost
surface allocation analysis, provide a useful
simulation for Montescaglioso and the two villages
named above. While they cannot provide definitive
solutions, they may lead to new hypotheses.

[DR.]

2. An improved algorithm for cost-based
allocations

The problem of determining the boundaries of the
territories owned or controlled by specific
archaeological sites is well known, and we can
divide all the solutions adopted by archaeologists
into two main groups. Algorithms and formulas that
were not directly developed by archaeologists, but
are included in many GIS software packages and
are relatively simple to adapt to archaeological
contexts compose the first group. In the second
group we can count all those functions and
procedures that were specifically developed by
archaeologists, in order to consider variables that
are more related to archaeological phenomena.
Thiessen polygons and cost surface allocation are
the best examples of the first group of algorithms.
Thiessen polygons, also known as Voronoi
diagrams, are the easiest and the most common way
of performing an allocation analysis (Angell &
Moore 1984). The polygons are constructed simply
by connecting the perpendiculars to the midpoints
of the segments that unite each site to the nearest
ones. A Thiessen polygon can be considered as the
geometric place of the points that are closer to one
of the starting sites than to any other (Fig. 2).

Thiessen polygons were first used in archaeology in
the 1970’s (Hodder & Orton 1976, 59-60, 188).
Today, a module for creating Thiessen polygons is
embedded in almost every GIS application. The
limitations of the Voronoi diagrams were clear
from the first trials in concrete applications: the
space that is considered is a flat, ideal space, where
there are no obstacles or facilitations to movement,
like rivers, roads or changes in terrain’s slope.
Another limitation of this analysis is that all the
starting sites are evaluated as they belong to the
same class of importance, so the space between a
big city and a small town will be halved in two
equal parts.

BASILICATA

20 km

Figure 2 Bradano Valley (Basilicata, Italy).
Example of Thiessen polygons creation on QGIS
1.8.

The cost allocation analysis is certainly more
interesting, and it is based on the accumulated cost
analysis. The accumulated cost of movement from
one starting pixel to any other pixel of a raster map
is expressed by a numerical value that is directly
proportional to the overall difficulty to execute this
movement, using the shortest path and considering,
for each pixel that must be crossed, a value, usually
called friction, expressing the level of resistance
offered by that specific portion of territory when
crossed (Gietl et al. 2008, White & Surface-Evans
2012). Usually, accumulated cost surfaces are just a
step of more complex procedures, like the detection
of the possible paths of ancient roads or the
delimitation of areas that are reachable within a
known amount of time. Our research group
documented this in a site catchment analysis of the
medieval site of Jure Vetere, near San Giovanni in
Fiore, located in the central part of the Calabria
region (Roubis ef al. 2011). If we assign each pixel
of an output raster map to the starting site from
which movement has a lower accumulated cost, we
can obtain a cost allocation analysis, which can be
easily performed by some GIS applications, like
ArcMap, Saga GIS or GRASS 7.

The result of a cost allocation analysis is essentially
more realistic than Thiessen polygons, because the
original friction raster map can be created
combining many factors like the terrain’s slope and
elevation, the position of rivers and roads or the
presence of woods, dragged fields and other
elements. I want to conclude this short presentation
of methods for estimating the boundaries of ancient
territories considering a procedure devised by two
archaeologists, the Xtent model.
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Figure 3 UNIBAS Cost Surface Analysis Plugin. Input mask.

The Xtent model was proposed in 1979 by Renfrew
and Level (Renfrew & Level 1979) and an open
source implementation is available for GRASS GIS
(http://svn.osgeo.org/grass/grass-addons/grass6/
raster/r.xtent/description.html). In the Xtent model,
the influence of a site on a specific point of territory
is evaluated as:

[=C*—k*d

Where:

1 is the resulting influence level,

C* is the site’s importance or political “weight”,

d is the distance from the considered starting site,
and k is a coefficient that can be varied in order to
calibrate the ratio between the site’s importance and
distance. An attempt to merge the cost-based
approach to the Xtent algorithm has been made by
Benjamin Ducke and Peter Kroefges in 2007 (Duke
& Kroefges 2008). This new implementation of the
Xtent model is very appreciable because it allows
the consideration of the different political or
demographical weight of each archaeological site in
a geographic space that is not an Euclidean
abstraction. Basically, the cost-based allocation
procedure and the Xtent function can be unified
simply replacing, in the original Xtent formula, the
Euclidean distance d with the corresponding
accumulated cost value. However, in our opinion,
using the Xtent formula in real cases is still
counterintuitive, because that k value is a sort of
magic number of uncertain origin and scale, and it
can deeply change the results of the calculations.

We found it more convenient to develop a new
formula, as simple as possible, to include the site’s
important values inside a classical cost allocation
analysis, without relying on superfluous
coefficients. In our first trial, we tried to redefine
the entire analysis in a single procedure, altering the
formulas for generating the accumulated cost
values, and then allocating each pixel to the starting
site with the lower accumulative cost value. The
code, entirely written in Python, was included in a
Quantum GIS plugin, named UNIBAS Cost
Surface Analysis Tool, for which we provided a
complete graphic interface designed using the Qt
libraries (Fig. 3).

We modified the formulas for calculating the
accumulated cost as:

C2=CIl + (FR1 + FR2)/2 > C2=CI1 + (FR1 +
FR2/SI)/2

C2 =Cl1 +sqrt(2)*(FR1 + FR2) /2 > C2=CIl +
sqrt(2)*(FR1 + FR2 / SI) / 2 (when moving on
diagonals).

The cost of the current cell, previously computed as
the cost of the previous cell plus the arithmetic
mean of the friction values of the two cells, is now
reduced, dividing the friction of the second cell by
the importance of the starting site. While this
function worked well on abstract models, some
defects appeared when tested on real cases. Indeed,
in a model created with such a formula, the shape
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of boundaries calculated on long distances tends to
be circular, meaning that as long as the number of
iterations increases, the weight of the friction
values are progressively reduced, until they become
completely uninfluential. Our tool presented
another important limitation: the raster of friction
taken as input from the plugin must be the same for
all the archaeological sites.

In order to correct these anomalies, we developed a
new python library, that is callable from the QGIS
python console, and which exposes two methods.

The first method takes as input data a vector layer
containing the position of all the archaeological
sites and, in the corresponding attribute table, two
fields indicating respectively the importance of
each site and a numeric unique ID. Other required
inputs are a Digital Elevation Model and a raster of
frictions. The procedure simply calls the GRASS
“r.walk” function for each starting site. Unlike the
“r.cost” function, r.walk can also consider a
different speed of movement for going uphill or
downhill (http://grass.osgeo.org/grass64/manuals/
r.walk.html). When the accumulated cost rasters are
created, a second method is responsible of making a
comparison between all those files, allocating each
pixel to the site from which the cost of movement is
lower. Before comparing the accumulative costs of
each pixel, values are divided by the corresponding
importance values of the starting sites. So, the point
P belongs to the Site A and not to the Site B if:

Acc. Cost From Site A / Importance of Site A <
Acc. Cost From Site B / Importance of Site B.
Commenting on this formula, we can say that the
movement from an archaeological site becomes
easier as the importance of the site becomes
stronger. This approach has two main advantages:
for each pixel the coefficients indicating the weight
or importance of the starting points are evaluated
only once, avoiding the creation of circular
boundaries; additionally, the operator can choose to
ignore the first method and to manually create the
accumulated costs maps for each site, using
different rasters of frictions. This facility is useful
especially when historical or archaeological sources
determine the ownership of roads or other kinds of
communication routes by a known political center.

We are also trying to resolve the problem of
avoiding “islands” of unreachable areas belonging
to one site but surrounded by territories of other
sites, which appear in the model when the
difference of weight between two sites are too high.
A solution could be to limit the assignment of a

pixel to a specific site only if at least one of the
surrounding pixels are already assigned to that site.

Actually, we are converting the two Python
methods exposed here in scripts accessible via the
Processing window of Quantum GIS 2.0, with the
intent of sharing the source code. However, the
workflow required in order to execute the analysis
is yet very short and simple.

The first steps consists of creating the layers
required as input by the analysis. These layers are:
a) A raster of frictions. As we said before, friction
values represent the difficulty to move through the
territory; so, also if this difficulty is calculated only
according to the terrain's morphology, the friction
layer should not coincide with a Digital Terrain
Model (DTM), but a good starting point to generate
a friction layer could be the output file of a Slope
Analysis. Obviously, the more accurate is the
friction model, the more accurate will be the
accumulated costs created over that model. b) An
Esri shapefile containing points, lines or polygons
representing the starting sites. The attribute table of
the shapefile must contain a numeric field
representing the importance or rank of the site. The
choice of the method used in order to get these
values is left to the operator. An objective way of
obtaining these values is to consider the extension,
in terms of squared meters, of each site, and to
represent it in a scale of values comprised between
0 and 1 or 0 and 10. Once these layers have been
created, and the Python module (a file named
unibascost.py) has been copied inside the project's
folder, the first step of the analysis can be launched
with the following lines of code:

from unibascost import * calc_accumulated costs
(friction_layer, shapefile). The first lines imports
the of all the methods contained in the
unibascost.py file. The second line calls the
calc_accumulated costs method, which requires as
parameters two strings, containing respectively the
name of the layer of frictions and the name of the
shapefile layer of starting sites. Calling this method
will cause the creation of the raster of the
accumulated cost of movement for each site. All
those raster will be placed in a project's subfolder
named “accumulated costs”.

The second and final step of the analysis
correspond to the execution of the cost allocation
analysis. The instruction needed to launch the
analysis is the following one:
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Figure 4 Custom algorithm for the cost-based allocation analysis in QGIS. Simulation created assigning a high

coefficient of friction to rivers.

calc_allocation (shapefile, rank field) where we
pass to the calc_allocation method two strings as
parameters: the name of the shapefile layer and the
name of the field containing the values representing
the importance of each site. We found convenient
to split the analysis into these two steps because,
when it is necessary to produce many outputs for
testing different values of importance for the same
archaeological sites, we can avoid the recreation of
the rasters of accumulated costs at each trial.

Internally, the wunibascost module uses some
external libraries of function which are deployed
with QGIS, and so are certainly accessible from our
code when it is executed from the QGIS Python
Console. In more detail, the GDAL library
(http://www.gdal.org) is called to nimbly read and
write data on raster files, while the adoption of the
numpy library dramatically reduces the amount of
time required by the calculations. However, we
need to point out that the analysis still requires a
considerable amount of time if compared to the
algorithms already provided by Quantum GIS
(about an hour was necessary to get the output
models presented in this paper), and the reason is
that Python is an interpreted programming language
and the accumulative cost calculation analysis
requires many instructions and many iterations
(usually hundreds or thousands).

The allocation model calculated for our case study,
the Bradano River valley, is based on a Digital

Elevation Model of the Basilicata Region with a
resolution of 20 meters downloaded from the
website of the Geoportale Nazionale (our national
cartographic portal — http://www.pcn.minambiente
it/GN/), while the friction layer used for this
simulation contains slope data mixed with a
constant value given to all rivers. The numerical
parameters used to describe the importance of the
various sites were derived from their physical
extension: 0.5 for archaeological sites of area
varying from adopted to describe the difference in
terms of importance among the various sites were
calculated according to their size: 0.5 for
archaeological sites with a physical extension
varying from 1 to 10 ha (= hamlets or agricultural
villages); 1 for those varying from 10 to 80 ha (=
medium and large size dominant indigenous sites);
2 from 80 ha and over (= Greek polis). Two
simulations were provided: in the first one, a very
high level of friction was given to the rivers, so the
site’s boundaries avoid overstepping these natural
barriers (Fig. 4). In our second simulation, rivers
have a lower friction values, so the site’s
boundaries are less influenced, except for the case
of Metaponto, for which a higher friction constant
was adopted for rivers, in order to make the model
closer to what is known from historical and

archaeological data (Fig. 5).
[D.G]
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Figure 5 Custom algorithm for the cost-based allocation analysis in QGIS. Simulation created assigning a low

coefficient of friction to rivers.

Conclusions

In conclusion we can say that the models described
above, especially the second simulation (Fig. 5),
provide an interesting tool for studying how the
indigenous peoples of Montescaglioso district
structured their hilly rural landscape in the Classical
and Hellenistic periods. The data acquired
according to the cost-surface allocation, suggest
that the settlement system implied a hierarchy
composed by the dominant site of Montescaglioso
and its boundaries, located on the highest hilly
point, and by the two medium size subordinate
agricultural villages (Difesa S. Biagio and
Pagliarone). These ones are structured according to
the typology system of the Greek Komai, which
were settled in the border of the colonial chorai. In
fact, these ancient villages were located on the
boundaries of two nodal points of the rural
indigenous territory of Montescaglioso, near transit
routes in the lower valley of the Bradano River
corridor and its tributaries, to control the intensive
agriculture exploitation.
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Hepilnyn/ Abstract

Ta Zvompata Feoypoagpikdv TAnpogopidv (EITI) éxovv €va dwaitepo pOAO GTNV APYOLOAOYIKT EPUNVELD.
Méoca amd pilo peyddn mowiAMo TEXVIKAOV YEMGTATIOTIKNG Ol apyXotoAdyol £0TIALOVV GE EQPOAPULOYES YOPIKMV
povtédmv mpoPreyns. Eva amd avtd, n pébodog Kriging, eaivetar 6Tt €xel Kanmg vmotiunbel ko O6tL €xgt
TEPLOPIGHEVT ¥PNOT. Ze auTd To GpBpo B TAPOVGLACH €V GLVTOUIO OVTH TN CTATICTIKY| TEXVIKN Kot 8o SOG®
£€UQaon otV TOAOTAOKN QLAOCO0I0 Tio® amd Kafe amOPAcN EPAPLOYNG TNG YO TNV AVAAVGY| UPYALOAOYIKAOV
dedopévov. e Tovg apyooAdyovg givar TOAD ONUAVTIKO TO YEYOVOS OTL dev XPeldleETOL VO XPTGLLOTOMCOVY
TOAOTAOKES TAPAUETPOVG TPOPAEYNG Yot €WOIKEG KOTOVOUEG O CLYKEKPLLEVEG Teployéc. Ot avBpmmivol
maphyovieg Ppiockovial miow omd TNV KATOVOUT OPYULOAOYIKAOV XOPIKOV dESOUEVOV TOV KOTA Kavova eivol
kavovikég (Gaussian). Avtd onpaivel 6Tt ot mopdueTpot wpoPreyng pmopei vo Pacilovioar ce ypoppKo
GUVOVAGHO TV KOVTIVAOV TIUAV dE30UEVAOY. Ba TEKUNPIOC® TOVG AOYOLS Y10 TOVG 0TTOI0VG Ol LETOCYNUOTIONOT
emeovelmv pe m pébodo Kriging éxovv epappootei pe avtd tov tpoémo. Emmiéov, n mopovsiaon pov Oa
TEPLYPAWEL KAmolo TpoPAROTO OV gROVIovTaL 0O TN GLGYETIOT KOl OVTOGVGYETICT TOV OPYULIOAOYIKMV
YOPIKAOV deSOUEVOV Kat B0l TaPOLCLACEL EVOEIKTIKA TapadelyLaToL.

Geographical Information Systems (GIS) have a special role to play in archaeological interpretation. Among the
wide variety of geostatistical techniques archacologists focus on application of spatial predicting models. One of
them — Kriging - seems to remain somewhat underestimated and with limited use. In the present paper I shall
present briefly this statistical technique and will stress on the complicated philosophy that stays behind any
decision for its application in analysis of archaeological spatial data. Of greater importance for archaeologists is
that they do not need to use complex predictors for particular distributions in specific areas. Human factors stay
behind distribution of archaeological spatial data which as a rule are Gaussian in nature. This means that the
predictors can be based on linear combination of the nearby data values. I substantiate the reasons that stay
behind this way of application of Kriging transformation of surfaces. Further my presentation will describe some
problems raised by correlative and auto-correlative features in archaeological spatial data and provide illustrative
example.

Keywords: social causes, social effects, simple kriging, Moran’s index, GIS

environment may be pointed out as responsible for
generating the ‘biased expectation’ that the spatial
distribution of archaeological evidence has to be
highly structured and autocorrelated. As a corollary
the assumption that comes intuitively to mind is that
archaeological spatial structures should be similar to
the modern urban ones and can be measured and

Introduction

In most cases archaeologists lack certainty in their
efforts to characterize the spatial structure of
archaeological evidence outlined by application of
rigorous field surveys. In order to find better solution

to this problem it is important to know where this ]
uncertainty comes from. The answer to this question compared with each other through formal procedures

may vary, but it is most likely that the ‘uncertainty that minimize the ‘uncertainty’ defined by
bias’ has been generated by the everyday experience parameters such as mean value and standard

of humans who live in an urban environment.
Traditionally, urban centres are being considered as
highly correlated structures of living areas,
transportation, retail centres, hospitals, etc. Thus
from a general point of view the everyday human
experience coming from the life in an urbanized

deviation. This understanding has positive outcomes
and generates two formal approaches to finding
better ways of limiting uncertainty in the efforts for
accurate characterization of archaeological spatial
structures. The recent one is based on introduction of
fuzzy logic into GIS for admission of the nearest
neighbor (Lieskovsky et al. 2013). The second one is
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that this expectation requires formulation of a general
conceptual framework that makes geostatistical
analyses suitable for studying archaeological spatial
structures and this may be the reason why the
application of geostatistical methods started early on
in archaeological investigations. Hodder and Orton
(1976) studied the degree of spatial autocorrelation
of geographical distribution of the ratio
length/breadth of Bronze Age spearheads. Kriging
was applied in tasks for defining successful
prediction of occurrence of archaeological sites out
of an initially studied small geographic area (Zubrow
& Harbaugh 1978), and in predicting the highest
density of lithics in a Mesolithic site, thus
contributing to a wuseful way of functional
interpretation of the human occupation (Host 2011).
These examples outline the range of application of
geostatistical techniques that correspond to the
interest in characterizing the spatial variation of
archaeological sites, artefacts or artefacts’ attributes.

This conceptual framework combined with the
question how to better characterize the nature of the
spatial structure of archaeological record can be
further expanded by borrowing some insights from
recent developments in social science. Of particular
interest to this study is the notion of regionalization
of the spatial structure of everyday human activities.
According to it, regionalization divides human
activity into autonomous and dependable human acts.
The first cause the occurrence of the second type of
human activities. Both types of human activities
form spatially differentiated patterns (Giddens 1984,
110-126). Thus the demand for greater precision in
predicting the occurrence of spatial archaeological
structures combined with the novel understanding of
‘social space’ poses the major question explored in
this study:

e Is it possible to characterize archaeological
spatial  structures in terms of spatial
heterogeneity and spatial homogeneity so that to
be able to identify and spatially characterize the
social complexes that are responsible for
generating highly structured archaeological
spatial patterns?

In order to answer better this question, the possibility
of GIS to organize large spatial data and analyze
them with wide range of geostatistical techniques
comes at rescue. In this respect Kriging techniques
seem to constitute a focal point in the process of
better characterization of the spatial variability of
archaeological data. Their advantages for conceptual
framing of occurrences of archaeological events
within particular contexts are presented in the table
below.

Kriging characteristics Suitability for

archaeological study

Local variation often
obscures the larger
regional one that may
better reveal complex
social mechanisms that
governed the overall
spatial distribution of
studied data.

Helps to compensate for
the effects of data
clustering.

Provides estimate of
estimation error
(Kriging variance).

Provides greater
coherency in the data plot
despite reduction of
spatial variation.

Availability of
estimation error
provides basis for
stochastic simulation.

It provides a measure of
how stable is the
correspondence between
the actual and the
simulated surfaces.

1. Methods used in the present study

In natural sciences Kriging techniques can be applied
in analyzing a wide variety of spatial phenomena
caused by one or several factors. For example, in
combination with  ArcGIS capabilities for
management of spatial data they are suitable for
precise enough calculation of predicted surfaces that
define the spatial distribution of air-polluted zones
with differentiated risk for the populations living in
the area (the example illustrating the technique in the
ArcGIS Toolbox).

In archaeology and social sciences Kriging
techniques alone have limited application. In these
disciplines the main task is to define which spatial
structures are able to generate clustered and
autocorrelated social events. For these and other
reasons presented in the next section the combination
of three geostatistical techniques, simple Kriging,
unconditioned Gaussian Simulation and Moran’s
Index of autocorrelation, is found suitable for the
present analyses of the four datasets. The general
purpose for combing the first two is to measure the
degree of clustering relative to the overall spatial
variation. The third one measures the degree of
autocorrelation of the analyzed data.

While the above methods remain applicable to dense
data with more than 30 spatial occurrences the
archaeological record is not uniform and also
consists of highly dispersed rare occurrences of high-
status monuments and artefacts. This poses the
question whether it is possible to develop a particular
method that is capable of characterizing their spatial
structure. The answer to this question may be
formulated in the following way: by having prior
knowledge about the probability model of
occurrences of a given type of high-status artefacts in
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one geographical region is it possible to predict their
chance of occurrence (deviations from the mean
value) in a neighbouring geographic region? This
method is illustrated by the fifth case study presented
below.

Thus the combined application of these four methods
covers the whole variety of archaeological spatial
data. The first two case studies concern modern
spatial data while the last three deal with
archaeological ones. The reason for this inclusion of
non-archaeological data is to better illustrate the
problems associated with identification and
classification of different archaeological spatial data
and answer the question whether they belong to one
of the two defined above  categories:
‘autonomous/causal’ and  ‘dependent’  social
variables. Additionally, for increasing clarity and
coherency of this presentation, I provide a short
description of the advantages of the statistical
techniques applied for characterization of the spatial
structure in each case study.

1.a Assumptions for straight-line-model

Some technical assumptions have to be taken into
consideration so that to be able to apply these
methods correctly.

The general assumption (‘assumption of existence’)
is that the geographic distribution of artefacts,
monuments, sites, or any combination of these three
categories correspond tightly to the underlying social
mechanisms that act in the past and in the present
and that cause their spatial emergence, distribution
and preservation. For example, an experienced
researcher while studying a small geographic area for
the spatial distribution of megalithic structures/sites
or other monuments can fairly accurately predict the
existence of a new monument in the immediate
vicinity of the studied area by judging from the
spatial configuration of the already registered
monuments. In a hypothetical experiment if ten
archaeologists repeat this study in the same area but
each of them approaching the zone of prediction
from a slightly different direction (starts from
different initial configuration of monuments) their
results would be similar to the first one with small
deviation from the mean value of successful
predictions. From this example an assumption of
existence can be made. It states that it is possible to
make fairly accurate prediction of the location of
new monuments provided there already exists an
identified spatial pattern of sites/monuments in a
given geographic region. The good results of this
prediction can only be realized in combination with
the overall knowledge of ‘experienced’ researchers
(experience based on intuitive or formal knowledge
about the existence of typical cases. More
specifically this initial knowledge involves intuitive

or abstract assumptions about the mean value and
standard deviation of the monuments’ spatial
distribution).

The assumption for ‘independence’ of the occurrence
of archaeological events is difficult to be made. Most
of the archaeological regional structures of sites/
mouments/ artefacts are highly clustered and
autocorrelated. In this situation Kriging techniques
offer an advantage because they eliminate the
existing trends in the initial data, ‘screen off’ the
maximal and minimal values and eliminate the effect
of small (in-group) clusters of monuments by
reducing it to the effect of a single monument. Some
archaeological spatial distributions may be
considered as “independent” because their spatial
structure does not depend on time and on other social
contexts. For example, such spatial structure may be
the distribution of temples in religious urban centers.
Patterns like these, in typical cases, have Gaussian
distribution of the mean distances between separate
monuments and do not show spatial autocorrelation.
However, such patterns may be considered as
involving spatially independent events only within
the concrete geographic context. In this sense the
notion of independence characterizes the spatial
structure of occurrence of past social events in a
concrete geographic context while at other levels
(e.g. ideological, religious, etc.) these events may
form highly correlated patterns/relations that are
temporary in nature.

Another important assumption is that the mean value
of the studied variables has to follow a normal
distribution while having equal standard deviations.
Hence the estimated error of all predictive statements
will also be normally distributed. The assumption is
that at least for some of these variables this will hold
true, while for the others the variation of the mean
value will be used only as a measure for the degree
of spatial heterogeneity.

2. Initial case studies, particularities of the in-put
data and their analyses through simple Kriging
and unconditional Gaussian simulation

The spatial examples that will be analyzed include:

(1) the distribution of populated places: all modern
towns and villages in Bulgaria — data taken from
ESRI-Bulgaria’s 3D digital data for Bulgaria, Scale:
1:200 000 (the data are owned by NIAM-BAS);

(i1) the distribution of churches in Sofia, Bulgaria.
This includes a representative sample of 50 Orthodox
churches out of 113. The data are taken from the
‘National Register’ website (http://www.hramove.bg
— in Bulgarian) of religious buildings in Sofia. To
each church in Sofia the mean distance to its
neighboring churches is assigned. The minimal
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distance is 1 km as each church has influence on
religious public that overlaps with the neighbouring
ones. The only exclusion is made for the main
cathedral ‘Al. Nevski’ which is assigned the maximal
value of 10 kms as it encompasses the entire
perimeter of Sofia and has national religious and
political importance. The towns and villages in
Bulgaria are represented by their perimeters;

(ii1) the distribution of rock-cut tombs in the Eastern
Rhoropes Mountains, Bulgaria (Tsonev 2013);

(iv) the distribution of dolmens in the Sakar
mountainous region, Bulgaria. As a measured
variable the dolmens and rock-cut tombs have the
mean distances to the nearest modern settlements
(ibidem). This value is multiplied by 2 because of the
supposition that the population during Bronze and
Iron Ages was at least 2 times smaller than the
present-day one.

The geostatistical techniques involved in this study
include simple Kriging and Gaussian Simulation
(ArcGIS Toolbox). The combination of these
techniques corresponds to the above made
assumptions. In its essence Kriging encompasses a
class of statistical techniques for optimal spatial
prediction. The optimal prediction is achieved by
probabilistic predictors with standard errors that
quantify the uncertainty associated with the predicted
values (Krivoruchko 2012). This uncertainty or
prediction error is minimized by the spatial
dependence of the experimental data. Generally, this
modelling answers questions such as those defining
prediction of quantities of spatially distributed
substances in unmeasured points situated in the
neighbourhood of the already measured ones. For
example, if the amount of nitrogen is measured in
different locations what is its concentration in an
unmeasured location situated in the neighborhood of
a set of measured locations? For the estimation of the
predicted surface Kriging uses a semivariogram — a
function that quantifies the spatial dependence of
data. It defines the weights that determine the
contribution of each observed point to the prediction
of new values at unsampled (not measured)
locations. Hence Kriging is a smoothing interpolator.

The convenience of this technique for archaeological
enquiries is the following assumption. Simple
Kriging technique assumes stationarity (spatial
homogeneity) of data. If so the data mean and
semivariogram are the same at all locations of the
data extent. In this case the best predictor is the one
that uses a linear combination of the nearby data
values. It is useful for studies of general patterns of
spatially distributed values. In order to account for
the spatial structure based on the entire variance the
obtained Kriging surfaces were submitted to
unconditional Gaussian simulation. This is so

because the modelled spatial variation fluctuates
around the expected variation as defined by the
process of smoothing in Kriging. This surface is
seeded by random numbers close to the measured
locations and simulations are made on the base of the
amount of the initial spatial variation. In these cases
the number of simulations is limited to 10 because
the aim is not to measure the uncertainty in
measurements which requires larger number of
simulations. Thus the goal of the present study is to
visualize how well the simulated surfaces represent
the structuring of the available spatial data in terms
of their initial configuration and the specified
distances assigned to the “measured” locations.

With this goal the four sets of spatial input data have
been submitted to this procedure. The important
value that is observed in the output of these analyses
is how much the mean value of the spatial variation
changes. The results from the combination of the
simple Kriging with unconditional Gaussian
simulation are given below.

Figure 1 represents the assessment of the spatial
variation of the populated places in Bulgaria. The
mean value of the overall spatial variation changes
approximately 10 times. Other trials have been made
involving the estimated standard deviation or trials
involving the values from the minimal to the
maximal spatial variation: outcomes with numbers
from 0 to 9 in program’s report, but the variation
changes approximately within the same limits. The
conclusion is that the spatial distribution of modern
towns and villages in Bulgaria forms highly clustered
pattern.
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Figure 1 The assessment of the spatial variation of
the populated places in Bulgaria.

Figure 2 represents the distribution of the mean value
of the spatial variation of the churches in Sofia. It
changes approximately 2 times. Similar trials (as in
the previous case) have been made but their variation
remains almost the same. This value shows
formation of three uniform groups (clusters). This is
due to the greater value ascribed to the main
Cathedral ‘Al. Nevski.
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Figure 2 The distribution of the mean value of the
spatial variation of the churches in Sofia.

Figure 3 shows the distribution of the mean value of
the spatial variation of the rock-cut tombs in the
Eastern Rhodopes Mountains. It changes between 3
and 4 times. This is moderate rate of clustering. Like
the churches the rock-cut tombs tend to have local
influence on populations that built and used them.
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Figure 3 The distribution of the mean value of the
spatial variation of the rock-cut tombs in the Eastern
Rhodopes Mountains.

Figure 4 represents the distribution of the mean
value of the dolmens. Their spatial variation is very
low and varies between the range of 0,3-0,4 km.
This means that these monuments have equal spatial
importance for the local communities and may have
acted as a single monument for wider communities
living in a distance of 30-50 kms away from it.
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Figure 4 Thedlstrlbutlc;n of the mean value of the
dolmens.

The four examples show that their spatial structure
varies from highly structured to random one.
However, the general expectation still remains that
each of the four examples should have highly
autocorrelative spatial pattern. For this reason the
four examples are submitted to the autocorrelation
test (Moran’s Index).

3. Spatial autocorrelation of the data from the
four examples

Social theory defines the notion of co-habitation in
the following way: ‘communities of high presence-
availability in all cultures are the groupings of
individuals in close physical proximity to one
another’ (Giddens 1984, 123). Translated in
archaeological terms this general definition forms the
major task that aims to improve the characterization
of the spatial variation of the geographical
distribution of an artefact type (or artefact’s
attributes), or a group of monuments. The present-
day experience from living intensive urban life also
contributes to this kind of expectation that
archaeological and modern spatial variation of
humanly induced events will be highly
autocorrelated. For example, the usual behavior of an
individual in his/her daily walks will be to buy
promoted (low price-good quality) goods from a
number of closely situated shops (markets). Each
individual will follow a number of independent paths
(the chance of successful purchase of a promoted
good from one shop instead of the opposite one).
This will form a constant trend that involves most of
the inhabitants of a given neighborhood that forms
self-understandable structured patterns of the most
successful — ‘best profit’ walks of autocorrelated
spatial configuration that ranges between the limits
of the most and the least frequently visited shops. All
these examples give rise to the question: do all
archaeological and modern spatial structures follow
this pattern?

In order to answer this question the four input data
sets have been submitted to the Moran’s Index of
autocorrelation (ArcGIS Toolbox — see Moran’s I
description of the technique).
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Spatial autocorrelation is the formal property that
measures the degree to which near and distant things
are related. Autocorrelation literally means that a
variable is correlated with itself. The simplest
definition of autocorrelation states that pairs of
subjects that are close to each other are more likely
to have values that are more similar, and pairs of
subjects far apart from each other are more likely to
have values that are less similar. Groupings are
examples of spatial structures that are positively
correlated, whereas negative correlation may be
exhibited in a checkerboard pattern where subjects
appear to repulse each other. When data are spatially
autocorrelated, it is possible to predict the value at
one location based on the value sampled from a
nearby location when using data interpolation
methods. The absence of autocorrelation implies that
data are independent but, as it is pointed out above,
this independence is understood to be valid only
within the concrete geographic context.

Moran’s I takes the form of a classic correlation
coefficient in that the mean of a variable is subtracted
from each sample value in the numerator. This
results in coefficients ranging from (-1) to (+1),
where values between (0) and (+1) indicate a positive
association between variables, values between (0)
and (-1) indicate a negative association, and (0)
indicates there is no correlation between variables. In
all the tests the matrix of weights between all
involved in study locations compares the sum of the
cross-products of values at different locations, two at
a time weighted by the inverse of the distance
between the locations.

The results of the four tests are summarized in table
forms taken from the standard ArcGIS Toolbox
‘Spatial Autocorrelation Report’. They are presented
as follows:

Table 6 Table 7

Moran’s -0,029281 Moran’s -0,033722

Index: Index:
Expected | -0,062500 | Expected 10,052632

Index: Index:
Variance: 0,019131 Variance: 0,007007
z-score: 0,240166 z-score: 0,225901
p-value: 0,810202 p-value: 0,821278

Table 4 Table 5
Moran’s | 0,181598 | Moran’s 0,018515
Index: Index:
Expected | -0,000205 | Expected | -0,020408
Index: Index:
Variance: | 0,000026 | Variance: | 0,002703
z-score: 35,850933 | z-score: 0,748658
p-value: 0,000000 p-value: 0,454063

Table 4: Populated Places in Bulgaria. Moran’s I:
Given the z-score of 35.85, there is less than 1%
likelihood that this clustered pattern could be the
result of random chance. Table 5: Churches in Sofia.
Moran’s I: Given the z-score of 0.75, the pattern
does not appear to be significantly different from
random.

Table 6: Rock-cut tombs. Moran’s I: Given the z-
score of 0.24, the pattern does not appear to be
significantly different from random. Table 7:
Dolmens. Moran’s I: Given the z-score of 0.23, the
pattern does not appear to be significantly different
from random.

Table 4 presents the results of the autocorrelation test
of all towns and villages in Bulgaria. As it has
already been noted the results from simple Kriging
and unconditional Gaussian Simulation of towns and
villages show marked spatial structuring. The
autocorrelation is also very high.

The simple Kriging and Gaussian simulation also
produced moderate spatial groupings of the churches
in Sofia and the rock-cut tombs (Fig. 2, 3). The
intuitive expectation is that these data will be
autocorrelated. But they are not and fall into the
random section of the diagram (Table 5, Table 6).

Table 7 shows that the spatial pattern of dolmens is
not autocorrelated too.

These results only show that there must be some
social mechanisms that are responsible for the spatial
patterns of the analyzed above examples in terms of
differentiating them into two categories: spatially
homogeneous and spatially heterogeneous ones.

4. Model for assessment of spatial occurrences of
high-status artefacts

In order to test how much these social mechanisms
influence the spatial patterns of archaeological and
other social phenomena it will be reasonable to
model the occurrences of highly dispersed,
independent archaeological spatial data that consist
of high-status artefacts/monuments. A question
arises: where to find a representative sample of such
highly dispersed archaeological spatial data. It is
difficult to come across such data as they have to
possess some specific properties. Among them the
most important one seems to be to look for artefacts
with well-identified source(s) of provenance of the
valuable materials they are made of. The second
property requires looking for artefacts that symbolize
similar social meanings at different geographic
regions. This requirement is necessary because the
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most likely scenario is that the social mechanisms
that stay behind production and distribution of such
artefacts will not be valid to the same degree as when
these artefacts occur in regions that lie at more than
1000 kms away from their production center.
Additionally it will be correct to make the conjecture
that the chances of occurrence of such artefacts in
their peripheral zones of circulation will follow the
probability distributions used in explanation of
‘game models’.

In line with these considerations the best candidate
that meets these requirements is the distribution of
‘jade’ Alpine axcheads and their imitations (axes
made of diorite, amphibolite and serpentinites) in the
Balkans (Pétrequin et al. 2012b, 1231-1310). The
two regions which I have better knowledge about the
distribution of these artefacts are the areas to the
southeast and to the northeast of the Lower Danube.
The question that arises may be formulated in the
following way: if in the region to the southeast of the
Lower Danube out of 10 trials there are 2 successes
(two axes have been identified as made of Alpine
‘jade’ or other valuable rocks) than what will be the
chances of success in the region situated to the
northeast of the Lower Danube. Both regions are
“peripheral” to the distribution of the Alpine ‘jade’
axes and the expectations will be that they would
have had similar occurrences following Binomial
distribution model. In the frame of this conceptual
framework it is necessary to correct this expectation
allowing for the presence of regional differences as
the Lower Danube may form a boundary — not only
physical but also in human beliefs, rituals and
material cultural expression. In this case the question
should be reformulated in terms of what is the
probability for deviation from a certain mean number
of occurrences of such artefacts — chances of
occurrence of less or more than 3 Alpine ‘jade’ or
made of other valuable rocks axes.

The answer to this question comes straight from
tabulating the probabilities of expected occurrences
of Binomial distribution model and comparing them
with the real artefacts that have been identified. Thus
the probability of occurrence of 2 ‘jade’ axes out of
10 trials can be modeled by Binomial distribution:

P = p(X™ = k) = (Z) pkgnk

Where n is the number of trials, k is the number of
successes, and g = 1 — p.

2 1
In this case n=10, = s T304 1-p=

SWEIE

The probabilities are presented below.

PO =0,0173415
P = 0,086707

P& =0,26012

P89 =0,056901

PS® =0,0000169

The mean value is a; = EX=np =333 o=
VEX = 1,83. Of interest is what are the deviations a
for k=3, mean value 3,33 relative to the
neighboring  values |k —kgx| <a, kgx =3
(symmetric distribution kgy = EX = ;).

P(lk —kgx|) <a

The values are given in the table below.

Deviationa | k P

0 3 Py = 0,26012

1 2.4 Py + Pzy + Py
= 0,68281
= 0,90607

3 06 P(0)+P(1)+"'P(6)
= 0,98031

The maximal deviation from the mean value is 7
which corresponds to the actual number of identified
true Alpine ‘jade’ axes. If the ‘imitations’ (axes made
of other valuable rocks such as diorite and
amphibolite) are taken into consideration the typical
deviation from the mean value is 1 axe. This may be
considered as the ‘typical’ deviation where the
chances of occurrence of 2, 3 or 4 axes in one
archaeological collection equals to 0, 68281 which
indicates high probability of occurrence.

5. Cause-Effects interactions

In social science the notion of regionalization:
division of space of ordinary routines of social life
into front and back regions offers the conceptual
framework for dividing some of archaeological
spatial data into ones that cause and the other that
depend on the actions of the causal variables. Of
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particular interest for this study is the further
development of this notion by the association of back
regions with autonomous ritualized social actions
while the front regions are associated with social
actions that act on the social surface and hence it is
possible to conclude that they depend on causes
(situated in the back region) responsible for their
appearance (Giddens 1984, 127).

A question arises as to how can this theoretical
framework be applied to better understand the spatial
characteristics defined in the case-studies presented
above? In order to give satisfactory answer to this
question I will provide an artificial example of
modern highly clustered and autocorrelated spatial
data and their functional link to their social causes
which are spatially autonomous, not clustered and
not autocorrelated. For example, a farmer who grows
crops and wants maximal production of wheat has to
fertilize his/her field with chemical fertilizers, spray
the crops with chemical substances against insects,
diseases, weeds, etc. In the field, as a result of his/her
activities over several years, there will be highly
clustered and spatially autocorrelated presence of
areas with soil erosion, remains of particular insects,
weeds associated with production of wheat, and
chemically polluted zones. The social causes
responsible for these spatial data come from the
nearby town where the farmer either lives or attends
frequently. In the town market for crop producers
he/she meets his/her competitors; in a bank the
farmer takes loans and is encouraged to increase crop
production; in the church the farmer prays for high
crop yields. Thus the various social causes in an
urban environment such as the market for crop
producers, banks, churches, a school for agricultural
management, etc. are spatially independent from one
another (situated at almost equal distances from each
other). They may form loose groups with no spatial
autocorrelation among them. The effects of their
activities, however, are visible in the highly
structured and autocorrelated spatial data in the
farmers’ fields of crops.

The applied analytical geostatistical procedures as
well as the overall conceptual framework of
existence of autonomous and dependent social spaces
defined by the social science permits to make a
precise classification of the above presented case-
studies in terms of cause-effect relationships. I will
present the archaeological interpretations of each of
these examples.

5.a Particularities of the spatial distribution of alpine
jade axeheads in the eastern Balkans

Of particular interest to this analytical framework is
the distribution of ‘jade’ axes in the region situated to
the northeast of the Lower Danube. The probability
of occurrence of these axes approximates Binomial

distribution. The mean value of their spatial
distribution becomes necessary for the “rough”
estimation and prediction of occurrence of the
studied social events. Although “rough” this
estimation makes possible to assess the spread of the
regional significance of the social values of a small
number of true jade axes found so far. They may be
categorized as social causes that have the potential to
generate  highly structured in space and
autocorrelative patterns of axes made of other
valuable and imported rocks. Thus both spatial
structures (true ‘jades’ and ‘imitations’) establish a
semantic link between them because they are
governed by a hierarchy of social structures and
values. For example, if in the primary zones of
production and distribution ‘jade’ axes may be
considered as a symbol of the process of emergence
of social inequality (their spatial patterns form
Gaussian distribution in the form of a geographical
gradient with pronounced center), (Pétrequin et al.
2012a, 544-547) then in the peripheral zones they
may correspond to many different social mechanisms
of substitution of ritual practices, transmission or
exchange of valuable objects.

Also I would like to stress the fact that in this study I
use the term ‘peripheral zones’ under the condition
that Copper Age communities in the northeast
Balkans are not understood as primitive or peripheral
to a highly developed center. Through this technical
term I designate that the sparse distribution of some
high-status artefacts may come as a result of the
process of substitution or altering of particular ritual
associated with this artefact type.

The other four examples fit well to this cause-effect
conceptual framework.

5.b Particularities of the spatial distribution of
populated places in Bulgaria

The highly clustered and autocorrelated pattern of
spatial distribution of Bulgarian towns and villages
places it on the side of the social effects (dependent
spatial structures). Indeed, the effects of all aspects in
the history and geography of this region are
summarized in this spatial structure. The presentation
and explanation of all social causes that generate this
spatial structure goes beyond the present study.
Suffice it to say that behind each town or village a
number of social causes can be identified that
historically defined its exact geographical location.

5.c Particularities of the spatial distribution of
churches in Sofia

The spatial structure of the churches in Sofia
suggests that they as a group of monuments have to
be placed on the side of social causes. Their spatial
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pattern is weakly clustered but not autocorrelated.
This spatial structure, however, cannot be considered
as an exemplary one and that it will repeat in most of
the other urban centers. The reason for this is that
Sofia was a central religious place in the Balkans
since the late Roman Empire. Religious centers take
the form of permanent spatial patterns that are
capable of generating various forms of social events.
Even Ottomans respected Sofia as important spiritual
place for their Christian subjects and turned the town
into administrative center of their territories in the
Balkans. Under their rule the town remained
religious center for Christians which probably is the
reason why Sofia did not develop into commercial or
industrial center. Later this status played significant
role in turning Sofia into a capital of Bulgaria. In
competition with other towns Sofia overpassed much
better developed commercial and industrial centers in
north and later in south Bulgaria. The major result of
this case-study is that the distribution of churches (or
temples of other religion) within a religious urban
center has to be expected to form locally independent
and not autocorrelated spatial patterns.

5.d Particularities of the spatial distribution of rock-
cut tombs

The spatial structure of rock-cut tombs from Bronze
and Iron Ages is moderately clustered just as the
spatial pattern of the churches in Sofia. Both
examples, however, remain not autocorrelated. The
pattern of the rock-cut tombs is mutually exclusive
with that of dolmens. The rock-cut tombs group
themselves into small clusters which may signify
their local use but preserve also the overall spatial
structure of a center of ritualized human activities.
This is in contrast to the nearby towns and villages
which, as it has been seen from the example of
populated places in Bulgaria, exhibit highly clustered
and autocorrelated spatial pattern. Thus rock-cut
tombs may be classified as a social cause that has the
potential to generate settlements and other human
activities around them.

5.e Particularities of the spatial distribution of
dolmens

The spatial distribution of dolmens is quite similar to
that of the churches in Sofia. As a group of
monuments they were able to influence human rituals
and beliefs over significant distances. This is also
visible from their complete absence in the
“peripheral zones” of their distribution (North -
western Bulgaria). This fact also suggests the
specificity of these monuments as expression of
human beliefs and ritual practices and classifies them
among social causes that were able to generate
particular human activities around them.

Conclusions

The results from the analyses of the above examples
help to better understand the previously established
by social science categories of structuration of social
systems both in the past and in the present. They
provide fairly good formal illustration of the
backstage and front-stage human activities or
between autonomous (independent) and dependent
social variables. It should be noted that this
distinction is not absolute and while a set of social
variables has the potential to generate a set of
spatially dependent social variables they, in turn,
may come as a result of influence exerted by another
set of independent variables. Also it should be noted
that the relationship between independent and
dependent social variables does not lead to formation
of strict hierarchies. Rather within a given set of
autonomous  (independent)  social  variables
temporary combinations are possible that dominate
for a certain period of time and then collapse and
become replaced by another temporal correlative
structure.

The advantage of this approach becomes even more
visible when combined with better understanding of
the nature of spatial patterns of high-status
archaeological monuments and artefacts. The fact is
that the spatial distances between the autonomous
(independent) social variables may be considered as
functionally related to their relative social
importance. If local variation is ignored as in Kriging
than it becomes clear that each monument is built at
a certain mean distance from the other monuments in
a given region.

In the cases of spatial structures that consist of social
causes the distances that separate them will follow
Gaussian distribution. In turn, Binomial distribution
will be more appropriate for description of spatial
variation of socially dependent variables. In both
cases other distribution models with pronounced
mean value may be used. These models are necessary
in order to characterize the spatial variation and
make predictions about probability of occurrence of
artefacts and other social events.

Thus interpreted in slightly different terms the results
show the importance of deviations from the mean
value as a measure of systems interaction. ‘Social
causes’ form spatially limited networks with
relatively autonomous local centers. They, however,
have the potential to generate social effects in the
form of propagation of spatially grouped and
autocorrelated interactions. It is this relational
approach to the two different categories of social
events in terms of the variation of the spatial patterns
they form that opens up new possibilities for their
research not only as formal entities but also as active
social agents that shape the complex behavior of
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multi-level adaptations of societies in the past and in
the present.
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Hepilngynl Abstract

IIpdopateg eEelilelg OTIC YOPIKES TEXVOAOYIEG TPOGOEPOLV VEEC evKapieg Yo TV ynoewokn ovafaduion
VOICTAUEVOV avooKOQIKOV apyeiov. H mapovsioon meptypdpet pebddovg Kot TeXVIKEG YioL TN HETATPOTN TG
YOPIKNG TANPOPOPIOG TOL KaTaypapeTot oTo. apyeion avtd oe Tpiodidotates (3A) avorapactdoels. [Ipog ot
mv KatevBuvon, ta Zvotpata ewypaeikdv ITAnpoeopidv (XITI) pmopodv va cupfdirovy otig d10dkacieg
YEQUETPIKNG LOVTEAOTOINGNG, OTNV EVOOUATOGCT KOl TI GLUVOAIKY Stoxeiplon ympikdv dedopévmv Tov £xovv
mapayfel ypNoOTOUDVTAS SPOPETIKEG TEYVIKES, KAODC KoL OTN UETAYPAPY] TOV TANPOPOPLOV TOV
Sdwmnpodvion oe ddpopa péca tekunpioong, eite avoroywd eite ynewkd. To amotélesua TOV cLVAPOV
EPYACIOV OLOHOPPAVEL VEOLS OLVOUIKOVG TPOTOLG OAANAETIOPOONG LE TO TEPLEXOUEVO €VOC OVACKAMPUKOD
apyeiov 610 TANIGL0 EVOC TPIEIAGTATOV YOPTOYPAPLKOD TEPIPAAAOVTOC, EXTPEMOVTIC TV KAADTEP KATAVOT|ON
TOV OTPOUATOYPAPIKAV GYECEMV KOl TN HEAETN NG dlopopomoinong 6to y®po Kot to ¥povo. Ilepattépm
TEYVIKEG Y10 TNV OUAOOTOINON TOV SESOUEVAOV KOl TIV TOGOTIKT OVEADGT LTOPOVV VO JIEVKOAHVOLY JIEPYACIES
eEayayng minpogopiag. To mopadeiypoto ¥pong TPOEPYOVIOL OO TPOGPATEG EPYAGIES GTIG TPOIGTOPIKEG
0éoeic g Tovumog Oecoarovikng kat g Ayiag Tpiadag oty Kdpvoro.

Recent advances in spatial technologies present new opportunities for augmenting existing excavation archives.
This paper outlines methods and techniques for the transformation of spatial information recorded in these
archives into 3D representations. Towards this end, the use of GIS can assist the modelling process, integrate
spatial data produced using different modelling procedures and support the transcription of information held in
diverse documentation means, both paper-based and digital. The outcome of such modelling exercises can
enable new dynamic ways of interacting with an existing excavation archive within a 3D cartographic
environment, thus allowing the improved understanding of stratigraphic relations and spatiotemporal patterning.
Additional techniques for data grouping and quantitative analysis can facilitate further information extraction
processes. Examples are used from recent work on the prehistoric sites of Thessaloniki Toumba and Ayia Triada
Karystos.

Keywords: 3D modelling, visualisation, GIS, excavation archive, intra-site, Ayia Triada Karystos, Thessaloniki
Toumba

Introduction

This work stems from a research project concerning
excavation data recording and management that led
to a complete 3D digital workflow using GIS
technology for the prehistoric excavation of
Paliambela Kolindros in Greece (Katsianis et al.
2008, Towidng et al. 2012). In the process it was
recognised that the methodologies and tools
developed, apart from assisting digital
documentation in ongoing projects, provided an
opportunity to further elaborate existing excavation
archives in paper or in semi-digital form. In the
Mediterranean region excavation research in the last
century has generated many large datasets - some of
them are finalised, while others are still being

developed - that can be digitised, re-modelled and re-
investigated with a view to extract new information
or allow their correlation with other more recently
compiled research data.

1. State of research

Work in this line of research has grown lately, as it
has been realised that new technologies generate new
opportunities to interact with existing data in new
interesting ways. Originally, emphasis was placed on
the digitisation of archaeological datasets and the
creation of large data archives that would integrate
archaeological information with a view to
preservation and dissemination, usually on a national
scale through central access portals (e.g. National
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Monuments Catalogues) and more recently at an
international level (e.g. Europeana) (Kintigh 2006).
Gradually, attention has shifted from preservation
and diffusion to data re-use giving the opportunity to
look at old data with new ways. With respect to the
use of GIS as a platform for the unification of
individual spatial datasets, landscape studies
provided the obvious point of departure, to be
followed by a progressively increasing attention to
intra-site research (Allison 2008).

Over the past few years a number of studies have
manifested the suitability of GIS in intra-site
applications (e.g. Losier et al. 2007, Ducke &
Suchowska 2010, Katsianis 2012). GIS can assist the
modelling process, integrate spatial data produced
using different modelling procedures and support the
transcription and management of information held in
diverse documentation means, paper-based or digital.
The outcome of such modelling exercises can enable
new dynamic ways of interacting with an excavation
archive within a 3D cartographic environment, thus
allowing the improved understanding of stratigraphic
relations and spatiotemporal patterning. Data from
post-excavation lab studies can also be integrated
allowing  their  collation  with  fieldwork
documentation. Further techniques for data grouping
and quantitative analysis can facilitate information
extraction processes. Through an informal and
almost intuitive analysis of a cartographic display,
new observations can be directly extracted.

Recurring problems need to be tackled though,
biggest of which is the extraction of information
from essentially 2D documentation and the
representation of features in 3D. The latter is a field
of research that has witnessed rapid developments in
both data capture and data manipulation. Laser
scanners and photogrammetric procedures have
facilitated the rapid and voluminous 3D spatial
information collection, while 3D modelling software
techniques are currently being implemented in many
GIS software extending their 3D capabilities (McCoy
& Ladefoged 2009, Wulf et al. 2013). Unfortunately,
spatial data precision and coverage are precisely the
main shortcomings of legacy datasets. The
integration within a GIS environment of spatial
documentation dating back to just a decade ago can
prove to be very challenging, especially if 3D
representation is concerned.

2. The case studies

Towards this end, data collections from two
excavation projects with different characteristics and
recording strategies were used as case studies. The
exercise revealed a number of factors that can
influence the process of extracting and re-modelling
relevant spatial information into 3D features. It also
demonstrated the potential of enhancing the

representation of an excavation archive using GIS
tools as a visual medium to re-visit the
documentation of a site.

The process employed ArcGIS 10 by ESRI as the
underlying software platform for spatial data
modelling and integration. The visualisation
environment of  ArcScene  facilitated  the
representation and visual exploration of the resulting
3D spatial features. In both cases, all information that
resulted from the transcription of available
documentation was integrated into a geodatabase
structure containing feature, object and relationship
classes. The modelling process was complemented
with SketchUp for producing complex geometrical
features, such as excavation units.

2.a Thessaloniki Toumba excavation archive

The prehistoric settlement of Toumba is located in
the eastern part of the city of Thessaloniki and was
populated for the most part of Bronze and Early Iron
Age. Successive rebuilding on the same place
resulted in a tell-site almost 23 meters high, counting
at least 14 consecutive building phases that
correspond to more than 1,700 years of settlement
life. Its excavation by the Aristotle University of
Thessaloniki began in 1984 and continues until
today, bringing to light important archaeological
discoveries about the social organisation, the daily
life and the economy of the inhabitants.

In recent years (2006-09) remains of two large
mudbrick buildings (Buildings E and B) have been
revealed to the east of the large building complex
(Building A), which occupies the part of the
excavated area at the top of the mound, incorporating
significant storage facilities. With their study
currently underway and the excavation sector
expanding to surrounding areas, it was thought that
the efficient representation of the archaeological
deposits and findspots in 3D could assist
stratigraphic reconstruction and phasing based on
pottery (Avdpéov & Eviheidov 2010) (Fig. 1).

The archaeological project at Thessaloniki Toumba
has been an excavation laboratory since its outset, as
it placed an emphasis on standardised fieldwork
procedures, such as context based digging and pro-
forma logbooks, which eventually became the norm
in most archaeological projects in Northern Greece.
Further attention was channeled towards the
integration of digital methodologies to assist on-site
spatial recording (Patias e al 1999), data
organisation (Hadzilakos & Stoumbou 1996) and
feature representation (Kotsakis et al 1995,
Koussoulakou & Stylianidis 1999). However, these
efforts have not reached a 3D data management
platform that would integrate all available
documentation.
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. & R
Figure 1 The prehistoric settlement of Thessaloniki
Toumba. View of the modelled excavation sector -
depicted in yellow in the top right plan (Thessaloniki

Toumba excavation archive).

We decided to use data from the more recent
excavations as a case study, before embarking on a
more ambitious project to digitise the entire archive
accordingly. Data from the 2006-2009 seasons can
be found in a range of media. With the exception of
free-text comments and context sketches, all
information held in pro-forma documents supporting
fieldwork recording has been regularly entered into
an MS Access database. Film and digital
photography were both used regularly during the
excavation process, while spatial recording included
total station surveying, which resulted in individual
measurements entered in the logbooks and 2D CAD
drawings.

To accommodate the excavation archive for
integration in a 3D GIS environment, we began by
selecting the data categories that could be visualised
in 3D. In this respect, findspot coordinates were used
to create a 3D point theme of the excavation finds.
We then moved onto modelling the actual excavation
deposits. In Toumba, excavation proceeds by
defining excavation units, i.e. subdivisions of distinct
deposits. The measurements defining the limits of
each excavation unit were used to create closed b-rep
objects through a custom programming routine that
calculates their geometry (Tsipidis et al. 2011). Each
of these features can be joined to the respective
attribute table and visualised according to different
properties, such as by material type in the case of
artefacts or munsel colour values in the case of units

(Fig. 2).

Figure 2 Modelling of finds as 3D points using X, Y,
Z coordinates and excavation units as b-rep objects
(shown in transparency) using measurements
defining top and bottom unit limits.

The creation of surfaces employed data recorded in
the CAD drawings. Each drawing was imported as a
separate file in the GIS and re-positioned to the
correct location. In cases where only few depth
values were noted on the drawings, the situation was
amplified by extracting measurements from the
relevant excavation units using the database records
and photographs documenting the excavation
process. Breaklines were additionally digitised to
take into account abrupt changes in elevation (e.g.
from the presence of a wall). The combination of the
above allowed the generation of TIN (Triangulated
Irregular Network) surfaces approximating the
original topography. Line features in each CAD
drawing were converted into individual 3D line
themes by receiving Z values from the corresponding
TIN.

To complete the reproduction of the trench
topography, section drawings were georeferenced
using measurements at their corners. Following the
creation of TINs using these coordinates, each
section drawing was draped over its matching TIN
and projected in its actual position and size (Fig. 3).

The modelling procedure was complemented with
the generation of the terrain of the entire mound from
survey data, in order to place all archaeological
features within the excavation grid and the
immediate surroundings (Fig. 4). The establishment
of a common spatial background opens up the
prospect of integrating all excavation data, not only
from the current university project, but also from the
repeated rescue excavations conducted by the
Archaeological Service at the lower part of the
mount.
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Figure 3 Modelling of section and plan drawings.

Figure 4 Integration of modelled data within
excavation grid and wider landscape features.

2.b Ayia Triada Karystos excavation archive

The other example is based on the cave of Ayia
Triada, which is located in the vicinity of Karystos,
Southern Euboea. The excavation is a project
conducted by the Ephorate of Palacoanthropology-
Speleology of Southern Greece (EPSNE) in
collaboration with the Southern Euboea Exploration
Project (SEEP) archaeological team. The cave was
excavated for four consecutive seasons between 2007
and 2010 (Mavridis & Tankosi¢ 2009).

Excavation concentrated mainly in the eastern
chamber, where a total area of ca. 15 m?> was
excavated in small trenches each covering an area of
ca 1x1 m? (Fig. 5). Most material is retrieved from
undisturbed cultural layers and dates to three
chronological periods: Late Neolithic (LN), Final
Neolithic (FN), and Early Bronze Age (EBA). The
case study is directed towards the exploration of
spatial data patterning in relation to mortuary ritual
activities of the EBA phase and cave taphonomy
(Mavridis & Tankosi¢ forthcoming a-b, Katsianis et
al. forthcoming).

With the exception of digital photo capture,
recording was handwritten and transcribed in the
daily logbook held in a word processor every

evening. X and Y coordinates were measured from
the sides of each trench, while height measurements
were taken using a theodolite. All measurements
were transferred to spreadsheets in the evening.
Drawings were sketched in graph paper and included
a set of height measurements for the documented
surface or section.

Figure 5 Excavation at the Ayia Triada cave (Photés
by F. Mavridis & 7. Tankosi¢: Ay. Triada excavation
archive).

Initially, we focused on mapping the cave
topography. We began by the establishment of a
local grid, the orientation of the trenches in a North-
South axis and the modelling of the interior cave
topography using data from the survey that followed
the completion of the excavation activities. This
resulted in a 3D reconstruction of the chamber floor
prior to investigation which included the exact
location of the trenches (Fig. 6).

Cave topography

East Chamber

Trenches

Figure 6 Cave topography and location of trenches
within ~ East  Chamber  (Survey by T.
Chadzitheodorou, EPSNE).

Using the spreadsheets, the X, Y coordinates of all
individual finds were plotted in the GIS. Z values
were used to convert them into a 3D point theme.
Theme contents can be joined to their respective
attribute table and be displayed according to different
artefact properties, such as by material type.

Measurements recorded at the corners and the centre
of each context were used to create closed 3D
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polygon meshes. These are rather crude
representations of the extents of each deposit, but
they can give an idea about the volume of each layer
and also provide an efficient way to represent
variation in terms of layer content values (e.g. soil
texture values) and bulk find quantities (e.g. pottery
weight). The construction procedure involved the
formulation of the top of each layer in ArcGIS as
TINs and their ensuing combination in Google
SketchUp as closed polygons representing the
volume of each layer. The final geometric objects
were re-imported in ArcGIS as multipatch objects
and linked to attribute information (Fig. 7).

Figure 7 Modelling of excavation layers as closed
polygon meshes. 3D points indicate layer corners and
centre measurements.

The original plan drawings had to be scanned and
georeferenced. Height measurements noted on the
drawings were used to create a Digital Elevation
Model (DEM) of the surface for each drawing.
Breaklines in the topography were digitised on the
plan and used in the interpolation procedure, so as to
ensure that sharp relief variations would be indicated
in the final end-product. Each drawing can be
visualised in 3D after receiving height values from
the resulting DEM. A similar procedure was used in
the case of the section drawings, which were
georeferenced and draped over a TIN.

The textured DEM of each drawing can be used as
the background to digitise features of the drawing,
such as slabs, either as linear or polygon themes.
Polygons can further be extruded providing useful
3D displays of the trench contents. It is also possible
to digitise individual layers depicted in the section in

the 3D environment as 3D polygons and link these to
information in the database (Fig. 8).
_—

Figure 8 Modelling of sections, drawings and finds.

The process was complemented by the organisation
of available information either in free-text journal
entries or in spreadsheet catalogues into distinct
tables within the geodatabase that can be linked to
each spatial entity (e.g. excavation units linked to the
content information, such as soil consistency values,
counts of bulk finds etc.). In this respect, all spatial
features can be combined into selective displays that
visualise thematic information in space.

3. Experimenting with archive pictures

Following recent developments in computer vision
based approaches for the 3D registration of
archaeological features (e.g. De Reu et al. 2013), in
the case of Ayia Triada we experimented with the
available photographic archive to produce realistic
photo-textured excavation surfaces. Using typical
photogrammetric 3D  reconstruction techniques
alongside custom developed algorithms (Douskos et
al. 2009, Stentoumis et al. 2013) relative and interior
orientations of all available images are estimated.
Images are georeferenced using Ground Control
Points (GCPs) from the plan drawings. Subsequently,
through dense stereo or multiple view 3D
reconstruction algorithms, combined with texture
mapping, the final 3D meshes are generated. In this
way detailed models of high visual quality and
geometric accuracy have been estimated from small
groups of pictures. These models can be imported
into GIS as a textured polygonal model (multipatch
feature class object) and be used as-is or as a
background for 3D line drawing digitisation (Fig. 9).
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Figure 9 Surface calculation using pairs of
uncalibrated photos and 3D reconstruction
techniques (area 1x1 m?). Result shown in
combination with finds as 3D points and section
drawings.

The accuracy of the resulting models depends on the
number and geometry of the relevant photos. In
many cases, it is still impossible to generate accurate
enough models, especially if images are not taken
with 3D reconstruction in mind (e.g. single shots or
images captured from the same position). In our
tests, even when using pairs of pictures and an
average of 5 well distributed control points, the
overall RMS error was within a range of 1 cm
(surface area 1x1 m?). The possibility of obtaining
3D geometry from archived pictures can be used in
conjunction with other excavation records resulting
in more legible visual reconstructions of excavation
space.

4. Data exploration in 3D

The integration of excavation data within a 3D
cartographic environment primarily facilitates the
visual exploration of information that was originally
recorded separately. By selectively combining
information from different excavation seasons or
trenches, excavation questions can be investigated on
a greater scale.

3D representation allows a better grasp of the spatial
relationships between excavation data, by viewing
them in conjunction with the drawn documentation
from carefully chosen angles and focus. The
representation of each theme can be limited to the
objects that follow specific spatial, temporal and

thematic constraints set by the users using definition
queries.

The ability to combine information that was
originally logged separately, frequently reveals a
number of recording inconsistencies. Visualisation in
3D noticeably facilitates the indication of recording
inaccuracies, such as the placement of a wall on plan
or section drawings (e.g. observe wall discontinuities
in Fig. 3) allowing for necessary rectifications. It also
provides an assessment of the excavation process by
revealing the success in detecting the limits of a
deposit during excavation.

Excavation features can also be explored using the
information recorded in the attribute data tables.
Through the use of retinal variables (e.g. colour, size)
or rendering parameters (e.g. transparency) data
classification provides an effective way to get
immediately an idea about data patterning. Any
feature can be identified onscreen and provide access
to related information, photos or graphic material.

Moreover, complex queries using thematic, temporal
and spatial data attributes can be formulated resulting
in the selection of the corresponding objects within
the map frames (Fig. 10). Basic operations such as
measuring distances or selecting objects based on 3D
buffering can be performed on either single point or
multipoint entities (Fig. 11). Finally, temporal
change, such as the process of excavation or the
succession of the deposits, can be monitored and
communicated using selective  displays or
animations.

Conclusion

Both examples from Toumba and Ayia Triada
manifest the potential of revisiting old datasets using
3D spatial technologies. The targeted use of 3D
modelling procedures and GIS can contribute to the
spatial augmentation of existing datasets. Their
display within a 3D cartographic environment
facilitates interactive approaches to data exploration
allowing an improved understanding of stratigraphic
relations and spatiotemporal patterning.

It must be stressed though that any attempt to
enhance existing datasets involves a great deal of
data mining and data manipulation, plus it is subject
to the particularities of the specific excavation
archive and the methods used for its compilation. In
this respect, all effort going into creating 3D
representations of excavation space should be
justified by the intended interpretative result, rather
than the visual outcome - which can range from very
realistic to moderately schematic. Certainly, the
application of these methodologies in further
examples has the potential to extend the functionality
of existing tools and create a portfolio of case studies
covering a wide range of archaeological research.
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layers and selection of those with indication of Late Bronze Age (n.b.YEX) pottery. Trench sections are shown in
transparency.
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A REVIEW ON THE POTENTIAL USE OF CORONA IMAGES OF GREECE
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Iepiinyn/ Abstract

‘Evag moAd 1310itepog TOTOG 30pLEOPIKOV GLGTAKOTOG, OV TPONYEITAL XPOVIKA amd ooHNTAPES TOL YPTCULOTOLOVVTOL
onuepa, €tvol 0 KataoKomeLTIKOG dopveopoc CORONA (1963-1972). O CORONA avorthydnke oto mAaicio Tov
TPOYPALUATOS LUOTIKMV vInpectdv tov HITA koatd ) didpkea tov Poypol [Torépov. Ilpoteivetan n) exteTopévn gpnon tomv
dopvpopikmv eikovov CORONA vy (0) Tov gviomiopd vEmv apyooloyik®mv yopav, (B) v pekémn g popeoloyiog
OKIGUMV Kot (Y) TNV EKTIUNON TOL EMTESOV POOPAS GTNV TOMTIGUIKY 310KTNGi0 KUPIG AOY® TNG XOPIKNG avVAALGNG TOVG,
™G muepounviag Ayng kat g gvpeiog yoviag cdpoong. IHapdro avtd, to mieovektypoto tov cvotipatog CORONA,
LEWOVOVTOL AOY® TOV EVIOVOV YOPIKOV TOPOHOPPDOCEDMY TOL &ival GOUEVTEG G pio mavopapkn odpoon. Ot ev AOym
TOPAUOPPDCELS LEIOVOVV JPAUCTIKA TNV YOPIKN akpifela Tov dedopévov. I avtd to Adyo peréteg Tov LIAPYOVV GTNV
napepeepn Pproypopia, gite emikevipdvovior oty otk gpunveia tov gikovov CORONA yopic v epoappoyn
YEOUETPIKNG O10pBwoNg, 1 €0TIALOVY G VITOGUVOAX TNG EWKOVOG OOV YPNCLUOTOOVVTOL S0PIKE onueior eEAEYYOL Yo va
SopfdoovV TG TAPAUOPEDOGELS. XTNV TTapoLsa HEAETN avaAddovior o PAOog To QOTOYPUUUETPIKA TPOPANLATA TOV
cvvodevouvy pia mavopopkh chpwon tov CORONA KH4, evd mapovoidletar ev cuvtopio to ‘CORONA Atlas’ g
Méong AvatoAng, pia emroynpévn tpoontdfdela a&lomoinong Tov cuykekpiévou asntipa. Térog, e&etdletar n
duvatdtra vAomoinong avtiotolyov drtiovta oty EALGdQ, LECH YOPUKTNPIOTIKOV TAPASEYLATOV.

A very special form of a satellite system pre-dates many of the sensors today. The CORONA spy-satellite
system (1963 to 1972) was developed as part of the US intelligence program in the Cold War era. Due to its
spatial resolution, date of images, and wide scan angle we suggest CORONA has extensive use in (i) finding
new archaeological sites (ii) studying settlement morphologies (iii) assessing the level of damage on a cultural
property. However, CORONA’s advantage is diminished by extreme spatial distortions inherent in a panoramic
scan. These distortions drastically lower the spatial accuracy of the data. Therefore, scholars either solely focus
on visual interpretation of CORONA images without any geometric correction or they work on image subsets
where ground control points are used to correct distortions. This study involves an in depth discussion on the
photogrammetric problems, inherent to a CORONA KH4 panoramic scan. Next, we briefly introduce the
‘CORONA Atlas of the Middle East” — a successful effort in widely utilizing this historic sensor. Finally, we
evaluate the feasibility of a potential ‘'CORONA Digital Atlas of Greece’ by providing unique examples.

Keywords: Satellite Remote Sensing, CORONA, Greece, Digital Atlas

Introduction

Working in favour of archaecology, there has been a
significant increase in the spatial resolutions of
satellite sensors. Early systems, such as Landsat
Multispectral Scanner (MSS) had 60m resolution. In
the next generation Thematic Mapper (TM) sensor,
the resolution was improved to 30m. While
providing relatively course resolution, these sensors
are widely used in archaeological studies (e.g. Cox
1992, Shennan & Donoghue 1992). Another sensor
series used in archaeological applications is SPOT
(1, 2, 3 and 4) (Hritz 2006, Joyce et al. 1981). These
sensors have 10m resolution in pan-chromatic band
at Nadir. The next generation SPOT 5 can resolve the
ground at 2.5 meters.

The trend in the increase of spatial resolutions
became clearly visible with the introduction of very-
high resolution commercial earth observation

satellites. Global Imaging System 2000 on QuickBird
can collect panchromatic data at 60—70 centimeter
resolution. Another commercial satellite, Ikonos can
provide 1m panchromatic data. There sensors are
also of interest to researchers (e.g. Garrison et al.
2008, De Laet et al. 2007, Masini & Lasaponara
2007). The new generation WorldView-3, a
commercial Earth observation satellite, can provide
panchromatic data at 0.31m. Implication of this
unprecedented ground resolution remains to be seen.

Despite the power of these very-high resolution
commercial earth observation satellites, Key Hole
(KH) cameras, mounted on CORONA satellites
provide invaluable imagery due to their ability to
solve the ground. Furthermore, they offer a large deal
of historicity of the past landscapes.
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1. A Unique High Resolution Satellite: CORONA

The CORONA spy-satellite system (1963—-1972) was
developed as part of the US intelligence program in
the Cold War era (Day et al. 1999). CORONA
images were obtained before the massive scale
constructions, industrial agriculture, and urban
expansion (Casana et al. 2012). The impact of such
land-use land cover changes on the preservation of
ancient material culture is immense, and in many
cases, there is complete loss. Therefore, the value of
CORONA imagery as a snapshot of the area before
the drastic landscape transformation is beyond doubt.
Realising this, archaeologists of the Middle East
were quick to employ this invaluable data source
(e.g. Kennedy 1998, Challis et al. 2002, Ur 2003,
Casana et al. 2012). However, scholars of modern
and ancient Greece seem to be relatively behind in
adopting CORONA for their studies.

However, this system is not only used by
archaeologists. Studies in glacial geology (e.g. Bolch
et al. 2008), geology (e.g. Murphy & Burgess 2006),
land use (e.g. Kostka 2002) change detection (e.g.
Franklin et al. 2005), environmental monitoring (e.g.
Hamandawana et al. 2005), forestry (e.g. Andersen
2006), and agriculture (e.g. Elmqvist & Khatir 2007)
employ CORONA imagery with considerable
success.

The large spatial coverage of a single CORONA
image enables researchers to document past
landscape at a wider scale. CORONA also offers
high temporal resolution. Areas were visited by more
than one CORONA mission at different times of
year. Since the visibility of archaeological features
depends on geometric, geographic and geological as
well as local soil conditions, multiple images from
different dates increase the detection probability of
archaeological features. Another unique opportunity
CORONA provides is the stereoscopic view in
selected missions. It is possible to create historic
elevation models and to analyse CORONA in three
dimensions using stereo-pairs (Casana & Cothren
2008). Through these topographic data, researchers
can study site-taphonomies and landscape processes
which might have affected site preservation and their
destruction.

2. Some Examples from Greece

In order to evaluate the potential use of CORONA
images of Greece, we investigate four CORONA
image strips (DS1110-2236DF026, 27, 28, 29) and
highlight significant findings in the proceeding
sections. For guidance, we employ Pleiades, a
community-built gazetteer and graph of ancient
places (http://pleiades.stoa.org/) and a web GIS
database of Neolithic sites, located in Thessaly,
Greece (http://neolithicthessaly.ims.forth.gr). In the

upcoming examples, all modern imagery is courtesy
of Google Earth™ mapping service.

2.a Finding New Sites

CORONA imagery can be used for finding new sites
which were not previously recorded. Due to the ways
in  which archaeological features appear on
CORONA imagery, it is possible to investigate
archaeological landscape in an extensive manner and
add to the cultural inventory of the area.

Located at lon: 21.893 lat: 39.480, CORONA
imagery reveals a very dense architectural pattern
which is also bounded by a possible city-wall.
Modern imagery does not contain this information,
and only a single part of the ‘city-wall’ is visible
(Fig. 1). A similar new finding is located at lon:
22.151 lat: 39.333. A very substantial building
clearly appears on CORONA imagery where
individual rooms can be easily mapped — this
building is not visible on modern imagery. On the
other hand, modern data shows the location of a
recent building which must have destroyed parts of
this potential archaeological property (Fig. 2)

Two other examples (Fig. 3, 4) potentially indicate
new prehistoric sites which are not available in the
Neolithic Thessaly database of the Institute for
Mediterranean Studies. Known examples of the
mounded Neolithic settlements (magoulas) are
circular in shape and at times they are obtrusive in
the landscape. On the other hand, dense agricultural
practices in the area have been deforming and
levelling these sites. The remains of these sites are
not visible on the modern satellite imagery but
thankfully they appear as circular anomalies on the
CORONA imagery. While in Fig. 3 there is no
evidence of the past on modern imagery, Fig. 4
reveals the locations of two potential prehistoric sites
albeit without revealing the sizes of these
settlements.

2.b Site Damage

Industrial-scale agriculture, massive construction
projects, urbanization, and alike have immense
impact on archaeological sites and features. Due to
its historic character, CORONA imagery provides
the means for detecting damage on archaeological
property which happened after 1970s. Furthermore,
if there is no other historical imagery (e.g. aerial
photographs) CORONA remains as the only high
spatial resolution data source prior to the destruction.

We provide here a single example from the Neolithic
site of Magoula Sykeonos. The comparison of
modern and CORONA imagery reveals a large pool
constructed at the edges of the settlement, destroying
the potential extension of settlement to the southeast.
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Furthermore, CORONA imagery can be used to
document the extents of the settlement.

Unfortunately, this is not possible via modern
imagery anymore (Fig. 5).

igure 1 Dense architectural pattern of an ancient
city visible on CORONA imagery (bottom).

Figure 2 Substantial architectural features are clearly

visible on CORONA imagery below.

Figure 3 A possible location of a prehistoric
settlement. Modern imagery has no evidence for this
site, but CORONA imagery reveals a slight
topographic impression of a site with a circular shape

(lon: 22.165, lat: 39.513)

Figure 4 Two possible prehistoric sites are visible on
both images. On the other hand, modern imagery is
far from providing shape-related information (lon:
22.252, lat: 39.529).
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Magoula Sykeonos, destroying parts of the site.

2.c Features Detection

Due to its high resolution, CORONA imagery can be
used to detect and map archaeological features. Even
though most of the modern sensors now provide data
below 1 meter spatial resolution (in comparison to
CORONA imagery with 1.8 meters resolution at
nadir) CORONA remains preferable due to its
temporal domain.

Modern imagery from Batiai (Fig. 6) clearly shows
the city walls of the Hellenistic settlement even in
greater detail than the corresponding CORONA
image. On the other hand, the more recent image
cannot reveal the full extent of the wall due to forest
coverage (red circle). In contrast, one can easily
document the city wall on CORONA imagery.
Furthermore, CORONA imagery also reveals another
section of the hill-top settlement which was also
bounded by another wall (blue circle) which is
invisible to the researcher when using modern data.

Another site of potential interest is Kassope which
was under occupation from Archaic to the Roman
periods (Fig. 7). In this case as well, modern imagery
provides a very detailed picture of architectural
features of the site. On the other hand, another
feature (red circle) is completely missing in this
imagery. Furthermore, two parallel roads (blue
circle) with past origins appear as completely
destroyed in the modern imagery.

Wt
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Figure 6 CORONA imagery from Batiai shows the
complete layout of the city wall as well as another

potential area bounded by another wall.

Similarly, at Xyniai we were able to locate an
extension to the south of the city wall on CORONA
imagery (Fig. 8). Even though modern satellite data
provides a detailed picture of the layout of the
settlement, this specific extension which is also
bounded by walls is not visible (red circle).

Among these selected examples, the most significant
findings come from the city of Nicopolis (Fig. 9). A
quick inspection of CORONA imagery exposes
numerous architectural features as well as roads of
various lengths. At this point, we should note that
using different CORONA imagery of the same area
(coming from other missions) will only increase this
inventory  since  visibility = conditions  of
archaeological features also depend on ground
conditions, and various CORONA missions capture
this variation in great detail.
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Figur 7 Elements of the ancient city of Kassope are
both visible in modern and CORONA imagery.
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Figure 8 At Xyniai, CORONA reveals an extension
to the settlement.

) g \
Figure 9 Urban elements of ancient Nicopolis are
visible on CORONA imagery. Modern imagery
provides no extra information regarding the site.
Features in red are drawn on modern imagery for
comparison purposes.

2.d Studying Urban Planning

CORONA imagery can also be used for investigating
urban expansion and details of planning. Due to its
historicity, CORONA not only shows the expansion
of towns and cities, but it also provides the
opportunity for studying the foundations of urban
places. At Gelanthi, CORONA reveals an area of
interest to the southeast of the city in which we
observe the elements of an older city block (Fig. 10).
It is also possible that this older block represents an
archaeological settlement; yet without ground-
trothing this is not possible to verify.

2.e Land Use Change

CORONA is helpful in detecting land use changes.
Since the system provides high spatial resolution
data, such changes are clearly visible on this historic
image source. Furthermore, large spatial coverage of
CORONA enables investigation over large
landscapes. This makes it possible to contextualize
data and to gain better information on the evolution
of land use practices.
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Figure 10 At Gelanthi, one can observe the initial
planning stage of the town on CORONA imagery.
the seeds of urban planning.

In 2014, agricultural fields located at around lon:
22.062, lat: 39.394 have northeast-southwest
orientation. CORONA imagery from 1970 also
suggests that orientation has been preserved since
then. On the other hand, marks from earliest phases
suggest a clear orientation of north-south direction

(Fig. 11).
2.f Existing Site Morphologies and Boundaries

CORONA is also useful for reinvestigating existing
cultural inventories. Through such investigation it is
possible to detect how archaeological settlements
might have been affected from damage. Or simply,
one may gain extra information which is not
immediately available to researchers through the
study of modern imagery.

The Middle-Late Neolithic settlement Platomagoula
Pyrgou Kieriou is circular in shape with a diameter
of ¢. 250 meters (Fig. 12). The shape information of
this previously documented site is possible only after
a quick investigation of CORONA imagery. This
also suggests that CORONA can be used for building
an extensive morphological database of ancient
settlements. In return, such database can be used to
explore dimensions of socio-political and economic
livelihoods of ancient people through statistical
analysis of site morphology metrics and perimetrics.

R Pl ,- ¢ v 1
Figure 11 CORONA imagery reveals a hidden
north-south orientation of agricultural fields.

Figure 12 Size and shape of the Neolithic Pyrgou
Kieriou is visible on CORONA imagery.

3. CORONA Image Distortions

Within the CORONA program, the KH-4 series (also
used in this study) provides the highest spatial
resolution with a dual panoramic camera system.
However, its advantage is diminished by extreme
spatial distortions inherent in a panoramic scan.
These distortions drastically lower the spatial
accuracy of the data (Casana & Cothren 2008).

KALAYCI m



1st CAA GR Conference

Rethymno, Crete, Greece 2014

Therefore, scholars either solely focus on visual
interpretations of CORONA images without any
geometric correction (e.g. Birch-Thomsen et al.
2001, Maathuis & Van Genderen 2004) or they work
on image subsets where ground control points are
used to correct distortions (e.g. Grosse et al. 2005).
In few cases, these ground control points are used to
estimate image parameters for a photogrammetric
solution (Bolch et al. 2008, Casana & Cothren 2008).

There is no built-in bundle adjustment for CORONA
sensors. The relation between the CORONA sensor
and the ground cannot be directly solved directly
since many of the camera parameters as well as the
payload flight characteristics during image
acquisition are unknown. To overcome this problem,
Sohn et al. (2004) proposes three methodologies. The
first method involves removing distortions in
panoramic photo coordinates. Regular colinearity
equations commonly used for solving frame camera
parameters are transformed to a cylindrical film
surface conforming to the panoramic scan. The
relation between image coordinates of the cylindrical
film and a tangential plane are used to generate a
modified set of colinearity equations. In the final
equation, there are 9 unknown parameters which can
be solved by 5 ground control points.

The second method involves estimating exterior
orientation parameters of the camera system by time
dependent variables. In this case, similar to linear
array sensors, scan line maintains its relative position
with respect to the central-projection. Due to fast
scanning, time-dependent exterior orientation
parameters are in linear form. In this case,
transformed colinearity equations with 14 unknown
parameters require at least 7 ground control points
for the solution.

The last method is based on a replacement sensor
model. In this model, the relation between image and
object point coordinates are given by a polynomial
function. The solution for the polynomial coefficients
depends on a large number of ground control points,
depending on the order of the polynomial function.
Also, least squares estimation of the solution is
unreliable as the number and the distribution of
ground control points cannot always satisfy a direct
linear transformation.

Building over Sohn’s work, (Cothren et al. in prep)
we suggest a panoramic sensor model which uses
minimal number of ground control points to achieve
an accurate photogrammetric solution. And recently,
researchers at the University of Arkansas developed
an efficient workflow for correcting CORONA
images photogrammetrically. The methodology was
used to build the "CORONA Atlas of the Middle
East" (corona.cast.uark.edu), providing a large
inventory of spatially accurate CORONA images.

4. CORONA Digital Atlas of Greece

The above methodology is replicable for the
CORONA images of Greece. Having already
established collaboration with the Center for
Advanced Spatial Technologies at the University of
Arkansas, we have recently initialized a project,
called “The CORONA Digital Atlas of Greece”
following the methodology below:

1. Image  Acquisition and  pre-processing:
Approximately 150 CORONA images cover
mainland Greece. The United States Geological
Survey is in charge of the distribution of CORONA
images. Due to its large dimensions, CORONA film
negatives are scanned in four parts, and the user
obtains these files separately. Following the
acquisition of images, we plan to restore original
images in batch-processing mode.

2. Bundle Adjustment and Orthorectification: There
is no off-the-shelf bundle adjustment software for
CORONA sensors. The relation between a
CORONA image and the ground cannot be solved
directly since many camera parameters during image
acquisition are unknown. Following Cothren et al.
(in prep), we propose to correct CORONA images in
a semi-automated manner. Finally, we plan to use
SRTM/ASTER digital elevation models in order
further increase the spatial accuracy of resulting
image products, especially in complex terrains.

3. Building an online GIS platform: Dissemination of
the final images will be based on a WEB GIS
platform (ArcGIS Server) where users can view and
download CORONA images. An online GIS also
makes it possible to include other spatial datasets,
(e.g. archaeological sites, current coastlines, modern
villages and cities) so that a better research Cothren
framework is provided for the wuser. Further
capabilities of the WEB_GIS platform will be also
exploited to offer end users navigation and querying
options.

Conclusions

With its high resolution, early acquisition date, and
low cost, CORONA is an invaluable alternative to
newer satellite systems. As this study suggests, it is
also capable of detecting archaeological features
which are not visible on modern data. In the absence
of historic aerial imagery CORONA remains the only
document of past landscapes, and thus, carries
significant potential.

Throughout this study, we emphasised the
importance of CORONA over modern data.
However, modern imagery is not less valuable than
CORONA imagery; with their spatial and spectral
domains most of the sensors are superior to the
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CORONA system. On the other hand, the unique
combination of high resolution and historicity makes
CORONA a truly unique source for many regions of
the world.

Despite its potential, CORONA is relatively
unknown to the scholars who are working in Greece.
With this study, we propose building a ‘CORONA
Digital Atlas of Greece so that this data source
becomes more available to researchers. We also
believe introducing such an Atlas to the scientific
community will open up new research arenas and
will help researchers in posing new questions.
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Hepiinyn/ Abstract

H napovca avakoivoon e€etalel tnv 6A0 kot mto Kovr amoyn o1t ot "Ekotewvoi Xpovotl" g Apyaiog EALGSag
dev glval Topd £vo, KATAGKEDAGLO TOV EPELVITOV, eEETAlOVTAG €4V 0 PpLOUOC AVAKAAVYTG OPYOLOAOYIKDV XDPDV
g Tpdung Emoyng tov Xidnpov €yl avénbei petd v avakdivyn tov ydpov oto Agvkavti wepi to 1980.
Hopovcidle po PBaon odedopévav pe oyeddv 4.000 Muknvaikods kot I[Ip@ToyempeTpicods ydPovs Tov
avakaAOenKay avapesa oto 1900 kot to 2010. Av xdPoL TG TPMIUNG ETOYNG TOV L1ONPOL AyVOOLVTAV KOUTH TOV
Tpoo 200 audva, 0AAE avTeTOTICoVTaY [LE EVOLIPEPOV KATA TIG O TPOSPATEG LOG dEKOETIES, Oa TepLuévaye
0T 0 €106 PLONOG avakdivyng [lpotoyswpetpikdv ydpmv Ba ovEavotav petd to 1980 katd éva tpodmo TOL
Ba anékhve amd tov puiud avakdivyng Muknvaikav yopov. Qo16c0, ta dedopéva deiyvouv OtL ot pvbuoi
avakdAvyng Kot tov 000 mePOdmV opaAomotovvior og ovaioyio mepimov 1:1 emt oAdxAnpng g Pdong
dedopévav. Ta dedopéva homov deiyvouv 6Tt 1 EAAenym dedopévav g tpodiune Emoyng tov ZidMpov dev pmopet
va e&nyndel @ Tpoidv TG Ayvolog TMV GTOLXEIMV €K LEPOVC TOV LEAETNTOV

This paper assesses the increasingly common view that the Greek “Dark Age” is a scholarly construct by
determining whether the rate of discovery of Early Iron Age sites has increased since the discovery of Lefkandi
around 1980. I present a database of over 4,000 Late Bronze Age and Protogeometric sites discovered between
1900 and 2010. If Early Iron Age sites were being systematically ignored in the early 20th century, but treated
fairly in the last few decades, we would expect the annual rate of Protogeometric site discovery to increase after
1980 in a way that diverges from the rate of discovery of Bronze Age sites. However, the data show that the rates
of discovery for the two periods normalize very well, to roughly 1:1 over the whole data set. This data suggests
that the poverty of the Early Iron Age cannot be explained as the result of scholars ignoring the evidence.

Keywords: BigData, Quantification, Early Iron Age Greece, Hypotheses

Introduction

In Greek Archaeology, scholars have long debated the
appropriateness of the term Dark Age, once used to
describe the era between the last gasp of Bronze Age
civilization and the "rise of the polis" during the
Geometric and Archaic periods (now known more
commonly as the Early Iron Age). Our general
impression, based on the archaeological evidence, is
that life during this period was nastier, shorter, and
more brutish than it was in the preceding and
following eras. However, a series of unexpectedly
spectacular discoveries at the site of Lefkandi in the
1980s led some scholars to believe that the Greek
Dark Age was not actually very dark, but that we had
simply misread the evidence. In this paper, I present a
new quantitative assessment of this evidence, based
on a comprehensive database containing all known
sites from the Late Bronze Age (periods both before
and after the so-called palatial collapse), and from the
subsequent Protogeometric and Geometric periods.
Robust quantitative analysis of this data suggests that
it is not likely to be biased or systematically flawed in
a way which has made the Dark Age look "darker"
than it really was. The methods demonstrated in this

paper make apparent the value of gathering and taking
seriously cumulative “big data” when we think about
and construct archaeological knowledge.

1. Theoretical Background

Archaeologists have long had a problem with data.
Our problem is not that we need more data. Our field
has built up vast quantities of information over the
past hundred years. Rather, the problem of
archaeology is that the data we have is haunted by the
ghostly spectre of the data that we know we are
missing. Because we know that our data is full of gaps,
but cannot identify with any precision the exact nature
of those gaps, we have a very hard time figuring out
what, in the big picture of history, our data really
means. The archaeological record, as we know it, is
itself an artefact of what we, the archaeologists, have
managed to recover and record, rather than a faithful
representation of some ancient source population.

If we were to hold in our minds an ideal representation
of all the artefacts that once remained of a given
ancient society, then eliminated all the evidence that
does not survive the ravages of time, the evidence that
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we fail to recognize because we do not have the tools
to do so, and the evidence that archaeologists simply
ignore or do not manage to dig up, we would get a
subset of a subset of a subset of an unknowable
unknown of an original body of evidence. One of the
major problems of archaeological interpretation and
theory has always been related to how and whether
can we get a sense of what we are missing from the
archaeological record, and how to integrate these
supposed archaeological ghosts into the stories we tell
about the past (Collins 1975, 27; Lucas 2012, 63-66).
In what follows, I propose that we can find a way to
understand the absences as well as the presences in
archaeological data if we leverage the methods
associated with analysing ‘big data’ to find patterns in
our datasets that are invisible when they are studied in
small units.

2. Case Study

The Greek Early Iron Age provides an ideal lens
through which to explain what I mean when I propose
that we must try harder to understand the shape of our
archaeological data. It has long been clear that we as
a scholarly community know of fewer archaeological
sites that date to the Protogeometric period than sites
that date to the Late Bronze Age or to the Geometric
period. Early scholars who studied the Early Iron Age,
primarily A. Snodgrass, V. Desborough, and N.
Coldstream, thus proclaimed this period a Dark Age
(Coldstream 1977, Desborough 1972, Snodgrass
1971). Later scholars, however, have pointed out that
there are a variety of possible explanations for the lack
of remains, which might suggest that the Dark Age
was not so poor, but that the material record is poor
for other reasons - maybe scholars have ignored it, or
it is difficult to recognize, or it exists in parts of the
physical environment that have not been investigated
much (Foxhall 1995, 239). According to at least one
prominent Early Greek archaeologist “the concept of
a dark age is more of a modern scholarly construct
than one based on solid archaeological evidence...in
the end, the only thing ‘dark’ about Early Iron Age
Greece is our knowledge of it.” (Papadopoulos 1996,
253).

Papadopoulos (1996) and Foxhall (1995) have made
important distinctions between patterns in the ancient
past and patterns in the archaeological dataset. And
because the archaeological dataset is the only thing we
have, besides entrenched scholarly narratives, upon
which to build our understanding of this entire period,
‘the possibility that the data are being systematically
misinterpreted in some way, or that there is some other
embedded error in our approach, deserves serious
consideration.” (Dickinson 2006, 94). However, I
argue that it is not really enough to raise these kinds
of questions about the nature of our archaeological
data set, or to idly speculate on whether we have a
distorted picture of the data due to some bias in

archaeological practice, since this does not really
move us forward very far. In order to really
understand whether or not the Dark Age really is an
illusion, we must seek to test hypotheses about
possible causes of distortion against the
archaeological data itself.

3. Method

Using data, theories about the causes of diachronic
variability in the archaeological record can be tested.
For instance, if Dark Age sites in Greece were being
systematically ignored by archaeologists until the
1970s, but treated fairly afterwards, we would expect
the annual rate of Dark Age site discovery to increase
after 1970 in a way that diverges from the rate of
discovery of other archaeological sites in Greece. If
Dark Age settlements were missing from the
archaeological record because people during this
period built houses in archaeologically invisible ways,
we would expect the proportion of settlement sites to
burial sites from this era to be unusually low compared
to the proportion of these kinds of sites from other eras
in Greek history. And if Dark Age pottery were simply
impossible to recognize in survey assemblages, we
would expect patterns in survey discovery rates to be
uniformly low across all survey zones. Arguments
about the epistemological basis of an archaeological
Dark Age can thus be logically tested and falsified in
convincing ways, provided the existence of a
comprehensive dataset containing all of the relevant
archaeological sites discovered in Greece along with
a number of key attributes, such as date, method, and
extent of discovery and exploration.

4. Data

Using a variety of previously published resources, I
generated a geodatabase including all archaeological
sites discovered in Greece since 1870. I generated the
database purely based on previously published
excavation and survey reports, or pre-existing studies
of regions or time periods that aggregated such data,
with a focus on primary excavation reports. Although
most Anglophone archaeologists collecting similar
but smaller-scale datasets in recent years have
continued to rely on outdated sources, a much more
thorough and current compendium of known
archaeological sites in Greece can be found in
Syriopoulos 1995. This work consists of several
thousand pages of rich archaeological data, organized
by period and region. Syriopoulos lists every known
site from Prehistoric Greece (the Neolithic through
Geometric periods) up to date through 1990, along
with all of the publications of material from each site,
from excavation fascicules to preliminary reports in
the Archaiologikon Deltion. My data for sites
discovered before 1990 is largely culled from this
resource, but it has been updated to include all
available information from preliminary site reports
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and full publication regarding sites excavated between
1990 and 2000 as well. Other extraordinarily useful
sources for up-to-date regionally specific site
discovery and description include Ksifaras 2004,
Giannopoulos 2008, and Farinetti 2011. In
consultation, then, with a wide variety of sources, |
assembled a database which I estimate includes 3,733
individual sites, or approximately 90% of all known
sites in Greece with material that dates to the Bronze
to Iron Age transition (Late Bronze IIIB (LBIIIB, c.
1350-1200 BCE), LBIIC (c. 1200-1050 BCE),
Protogeometric (PG, c¢. 1050-900 BCE), and
Geometric (G, c. 900-700 BCE) periods). Some sites
did not have reliable information involving their dates
or circumstances of discovery or had not been
adequately published, and so I omitted them when
calculating the figures below. The database stores the
date of discovery, the period or periods that have also
been discovered at the site, the method of discovery
(survey, excavation, chance finds, etc.), the type of
site (settlement, artefacts, isolated tomb, cemetery),
and a variety of other attributes (Table 1).

3382 1534 847
Miraka Kaminakion | Romanos | Antissa
Rema
MIB;ITIC IHA;IgB;HI PG PG;G
Artefacts | Artefacts Settle. Cem.
Survey Survey Exc. Exc.
1966 1982 1960 1930
Greek English Greek | English
Deltion |y Githi | AD 1960 | BoA
1966 Chr Survey p.61 | Chr 200 1930-1
171 y P 166-178

Table 1 Select fields within Late Bronze Age to Early
Iron Age Site Database, created for assessing the
validity of the notion of a Dark Age in Greece.

5. Testing Hypotheses

In what follows, I use this ‘big dataset’ from Early
Greece to test three different hypotheses that have
previously been put forward in order to "explain
away" the poverty of material that we have from the
Early Iron Age. In doing so, I demonstrate the general
principal that by applying logical, hypothetico-
deductive strands of reasoning to large quantities of
archaeological information we can move forward
significantly in our understanding of the patterns that
we see in the ancient past, and the ultimate meaning
of the undulations that exist in accepted narratives of
Early Greece.

2970 -----
- 58 29 16 35

5.a Scholarly Bias

I begin by testing the notion that archaeologists have
distorted the material record by ignoring PG material
before interest in it increased during the last few
decades. One possible source of distortion in the data
could be a historical bias in the investment of
archaeological resources in investigating Bronze Age
and historical rather than PG sites, since the former
have long been of greater interest to more
archaeologists than the latter. If the rate of discovery
of Early Iron Age sites changed significantly after the
surge of interest that was sparked by the spectacular
Lefkandi discoveries in 1980, this might suggest that
there is a lot of PG material out there that may have
been missed in the early parts of the century when
people were not looking for it. However, if the rate of
discovery of PG sites aligns closely with the rate of
discovery of sites from other PH periods through time,
then that should mean that the archaeological record
has probably not been distorted by archaeologists’
investigative priorities.

- 111 47 38 78
- 158 64 56 107
- 225 87 82 140
- 312 116 134 201
- 327 123 140 211
- 486 191 218 328
- 700 304 325 496
- 845 381 381 643
- 1011 473 477 757
- 1229 569 575 897
B

Table 2 Accumulation of known sites from IIIB-G
through time, raw data.

The raw numbers show that we have discovered more
sites with pre and post Dark Age material than sites
with Dark Age material to date (Table 2). However,
we would need to interpret this distribution differently
if the rate of recovery of Dark Age material appeared
to be increasing over time. If the rate of Dark Age
recovery spiked in the last few decades, that would
suggest that the overall number of Dark Age sites
could reasonably be expected to eventually catch up
to Bronze Age sites, and that the Dark Age’s current
disadvantage could be due to historical biases in

archaeological practice.
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Figure 1 Normalized rates of accumulation of sites
known to archaeologists, IIIB-G.

However, plotting the discovery of sites from all four
periods over the course of the 20th century shows
good correlation for the curves of all periods of site
discovery through time. In order to make the
difference in rates of site discovery more easily
readable and visually obvious, I have normalized the
data. To do this I divided the number of sites of each
period discovered in each decade by the total number
of sites eventually known, thus eliminating distortion
in the visualized data based on quantitative differences
in the overall totals of the data categories. The graph
of normalized data thus shows the decade-by-decade
pace of IIIB, IIIC, PG, and G site discovery through
time - that is to say, the pace for each period to today's
known total number of sites (1). Once again, there is
excellent correlation for all four curves through time,
with only slight diachronic variation (Fig. 1). Thus,
the data suggest that, from a synoptic view, the
difference between the amount of known Mycenaean
and Geometric and known Dark Age material culture
is not the result of biases in archaeological practice in
the early history of exploration in Greece.

5.b Flimsy Settlements

Second, I test whether we do not have many Early Iron
Age sites because the scrappy remains of PG
settlements do not tend to survive to be discovered.
Regardless of whether archaeologists have always
paid close attention to Dark Age material, there could
be some other reason that they do not find it, even
when they are looking for it. One suggestion that has
been made is that we do not have many Dark Age sites
because the scrappy remains of the Dark Age do not
survive well within settlement sites. If this were the
case, we would expect tombs to dominate the
archaeological record for Dark Age Greece. That is to
say, if settlements from the Dark Age do not survive
well, or if most Dark Age people were transhumant
pastoralists who left little in the way of settlement
remains behind, we would end up knowing most about
the period from cemeteries, suggesting that we are
missing huge chunks of settlement material.

In order to assess whether or not this is true, I have
broken down the database of sites according to my

categories of ‘Period’ (IIIB, IIIC, PG, or G) and Type
(Cemetery, Settlement, Settlement/Cemetery
together, Artefacts). According to this distribution, the
proportion of sites where archaeologists have found
stratified architectural remains is slightly higher for
IIIB and IIIC sites than it is for Early Iron Age sites.
Likewise, the percentage of cemeteries known from
the Dark Age is, as a total percentage of the data, high
relative to the percentages from the I1IB, IIIC, and G
periods (Fig. 2). While these differences do confirm
the notion, long-recognized, that archaeologists find
more PG cemeteries than they do PG settlements, the
differences are not huge.

Figure 2 Comparison of the overall percentage of
settlement sites from the IIIB, IIIC, PG, and G periods.

Based on the data, it does not seem very likely that the
difference of a few percentage points in datasets of
this relatively small size are large enough to account
for the overall nearly 3:1 ratio of Bronze Age
settlement sites to PG settlement sites observed in the
total dataset. In general, the remarkable similarity of
site-type distribution between all four of these periods
strongly suggests that we have a comparable, if not
totally equivalent, knowledge base for each.

If these settlements exist, why do we still have the
pervasive sense that the Early Iron Age record is so
impoverished in settlement evidence? One possible
explanation for the dissonance is suggested in the data
- an unusually high percentage of Dark Age settlement
deposits (62% for PG vs. 49% for I1IB) consist of
modest structures, found by the Ephorate and
published in Greek. It may, then, simply be the case
that the Anglo-American archaeological community,
may not be aware of their existence since they do not
ever filter into our normal spheres of knowledge.

5.¢ Poor Visibility in Surveys

Finally, one other possible explanation that has been
put forward for the fact that we do not know of many
sites dating to the Early Iron Age is that it is the result
of the way that archaeologists go about their work,
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focusing on concentrated settlements rather than
searching for small-scale dwellings scattered
throughout an agricultural landscape. If this were true,
we might expect Early Iron Age sites to score well in
archaeological surveys, in which archaeologists look
for cultural material that is spread around in the
landscape.

This does not appear to be the case. The ratio of
IIIB:PG sites found by surveys is more than 3:1,
higher than the overall ratio of IIIB-PG sites of about
2:1. In addition, the percentage of all known PG sites
known from surface finds in the countryside is not
inordinately high (Fig. 3). At first glance, then, it does
not appear that we are missing a great deal of Early
Iron Age material that is spread around in the
countryside.

Sites from Surveys
e, | e | Re G

FOSINID SRR 71| ISEINE 5

100%

90% % Of
80% .
Sites

70%
60%

sox ®Finds from Systematic Surveys

40% . - l Finds from Unsystematic Surveys
% e fux
31%
20% 26%
10%
12%
PG

e nc G

Figure 3 Distribution of survey sites from IIIB, IIIC,
and PG in the total dataset (blue: finds from systematic
surveys, yellow: finds from unsystematic surveys).

But, once again, we need to think again about the
meaning of this information carefully before drawing
definitive conclusions. It has long been recognized
that there are differences in the durability and
distinctiveness of pottery from different periods, and
that artefacts from some periods may not score well in
surveys because they are difficult to recognize or
because they are too easily destructible to survive in
surface deposits. If Dark Age material were difficult
to recognize in survey, however, we would expect to
find little to no Dark Age material in any surveys
anywhere. But, while PG surface remains are not
inordinately abundant, they are also not particularly
sparse. Of all known PG sites, 31% come from the
identification of artefacts in surveys. However, the
ratio of IIIB:PG sites found by surveys is more than
3:1, higher than the overall ratio of IIIB:PG sites of
about 2:1. In addition, the percentage of all known PG
sites known from surface finds in the countryside is
not inordinately high.

In addition, the appearance of Dark Age artefacts
appears to vary significantly by region. Dark Age

survey material has appeared in some regions, notably
in the site registers from the Vrokastro, Almiros plain,
and Methana surveys, among others, suggesting that
Early Iron Age material is recognizable in surveys
where it does, in fact, exist. The kind of variation that
we see in the number and proportions of Dark Age
material identified in survey data strongly suggests
that the methods archaeologists have developed in
order to identify surface remains are sensitive enough
to pick up variation in assemblages of Dark Age
material, and are thus not missing huge amounts of
that material in systematic ways.

Conclusion

What all of this data shows most clearly is that there
is no better explanation in the data for the scarcity of
Dark Age material than that it is simply scarce. There
does not seem to be a systematic bias in the
archaeological record making this period look darker
than it is. It is a satisfying conclusion, which allows us
to go from a situation in which we think we have less
material, but can’t distinguish between the causes of
material impoverishment (e.g. whether it is felicitous
and based upon non-ancient causes or whether it
actually reflects past poverty). But, more broadly, this
case study makes clear a method by which the
fragmentary historically contingent nature of the
archaeological record can be remedied, at least
somewhat and at least in some cases, by a “big data”
approach to the entire archaeological record. By
systematically examining the possible causes for
variation in the nature of archaeological datasets
through time, we can at least begin to reconstruct
patterns of rise and fall in the past with better accuracy
and confidence, and be in a better position to reach
robust conclusions about the broad strokes of the story
of the human past.
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Hepilnyn/ Abstract

H mopovoa avakoivoon emkevipdvetar oty dpeon oxéon tov Kumpokdv epdv pe Tig gviote ed0Qkég
S1ekdIKNoEL TV ToATEW®V TG Emoyng tov Zidnpov. Ztnpildpevol e mapdpoteg Dempnrikég Kot pefodoroyikég
EQAPLOYEG YO TNV OPYOLOAOYIoL TOV TOTiOL 7OV £yvav o€ GALeg meployég tng Meooyeiov, emyeipodpe ™
depedivnon g tepapyikng ddrtaéng tov Kumpliokodv epmdv. H epdpynon tov 0écenv avtdv 6to gupvtepo
nepfarhov ekppalel Gueca TV KOWOVIKY TAEN TPAYLAT®V Kol GUVOLETAL LE TIG OQAIPES EMIPPONG TOV
dwpdpov Kurmpiakdv moéiewv-facireiov. To 1epd ot Béon BaPra-Koydreg ypnoyomoteital g mAOTIKY
épevva yuo va e£eTacTtovv ddpopes vobéoelg mov TPoPAnOnKay and Tovg cHYXPOVOLS EPEVVNTES CYETIKA LE TN
xpon Tov Kumplokdv meplpepelakdv epdv Kot Tn Japopemon Sopopmy TOATIKGOV KOl TOATICUIKMV
TovToTHTOV. EVag cuvouacprog apyololoyikdy Kot YE@YPAPIKOVY dedoUEvev Ba ¥pnotpononfovy TpoKeEVOD
va eEETACOVLLE TO 1EPO OVTO GTO EVPVTEPO TOALTIKO, OLKOVOLLKO, TOAMTIOTIKO Kot GUUPBOALKS TOL TAAIG1O.

In this paper we elaborate on the relationship between sanctuaries and the territorial claims of the Iron Age
polities of Cyprus. Drawing on ideas from theoretical and methodological studies on landscape archaeology and
their relevant applications in other Mediterranean histories, we explore how spatial order i.e., the hierarchical
arrangement of sites, as observed in sacred landscapes, articulates social order and is linked with shifting
relations of power and cultural influence in an ancient Cypriot context. The sanctuary site of Vavla-Kapsalaes is
the case-study we employ to test various hypotheses regarding the relation between the extra-urban sacred space
and the formation of various political and cultural identities in Iron Age Cyprus. Both archaeological and
geographic data are implemented with GIS analyses in order to contextualise this sanctuary within its broader
political, economic, cultural and symbolic landscapes.

Keywords: Cyprus, Iron Age sanctuaries, landscape archaeology, GIS

sanctuary and the consolidation of the power of the
city-kingdoms during this period?

Introduction

In this article we present some preliminary results

from our on-going research on the application of
Geographic Information Systems (GIS) in the study
of Iron Age Cypriot sacred landscapes. The present
case study focuses on the sanctuary site of Vavla-
Kapsalaes, and the questions we address are as
follows:

1. What are the reasons behind the foundation of the
sanctuary in the Cypro-Archaic period? Based on the
currently available archaeological evidence, can we
identify a relation between the establishment of the

2. Does the combination of archaeological indicators
and GIS analyses suggest that the sanctuary
possessed an important hierarchical position in the
economic life of a specific political territory? Does
the topographical setting of the sanctuary relate to
industrial (copper mining) or agricultural production?

3. Can GIS analyses complement other archaeological
evidence which suggests that the sanctuary belonged
to the territory of the Amathousian city-kingdom?

PAPANTONIOU ET AL.
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Figure 1 Map of Cyprus showing Vavla-Kapsalaes, the copper-rich Pillow Lava formation, the Iron Age Cypriot
polities, and the location of mines and metallurgical sites dating to the Iron Age (after Kassianidou 2013, 51, fig.

1).
1. Cypriot Sacred Landscapes: Theoretical
Framework

The Iron Age polities of the island represent the
climax of an indigenous political institution, which
operated with success to the end of the fourth century
BCE when it was terminated by an exogenous
intervention (lacovou 2008, 2013). As Ilacovou
(2012) argued, the primary factor that rendered the
island’s  economic and political unification
unnecessary is the geographical distribution of
copper resources all around the foothills of the
Troodos mountain range (Fig. 1). It is suggested that
the economic model, which shaped the political
geography of Cyprus was dependent on a minimum
spatial requirement: control of a unified territory that
could procure copper, produce staples and had access
to a gateway.

Recent research has established beyond question the
role of extra-urban sanctuaries in the political
establishment of the city-kingdoms of the Cypro-
Archaic (c¢. 750-480 BCE) and Cypro-Classical (c.
480-310 BCE) periods (for further detailed
discussion see Fourrier 2007, Papantoniou 2012a,
73-162, 2012b, 2013). Some sanctuary sites can be
identified in the countryside, mainly towards the end
of the Cypro-Geometric period (c. 1050-750 BCE).
The multiplication of the extra-urban sanctuaries in
the opening phase of the Cypro-Archaic period
represents the climax of a process that could be
explained within the framework of the consolidation

of the political power of the different city-kingdoms
(Fig. 2).

Roman

Hellenistic

Cypro-Classical

Period

Cypro-Archaic

Cypro-Geometric

t T T T T T T T 1
0 20 40 60 80 100 120 140 160
No. of sites

Figure 2 Density of sanctuary sites from the Cypro-
Geometric to the Roman period (Papantoniou 2013,
37, fig. 5).

It has been difficult, based on past research, to
discuss further any patterns in associations of Iron
Age sanctuaries with cities, settlements and routes. In
analogy with projects undertaken elsewhere in the
Mediterranean (and usually in relation to other time-
periods) where GIS methods have been employed to
illuminate the sacred landscapes (e.g. Soetens et al.
2001, 2002, Farinetti 2011), a GIS analysis of the
distribution of Cypriot sanctuaries, both across the
island and on a regional level, can reveal possible
relations among extra-urban sanctuaries, socio-
political boundaries and networks, as well as
communication and trade-routes between city-
kingdoms, or among urban centres, second-rank
towns and rural settlements. We will employ these
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geographical analyses to our regional case-study: the
sanctuary site of Vavla-Kapsalaes.

2. The case of Vavla-Kapsalaes

The identification of the Vavla-Kapsalaes sanctuary
was an accidental event but was followed by
extensive surface survey. It is situated on the
foothills of the eastern edge of the Troodos
Mountains, at 493 m. above sea level. It lies on the
top of a spine-like ridge, between the watersheds of
the Vasilikos and the Agiou Mina Rivers, and
commands an outstanding view over both river
valleys (Morden & Todd 1994, Todd 2013).

The study of the locations of all the definite and
possible Cypriot sanctuaries from the Cypro-Archaic
to the Roman period (Papantoniou 2013), allows us
to suggest that the sanctuary site at Vavla-Kapsalaes
occupied a significant position in the landscape of
the South-East coast of the island. It is one of the
very few securely identified sanctuary sites that stand
apart from groups of sanctuaries, which create rings
or zones around city-kingdoms, as in the case
Amathous, Idalion, Tamassos and Kition.
Apparently, we are dealing with a ‘frontier’
sanctuary located within the zone of interest of
various city-kingdoms. As will be shown below, a
geographical analysis of the surrounding landscape,
in combination with the archaeological material
recovered from the sanctuary site (Fourrier 2007, 49,
64, fig 1, Ulbrich 2008, 281-282) suggest that the
‘frontier’ cult site of Vavla-Kapsalaes belonged to
the territory of the Amathousian city-kingdom.

3. Datasets and Geographic Information Systems
Analysis

For the purposes of this research we have collected
the evidence at three different levels: 1. Material
deriving from the sanctuary site of Vavla-Kapsalaes
per se;, 2. Archaeological data related to the
surrounding archaeolandscape of the sanctuary, i.e.
evidence of other sanctuary sites, and evidence of
settlement and cemetery activity; 3. Digital data for
the implementation of GIS analyses.

In our analyses we included Amathous, Idalion,
Tamassos and Kition, the four urban centres around
the Vavla sanctuary site, which provide some
evidence for their existence as independent polities at
least at some stage of the Cypro-Archaic and/or the
Cypro-Classical periods (for further discussion see
lacovou 2013, 33-34).

For the purposes of this paper, the digital (both raster
and vector) data used for the GIS analyses have been
retrieved from the Eratosthenis Database, and were
collected and created by the Department of
Geological Survey and the Department of Land and
Surveys of the Republic of Cyprus. The digital data
used include: 1) the Digital Elevation Map (DEM) of
25m grid spacing; 2) the geological map, derived
from digitisation of map in scale 1: 250000; 3) the
rivers map, derived from digitisation of map in scale
1: 250000.

The accuracy of the DEM is essential for the
generation of the spatial analyses (Harris 2000, 121,
Conolly & Lake 2006, 101-102). The digital data
described above were used in the highest resolution
available. For the purposes of the current article no
Global Positioning System (GPS) measurements
were taken. Different approaches in the digitisation
process were implemented. The position of the urban
centres was retrieved from a previous publication
(Papantoniou 2013). The coordinates of the sanctuary
at the locality Vavla-Kapsalaes was retrieved by the
online pilot application of the Department of Land
and  Surveys ‘Navigate  to a  Parcel’
(http://parcel.dls.moi.gov.cy/search/ParcelSearchEN.
aspx). Where possible, the sanctuary sites falling
within the area of interest were digitised from
published maps. The exact location of some
sanctuaries was not retrievable due to the nature of
publication or preservation of the sites. In these
instances, the sanctuaries were approximately placed.

The GIS analyses conducted on the site of Vavla-
Kapsalaes and its surrounding environmental and
archaeological landscape can clarify the function of
the sanctuary within its contemporary political,
economic and cultural landscape. For the purposes of
this paper we integrated two GIS techniques,
Viewshed (VSA) and Cost-Surface Analyses (CSA).
The GIS analyses were conducted with an integration
of commercial and Free and Open Source GIS
software: ArcGIS and GRASS GIS. For the purposes
of the CSA, GRASS-GIS r.walk module, an
anisotropic cost surface algorithm, was implemented
(Fontenari et al. 2005, http:/grass.osgeo.org/
grass64/manuals/r.walk.html). The r.walk module
was employed using default slope parameters and
knight’s case search (Bevan 2010, 46). VSA was
conducted in ArcGIS, using the viewshed tool, with
default parameters (http://webhelp.esri.com/arcgis
desktop/9.2/index.cfm?TopicName=Performing_a
viewshed analysis).
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Figure 3 VSA results from Vavla-Kapsales (digital data courtesy of the Geological Survey Department,

Republic of Cyprus).
4. Results

VSA analysis confirms that the Akrotiri peninsula
and Cape Gata are visible from Vavla (Fig. 3). The
visibility horizon from the site, places the sanctuary
primarily within the Amathous ‘sphere of interest’.
With a probable exception, there is no visibility
between Vavla-Kapsalaes and any other securely
identified sanctuary in the broader region.

Future analyses on the inter-visibility between the
various sanctuary sites and primary centres might
provide further conclusions. What is of major
importance is the fact that towards the southwest the
sanctuary has great visibility of the pillow lavas and
copper resources. In the future we aim to investigate
further the visible access from the sanctuary to
various potential agricultural soils.

The results of the CSA also strengthen the relation of
the sanctuary with Amathous (Fig. 4). While one
would need about 5 hours walking to reach
Amathous, one would need more than 6 to 7 hours to
reach any other capital centre of a known Cypro-

Archaic or Cypro-Classical urban centre in the
broader region.

Palacoenvironment and palacovegetation are issues
that should be further taken into consideration when
employing GIS analyses, since are factors that affect
VSA and CSA (Wheatley & Gillings 2000, 5,
Conolly & Lake 2006, 230-231). We are aware that
the reality of the palacoenvironment and
palaeovegetation might have been different, but
based on the existing stage of research, we have to
base our arguments on the existing data. The
published information regarding the vegetation of the
area, comes from Christodoulou’s land use map,
generated from aerial photographs taken in 1949
(Christodoulou 1959). This map illustrates that the
area of interest was covered with tree and other
perennial crops, irrigated crop land, unirrigated crop
land and unimproved grazing land (Christodoulou
1959, 106-108). Additionally, Christodoulou (1959,
111) describes our area of interest as sparsely
wooded. An additional source of modern land
coverage on Cyprus is provided by the Land Use
Corine 2006 map (http://www.eea.europa.eu/data-
and-maps/data/clc-2006 -vector-data-version).
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Figure 4 CSA results from Vavla-Kapsalaes towards the urban centres (digital data courtesy of the Geological

Survey Department, Republic of Cyprus).

The map describes the area surrounding Vavla as
agricultural and forest/semi-natural area. The
contemporary vegetation in the area is rather low,
and no massif woodland is present that could affect
the results of the GIS analyses. Further survey could
provide insights to the palacoenvironment and
palacovegetation enabling us to understand in detail
the possible environmental boundaries (e.g. rivers,
and woodland), that could have affected the vision
and transportation in the area.

As we develop our research on the topic multivariate
statistical analysis may be employed. A future step
would be the conduct of Principal Components
Analysis and Chi-squared test on both the results of
CSA and VSA, providing the means to test their
validity.

Conclusions

This preliminary research claims that the
establishment of the sanctuary cannot be seen in
isolation of the processes that led to the consolidation
(and manifestation) of the power of the Cypro-
Archaic kingdoms. The GIS analyses complement
archaeological evidence, which suggest that the
sanctuary site belonged to the territory of Amathous.
Following previous discussion on the subject
(Papantoniou 2013), the sanctuary should be seen as
a ‘frontier sanctuary’, which could have stood
between the city-kingdom of Amathous and its

neighbouring polities. The sanctuary had an
important hierarchical position in the economic life
of the area: its topographical setting relates to the
copper mines and the surrounding areas of
agricultural production.

In conclusion, we feel that there is valuable scope for
GIS to expand our understanding for already
established knowledge on Cypriot Iron Age sacred
topography. Further GIS and multivariate statistical
analysis will refine the model and determine the
environmental and topographical characteristics of
the extra-urban Cypriot sanctuary on the scale of its
surrounding and contemporary archaeolandscape.
The refinement of the GIS model in the future will
allow us to define even better the choice of location,
the function and the meaning of Cypriot extra-urban
sanctuaries.
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Hepilnyn/ Abstract

H epyaocio ovth meptypd@el To amoTeAEGHATO TNG EPOPLOYAG TNG TPIOOIAGTATNG NAEKTPIKNG TOHOYPAPING Yia
TNV XOPTOYPAeNoN NG oTpwpatoypagiog Tov toufov B oto Apyaioroywd Ildpko Toltek tov Hvopévov
[MoMteidv. Ta tov okomd ovtd mpaypotomoOnkay TAPIAANAEG NAEKTPIKES TOLOYPOPiES KOAVTTOVTOG it
éxtaomn 9.600 tetpayovikdv pétpov. To ynelokd LovtéAo £36poVG Tov TOUPOV KATACKEVAGTNKE LE TNV XPHON
€VOC popmotikol yewdartikod ctabpov. Ot Katakdpveeg Kot optlloviieg TOHEG TOV VIESAPOLS TOL TOWPOoV
OVOKOTAOKEVAOTNKAY e TNV eneEepyocio TV 0£dOUEVOV HE J1GOIAGTUTOVS KOl TPIoOIAGTATOVS aAYOpifovg
avtiotpoene. To amoteléopota TG YE@ELOIKNG dlacKOnnong Pfordncav oy Katavonon ToV SPopETIKOV
6T0dIMV KOTOOKELNG TOL TOUPOV HECH TNG HEAETNG TNG OVTIGTOYNG CTPOUATOYPUPIOGC.

This work describes the results of a three-dimensional (3D) electrical resistivity tomography (ERT) survey in
order to map the subsurface resistivity properties below Mound B at Toltec Archaeological State Park in
Arkansas, USA. A dense network of parallel pole-dipole ERT lines covered an area of 9,600 square meters. A
robotic total station was used to compile a detailed digital elevation model of the mound. The data were
approached with both 2D and 3D resistivity inversion algorithms in order to create vertical sections and
horizontal slices of the subsurface. The ERT survey managed to map the stratigraphy providing a detailed model

of the mound’s filling material as well as information on its historical habitation.

Keywords: Mound, geophysical methods, 3D ERT, Toltec, USA

Introduction

Barrows, mounds, tumuli, kurgans, and tells (Ashbee
1984, Andronicos 2004, Goldberg & Macphail,
2000) are artificially erected hills with small or large
dimensions that have a worldwide distribution and
cover a wide time spectrum. At the same time the
systematic archaeological study of these monuments
offers opportunities to reconstruct habitation models
regarding the life and customs during their building
period. However their research by means of
traditional archaeological tools (e.g. excavation) is
time-consuming, costly and at the same time it
affects the monument itself as well as the
surrounding landscape.

As a response to the above mentioned challenges, the
application of geophysical research methods (e.g.
seismic refraction, seismic tomography, ground-
penetrating radar, electromagnetic methods, etc)
applied in archaeology can provide the necessary
tools for  effective and  non-destructive
characterizations of these structures (Tsokas et al.
1995, Persson & Olofsson 2004, Forte & Pipan
2008).

Geophysical investigations of archaeological mounds
seek to answer specific archaeological and
anthropological questions (Bigman & Lanzarone
2014) by reconstructing the cultural landscape that
systematic excavation would normally need decades
of tedious work to reveal. The collection of spatial
geophysical data can enlighten, support or correct
past archaeological hypotheses and plans or fill the
gaps in the free space between the mounds (Burk,
2014). At the same time, enclosures, pits, circular
ditches, middens and embankments appear with
distinct signatures in geophysical readings thus
making them as ideal targets for different
geophysical investigations (Henry et al. 2014).

However, all researchers acknowledge that the
geophysical investigation of such monuments is a
particularly difficult geophysical problem, due to the
complex subsurface resistivity distribution, the size
of the buried targets and the uneven topographical
terrain, thus bringing all geophysical techniques to
their limits. As a result, most of the known
geophysical approaches involve either qualitative
interpretations or only two-dimensional approaches.
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Recent developments in the field of geophysical
electrical resistivity tomographic (ERT) techniques
involve fully three-dimensional (3D) imaging
techniques which can readily cope with complex
topography (Yi et al. 2001, Giinther et al. 2006). The
application of such advanced techniques in
archaeological mound investigation is very limited
(Papadopoulos et al. 2010, Tsourlos et al. 2012,
Kassabaum et al. 2014) although it is clear that a
fully 3D tomographic approach in mound

investigation is particularly useful since vertical
sections in different directions and horizontal depth
slices can be efficiently extracted, revealing
information for different construction phases, the
interior stratigraphy and architectural relics hidden
into the mound.

Figure 1 View of Mound B at Toltec Archaeological
Park from the south. The flags denote the position of
the electrodes used to collect the ERT data.

1. Area of Investigation

The 3D ERT method was applied to Mound B (Fig.
1) at Toltec Archaeological State Park. The park is
located on an alluvial floodplain of the Arkansas
River in the central-east side of the state of Arkansas
(USA). The modern name for the stream near Toltec
Mounds is Plum Bayou and is used by the
archaeological community to describe the culture of
the people that built Toltec Mounds. The Toltec site
is partially enclosed by an earthen embankment with
an exterior ditch. Toltec is considered the largest
Plum Bayou mound center of the Terminal
Woodland period (700-1000 A.D.). It exhibits a
formal plan with regular plazas and at least 18
mounds. The majority of them are not visible today
due to the extensive agricultural activities that took
place since the 1850s.

People at Toltec Mounds depended on a variety of
wild and cultivated plants that were gathered from
natural sources or cultivated in gardens and fields. At
the same time deer, turkey and raccoon supplied
almost 85% of their diet in meat. Archaeological

investigations at Toltec Mounds were initiated in
1976 and are still active today. In general Toltec
Mounds are considered the most significant place for
Plum Bayou culture from A.D. 700 to 1050
(Rolingson 2012).

2. Field Geophysical Investigations at Toltec

The resistivity tomography survey of mounds
requires a detailed topographic plan and digital
elevation model of the investigated site in order to
correct the apparent resistivity data for the
topography effect. A robotic total station was utilized
to set up the geophysical grid and record the
elevations of different points along the mound by
capturing more than 4,630 topography data points.
The horizontal resolution of the data was 2 m by 2 m
within the eastern and western part of the Mound and
a denser sampling rate was chosen for the middle
part of the Mound (~2 m by 1m). Afterwards a
kriging algorithm was employed to compile the
digital elevation of the Mound (Fig. 2).

North (m)

Figure 2 Digital elevation model of Mound B. The
mound has a rounded rectangular shape. Its
maximum height is 13.3 m. The ERT profiles (solid
lines) were oriented along the South-North direction.
The field coding of the ERT lines is shown on the
upper axis of this figure.

A multichannel resistivity instrument was used to
collect the resistivity tomography data employing the
pole-dipole electrode configuration. The data were
collected along south-north individual transects (Fig.
2). The profiles were parallel to each other with an
inter-line spacing of 2 meters. All 49 ERT lines
started from the same coordinate to the south and
extended to north with length between 94 to 100
meters measuring along the ground topography.
Similar field strategy and protocols were utilized to
collect the data. The unit electrode distance along the
lines was two meters (a=2) and the N separation
(ratio of the distance between A and M electrodes to
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the M-N dipole length) ranged from 1 to 10. In order
to increase the investigation depth and the recorded
signal, additional data with unit electrode spacing
“2a” with N=1-9 and “3a” with N=3-9 were also
measured. The 2,430 metal stakes (electrodes) were
placed on the earth using tapes by following in each
case the topography of the mound (Fig. 1). More than
60,100 field data were collected from 49 lines that
had a cumulative length of almost 4.8 km.

3. ERT Data Processing

The topography along each line was extracted from
the Digital Elevation Model and was used to correct
the data for the topography effect. Inspection of
apparent resistivity values for the 49 lines showed
that Mound B was characterized by a mean apparent
resistivity value of 32.4 Ohm-m. The poor contact of
some metal stakes with the ground or the
disconnection of the cable with a relevant electrode
resulted in extremely high or low resistivity values
that were removed from the collected data set. The
data points that exhibited standard deviation errors
more than 1% were removed from the data. A second
stage filtering was performed by compressing the
dynamic range of the apparent resistivity values
within the range of 10-200 Ohm-m.

At first all the individual lines were processed with a
2D resistivity inversion software that can incorporate
the topography of the mound along a specific line, in
order to reconstruct vertical resistivity models along
each profile. Similar inversion parameters were used
for the data processing. The final inverted models
exhibited similar and relatively low RMS errors
(2.2-3.9%). The resistivity models along each line
were visualized with a common color logarithmic
where the blue and red colors indicate areas of low
and high resistivity variation respectively.

The next processing stage included the compilation
of horizontal slices at different depth levels within
the Mound by approaching the data with a full 3D
resistivity  inversion  algorithm.  This  was
accomplished by integrating all the individual
profiles to a single file where the 3D subsurface
apparent resistivity variation of the mound was
described by more than 43,400 measurements. The
subsurface of the mound was divided in 43,200 [(X,
Y, Z)=(50, 48, 18)] rectangular blocks that described
the true subsurface resistivity. The inversion program
converged to a final resistivity model after 6
iterations with RMS= 5.5%.

4. ERT Results

The western most lines (L49 to L42 — X=320-334m)
and eastern most profiles (LO8 to LOl1 — X=402-
416m), that were laid out on the flat part of the
mound, exhibit similar tomographic images. The

vertical stratigraphy along these lines is composed of
three distinct horizontal layers that are registered in
the inversion models with different resistivity values
(Fig. 3). The uppermost high resistivity layer (50—
350 Ohm-m) has a thickness of 2.5-3.0 m and
represents the recent geologic and anthropogenic
deposits. Bellow this resistive layer a distinct area
with lower resistivity values (3—50 Ohm-m) signify
the existence of a clay/silty clay layer with an
average thickness of 7.0-7.5 m. Below the mean
absolute elevation of 62—-63 m a high resistivity layer
(40—350 Ohm-m) is correlated with a relatively more
grained material (silty/clayey sand — sand) that
corresponds to “bedrock”. This layer is evident in all
ERT profiles.

Figure 3 A representative tomographic resistivity
model of the lines that were laid out along the
westernmost and easternmost flat area of the mound.
The interpretation of the vertical layers that compose
the stratigraphy is also shown.

Towards the central part of the mound, ERT profiles
show a more complex stratigraphic architecture by
diverging from the three-layer stratigraphy. Lines
L41 to L09 (X=336-400 m) show Ilocal
inhomogeneity within the topmost layer and the
underlying silty clay layer. For example lines L41 to
L37 (X=336-344 m) show a discontinuity in the
uppermost high-resistivity layer in the central part of
the mound (horizontal distance: 48—56 m). In Lines
L36 to L34 (X=346-350 m) the silty clay layer
below the elevated part of the mound seems to be
interrupted by a higher resistivity material (~30—40
Ohm-m) and is divided into a northern and southern
section along the profiles (Fig. 4 top).

From the line L33 (X=352 m), an ellipsoidal area
with relatively lower resistivity signature (~30 Ohm-
m) starts to appear below the uppermost high
resistivity layer on the northern slope of the profiles.
This area continues with relatively same resistivity
values but further shifted to north of the profiles,
until the line L28 (X=362 m). It seems to be
interrupted along the line L27 (X=364 m), but within
the lines L26 to L18 (X=366-382 m) the same zone
of high resistivity appears again with relatively lower
resistivity value (~20 Ohm-m). At the same time, the
interruption of the silty clay layer is also obvious
within these profiles (Fig. 4 bottom). Finally the lines
L17 to L0O9 (X=384—400 m) continue to have local in
homogeneities which fade away as we move towards
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the eastern profiles approaching the flat area of the
mound.

e esistinity witn sapeyr g

Figure 4 Top: Differentiation of the resistivity
material property within the topmost resistive layer
as the ERT profiles start to cross the elevated part of
the mound. Bottom: Outline of the ellipsoidal low-
resistivity anomaly at the northern part of the ERT
profiles (below the top most high resistivity layer)
and the discontinuity of the silty clay layer.

The analysis of the 2D resistivity profiles provided
significant information regarding the vertical
stratigraphy of the mound. In a second stage all the
lines were merged and processed within a 3D context
in order to produce horizontal resistivity slices that
describe the extent of the subsurface features at
different depths or elevations (Fig. 5).

The horizontal depth slices (Fig. 5) can give a
general picture of the mound’s filling material. It
seems that within the absolute elevations between 85
m to 80 m (Z=0-5 m) the mound is composed of a
coarse-grained material with resistivity values more
than 70 Ohm-m. Local inhomogeneities of relatively
larger resistivity values appear between the
elevations of 8 m to 83 m (Z=0-3m). Below 79 m
(Z=6 m) the material becomes finer as it consists of
silty clay with resistivity values less than 5 Ohm-m.
This rough vertical differentiation in the layers’
stratigraphy  indicates at least two different
construction phases during the history of the mound.

The prominent low resistivity anomaly at the north-
east corner of the survey grid (depth layers Z=0—3m)
is a by-product of the inversion processing due to the
lack of data in this region. This is due to the length of
the ERT profiles that was shorter and did not the end
of the grid in the specific locations. Furthermore it is
well known that the resolution of the ERT survey
decreases with increasing depth from the surface,
while the resolvable power of the inverted image is
minimum at the edges of the grid due to the specific
layout of the south-north ERT profiles that were
assembled to create the 3D resistivity model.
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Figure 5 Horizontal depth slices up to 8 meters depth
from the ground surface (elevations 85 m to 77 m)
that were extracted from the 3D resistivity inversion
model. The elevation lines every 2 m from the digital
elevation model of the mound have been

superimposed on the resistivity images.

Regarding the more superficial features, the depth
slices up to Z=3 m are quite informative. A
prominent high-resistivity rectangular anomaly (a) is
registered within the first depth slice (Z=0—1 m) on
the top center part of the mound. The feature has a
NE-SW orientation and maximum dimension of 12.5
x 7.5 m while it seems to continue up to a depth of 2
ms below the ground surface. Another linear high
resistivity feature, with a length of ~8-9 m (Fig. 5,
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feature b) lies about 10 meters north west of feature a
(Fig. 5, feature a) having the same orientation with it.

One of the dashed lines represents a high resistivity
region in the eastern part of the top of the mound
(Fig. 5). This area is probably related to features (a)
and (b) since it has the same orientation with them,
but it should be treated carefully as it lies on the edge
of the mound. The second dashed line on the top of
the mound is perpendicular (NW-SE) to the previous
anomalies. This area may be related to a “shaft” that
was dug on the summit of the mound during the early
1880s when the top of the mound was cultivated as a
garden (Rolingson 2012, 199).

The 1979 excavation trench has also been identified
in the geophysical maps as an almost circular area
with increased resistivity values exactly to the south
of anomaly (a). This extends at the south slope of the
mound and coincides quite well with the erosion cut
seen in a picture of 1979 excavation program
(Rolingson 2012, 201, fig. 154). The depth slices
also indicate a circular low resistivity region
(probably a ditch) that surrounds the west, north and
east periphery of the mound. This region roughly
follows 78 m contour line around the mound and
appears to have a maximum thickness of about 4
meters.

Finally an effort was made to correlate the
excavation profile from the 1979 field excavation
project (Rolingson 2012, 202, fig. 156) with a
respective 2D ERT section extracted by the 3d
resistivity inversion model (X=342m). The results
turned out to be inconclusive, as we were not able to
correlate the layers exposed by the excavation and
the geoelectrical image in the specific portion of the
profile. This is due to the relatively large spacing (2
m) that was used to collect the ERT data in contrast
to the fine details that can be defined through the
excavation process.

Conclusions

The purpose of this research was to explore the
subsurface of one of the Toltec's tallest
archaeological mounds. Very little was known about
this impressive structure regarding its stratigraphy,
and purpose, due to a lack of resources and a
preservation ethic which prevents excavation.

Electrical Resistivity Tomography contributed in the
compilation of a 3D resistivity model the
archaeological mound B in Toltec Archaeological
State Park. Through this method, we were able to
define the whole sequence of the filling material of
the mound with considerable accuracy based on the
resolution of the field measurements Resistivity
sections and slices show that the archaeological
mound is primarily composed of a low resistivity

clay material that was capped with a two to three
meter thick layer of high resistivity material, likely a
silty loam, over the entirety of the mound surface.
Archaeological excavations (Palmer 1990) appear to
confirm these results, and also provide assurance that
this addition was indeed a prehistoric one. This fact
indicates of at least two separate construction phases
for the Mound.

The high resistivity unit that is detected at the north
of the mound in the horizontal slices (Z=0-4 m)
indicates the location of an off-mound midden
(Horton personal communication). Furthermore the
survey managed to delineate rectangular structures in
the upper part of the mound that could be attributed
to structural historical remains.

In general the results of this work demonstrate the
importance of tomographic resistivity techniques in
the reconstruction of the stratigraphical architecture
of man-made earth mounds especially in cases where
traditional mapping geophysical methods are
inadequate to extract information from deeper
stratigraphical levels.
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LAND CHANGE IN CRETE: ANALYSIS AND PREDICTION USING CORINE
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Hepilnyn/ Abstract

Agdopévou 0Tt 1 aAlayn TG yng cvveyilel va €xel SPaCTIKG ATOTEAEGLATO Y10 TOVG PLGIKOVG OIKOTOTOVS, OALG
KOL Y0 TEPLOYES  OPYOOAOYIKOD  EVOLOPEPOVTOS KOl TOMTIGTIKNG KANPOVOMAS, 1 KaTavonomn &vog
peTaBaALOLEVOD TOTIOV EVICYVEL TO OYEJWOHO, TN Jayeiplon Kot TNV TPOCTOCIO TOV GLYKEKPYEVMV
owoténwv. H katavonon avtdv tov teptBailoviikdv Kot avBporoyevov depyaciov pe tn Pondeia tov GIS
Kot TG TAEmiokonoNg prnopel vo odnynoet o€ pio poviehomoinon g mbavhg e&EMEng g xpnong yne. H
perét avt Poaciomke oto gpyoreio Land Change Modeler tov Aoyiopkov g Idrisi kot n kédAvoyng yng
TPOYLATOTOMONKE [LE GTOTIGTIKY aviivon pe Bdomn tov mivaka Zvuoyétiong pe ) xpnon tov dedopévov Corine
Land-cover. Agdopévov 6tL avth 1 épevva mapéyetl o og Bdbog avdivon yio v aAlayr xpriong Kot moavn
vroPaduion g yng Yo oAdkAnpo to vnot g Kpnmge, amoteAel tantdypovae Evo mpdTo PrLo Yio TNV TEPUTEP®D
dwyeiplon Kot TPooTAGIi TNG TOAMTIGTIKNG KANPOVOLLS.

As land-cover change continues to have drastic results on natural habitats, livelihoods and also archaeological
and heritage sites, comprehension of a changing landscape aids in planning, management and prevention. The
modelling of land-cover variations with the aid of GIS and remote sensing leads to a deeper understanding of the
environmental and anthropogenic processes that can lead to specific changes. While there is a plethora of options
and analyses related to the modelling of land-cover, this study relies on the Idrisi Land Change Modeler and a
land-cover statistical analysis based on the Cross-Tabulation matrix and Corine Land-cover data. As this
research provides an in depth analysis of land-cover change and possible land degradation of Crete, it represents
a first step in future archaeological or heritage site management.

Keywords: Land-cover Classification, Corine Land-cover Data, Idrisi Land Change Modeler, Intensity Analysis

Introduction

Land use land cover change remains an inevitable
process in any landscape. GIS and remote sensing
enable us to interrogate these changes to reveal
underlying processes, ultimately leading to possible
conclusions regarding the causes and influences of
land change. As land change only becomes more
relevant in a changing and environmentally fragile
world, projecting environmental change through the
prism of today’s landscape influenced by specific
factors can serve as a useful prediction tool to aid in
planning land management.

In Crete, changing urban centres and expanding
populations have led to changes in agriculture and
land-use, namely more extensive and more intensive
exploitation of resources (Sarris et al. 2005). As
such, the land has become more and more
fragmented as population pressures push outward
from city centres. As urban populations expand into
rural areas, peri-urban areas or areas of transition can
indicate direct impacts of land change, urban growth

and pollution (Douglas 2006, Fang et al. 2005). This
preliminary study investigates the changing land-
cover of Crete for multiple time intervals based on
the Corine land-cover classification.

Using Corine land-cover classification data for Crete,
this study evaluates the land change from one land-
cover class to another over a period of ten years,
1990-2000. To understand the changes between
categories, the cross-tabulation matrix evaluates
pixel changes between land-use category and time
interval. Following an analysis of the type of
apparent land-use changes in this time period, the
interest is to understand the trajectory in the future.
This study uses the Land Change Modeler of Idrisi
Selva  (Idrisi ~ Selva, 2014. Clark  Labs/
http://www.clarklabs.org/) to predict urban and
vegetation cover of Crete for the present date of 2013
and the future date of 2030. This land-cover change
model proved successful in identifying periods of
land-cover transitions as seen in similar studies
mapping the urban expansion (Gallardo and Vega
2011, Onojeghuo et al. 2013). Ultimately, these types
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of analysis can be coupled with planning data and
archaeological data to enable sustainable heritage
management plans.

1. Methodology

The methodology is comprised of multiple steps
including pre-processing, pixel change analysis, land
change prediction and accuracy assessment. These
different processes are detailed below in la—lc¢ for
the interval of 1990-2000. The process was repeated
for 2000-2013. A final step uses the same
methodology to predict the results of land cover
change for the year 2030. Satellite images used for
this analysis are the Corine land-cover data,
consisting of georeferenced and classified land-cover
of Europe for the years 1990 and 2000. The database
is available for download from the European
Environment Agency (European Environment
Agency 2013). The Corine Land-cover data is
derived from the classification of Landsat TM
satellite data. While there is a 2006 data set now
available, there is no coverage for Greece for this
specific period.

Land-cover

l.a Data Corine

Classification

Pre-processing:

Corine Land-cover data have been successfully
implemented for environmental assessment projects
despite the limited spatial resolution of the Landsat
TM data (Grullon et al. 2009). The extracted dataset
for the area of Crete contains 44 different land
classes stemming from four major land classes -
built, forest, agriculture and water. Detailed land-
cover classes of the images would lead to less
accurate results, so the 44 classes were grouped into
nine major classes. The nine categories are: urban,
arable  fields, pastures, permanent  crops,
heterogeneous fields, forest, shrubs, barren and water
(Karydas 2013). Figure 1 and Figure 2 show the
classified land cover images of Crete in 1990 and
2000.

1.b Cross-Tabulation Matrix and Intensity Analysis

The land cover change is evaluated by a comparison
of pixel differences or additions of the first date
(1990) to the second date (2000) through a cross-
tabulation matrix. The pixels from the cross
tabulation matrix are then entered into Intensity
analysis (Pontius et al. 2004). This procedure
evaluates the exchanges between pixels of different
classes, as well as the observed commission and
omission error and finally the validity of the kappa
value in the land-cover classification (Pontius &
Millones 2011).

Intensity analysis is useful to understand land change
through time (Pontius et al. 2013). Through Intensity
Analysis, the transition matrix, created through cross
tabulation, is interrogated to reveal detailed land
cover patterns that could be lost if analysis is based
purely on total percentages of land-cover categories.
The ten year period or interval is analysed by
breaking down the categories into commission,
omission, or persistence. A commission pixel
represents a pixel that is a land cover category in the
end date or comparison map that differs from the
land cover category in the start date or reference
map. An omission pixel is one that belongs to a land
cover category in the start date or reference map and
changes land cover category in the end date or
comparison map (Pontius & Millones 2011). A pixel
is persistent if it stays the same throughout the time
interval. Intensity analysis also reveals how relatively
fast or slow annual land cover change occurs.
Finally, this is expanded upon as each land cover
category can be determined as active, dormant or
stable during an interval (Pontius & Millones 2011).

1.c Land Change Modeler

Using the Land Change Modeler of Idrisi, the first
image of 1990 is identified as the start date and the
2000 image is identified as the end date, leading to
the creation of transition maps (loss, persistence and
gain) of land class categories. From these transition
maps, it is possible to understand the changes of
specific land-cover classes in a given period. It
becomes apparent that the land-cover class
heterogeneous crops experienced growth throughout
the ten year period. The categories of arable and
water classes are not displayed as they were not
contributors to land changes observed in that period.

2. Results

The results of the land change analysis according to
intensity analysis, land change modeler are described
below according to each time period (1990-2000 or
2000-2013).

2.a Results of 1990-2000 Land Cover Change

Table 1a indicates the values in the cross tabulation
matrix used to calculate the intensity analysis of the
1990-2000 period. Table 1b indicates the intensity of
change for the categories of land-cover in the period
1990-2000. The dashed line in Table 1b indicates
whether a category is active (to the right) or dormant
(to the left) in change. We observe that only the
urban category is active and specifically, active in
commission (value: 14). This indicates that the urban
land-cover class is being produced by the loss of
pixels from other land categories that switch to
urban, giving more pixels of urban class at the end
date of 2000 than the start date of 1990. This land-
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cover change process is occurring at a more
accelerated rate than the other land change processes.
Heterogeneous crops class is also exhibiting
commission or gaining pixels by other land
categories and contributes to other land-cover classes
(value: 5). The Pastures category is almost as active
as the Urban category, but an entirely different land
change process is occurring (value: 11). Pixels of the
pastures category is switching to other land-cover
categories. This would suggest that open land is
being converted to other land-use types. We can see
finally the total percentage that each land cover
category comprises for the whole of Crete in Table
lc. The results indicate that Shrubs occupy a large
amount of Crete (47%), followed by Permanent
Crops (27%).

2.b Results of Land Change Modeler (1990-2000)

Having mapped the transitions (loss, persistence and
gain) of land-cover categories for 1990-2000, the
next step was to run the model in order to produce
future transition potentials for the study area for the
year 2013. This image would be used to complete the
analysis of land cover change from 2000-2013. The
transitions of interest are changes to urban and peri-
urban areas or areas with urban and rural fragments
juxtaposed. 2013 was selected as the prediction date,
since the results could be visually verified in Erdas
Imagine (http://www.hexagongeospatial.com) with
present day satellite imagery from Google Earth. The
results suggest that most changes in land-cover have
occurred around urban areas and touristic areas of the
coast. Few changes have taken place in barren
landscapes as they tend to be associated with
mountainous regions.

2.c Results 0of 2000-2013 Land-cover change

To visualize and then analyse the land-cover changes
for the period of 2000-2013, the previous steps of
Cross-Tabulation matrix, Land Change Modeler and
Intensity Analysis were repeated with the newly
produced 2013 image from the above step, 2.b. From
the Cross-Tabulation Matrix and Intensity analysis in
Table 2a and Table 2b, we investigate the changing
land use for this period. The cross tabulation matrix
of the 2000 image and the newly formed 2013 image
is represented in Table 2a. In Table 2b, we see the
commission and omission of the different categories.
There are few instances of swap between categories.
Only the Heterogeneous Crops category exhibits
pixels of both omission (value: less than 1) and
commission (value: 6). The Heterogeneous Crops
and Urban (value: 2) categories are both represented
by the commission of pixels. Pastures (value: 14) is
the only land-cover class that is active and in this
case, active in omission of pixels. Only the Pastures
category has changed at a non-uniform rate
compared to the rest of the land categories, although

in general, the land-cover percentage of Pastures
class is actually quite small in comparison with the
rest of the land-cover categories. To verify the results
of this, an accuracy assessment was accomplished.

What makes these results interesting is when they are
compared to the total land cover of Crete seen in
Table 2c. This table reveals the percentage that each
land cover category comprises. In this table we see
that Shrubs makes up the largest part of the land-
cover (46%). Permanent Crops class is still one of
the largest contributors to the land-cover (26%).
Heterogeneous Crops has grown one percent from 15
to 16%. If viewed on its own or in comparison to
table lc., these results could misleading as there
appears to be relatively no change, when in fact, the
intensity analysis reveals much has occurred.

3. Accuracy Assessment

As there was no recent land-cover layer of Crete
available, it was decided to use Google Earth images
to perform an accuracy assessment of the newly
produced 2013 image from Land Change Modeler.
Using Erdas Imagine, 100 random points were
chosen from the 2013 thematic land-cover prediction
map created by the Land Change Modeler. These
points were compared with the actual land-cover
seen in the satellite imagery from Google Earth.
Obviously, this method is not completely accurate as
the two images were not linked spatially and Google
Earth contains much more detail than the Landsat
TM Corine Land-cover data, but it did provide a
visual assessment of the Land Change modeler
prediction. This gave an overall -classification
accuracy of 91.00% and a Kappa Statistics of 0.87.
Most confusion existed with the land-cover classes
Shrubs, Permanent Crops, and Heterogeneous crops,
which are difficult to recognize in Google Earth.
While the overall classification accuracy is quite
high, it is understood that this method of accuracy
assessment is very limited. For a better
understanding of the changes predicted, it would be
best to use a validation layer that could be more
comparable with the Corine land-cover data.

4. Next Steps: Land-cover Prediction of 2030

Since the accuracy assessment of the forecast 2013
land-cover indicated acceptable results, it was
decided to predict the land-cover of 2030 using the
2013 image as a start date image. The resulting
image of the predicted 2030 Land-cover of Crete
(Fig. 3) would suggest that drastic changes are not
predicted for the future trajectory.

Using the same methodology as the previous
intervals of 1990-2000 and 2000-2013, the changes
during the 17-year period were evaluated (Table 3a,
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Table 3b, and Table 3c). The results are consistent
with the tendencies observed in the two previous
time intervals of 1990-2000 and 2000-2013. The
corresponding Intensity Analysis of 2013-2030
suggests an increasing rate of change (Table 3b),
perhaps a consequence of the larger time interval (of
17 years). Similar to the 2000-2013 period, Pastures
(value: 18) are active in omission compared to the
rest of the land categories and Heterogeneous crops
(value: 7) and Urban (value: 2) continue to be almost
purely based on commission. This indicates that
Urban and Heterogeneous crops will continue to
occupy a larger part of the landscape. Further, the
active change seen in Pastures is indicative of a
quickly changing landscape- one that sees open fields
being converted to other types of land cover.

Again, we also investigate total land cover
percentages as with the intervals of 1990-2000 and
2000-2013. In Table 3c, we see the category Shrubs
is consistently the largest land-cover of Crete (27%),
followed by the category of Agriculture, made up of
Permanent Crops (26%) and Heterogeneous Crops
(15%), as the two more abundant land-covers.
However, this does not reveal the detailed patterns of
change that are present in the Intensity Analysis.

Conclusions

Advanced methods of satellite imagery analysis
provide tools for a better management and planning
of the landscape. Satellite imagery coupled with

Idrisi Land-cover Modeler provide a useful
environmental analysis technique as the user controls
variables and inputs. In addition, this analysis
considers detailed changes present in a time series.
Rather than simply relying on kappa values or total
percentage, use of the cross-tabulation matrix as a
basis for an in-depth analysis of pixel data provides
useful and meaningful results instead of false notions
about land change.

One has to take into account the accuracy of the
results. Even though the classification models
provided similar levels of accuracy (despite the high
variability of land-cover in Crete), an accuracy
assessment of the land cover change modelled is
difficult due to the lack of recent data or satellite
images. Furthermore, it is clear that land-cover
analysis using Landsat TM satellite data does not
provide the detail and resolution needed to draw
conclusions on a local scale. Despite this, all results
indicate a constant expansion of both urban areas and
agricultural lands that seem to continue to 2030. This
indicates change or increasing intensification of
agricultural practices in the region. Current
agricultural production in Crete has seen a shift from
less traditional forms of agriculture to more complex
agricultural processes of growing and production
(Sarris et al. 2005). The procedure is simple to use
and the output provides much useful data about land-
cover change.
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Figure 1. 1990 Corine land-cover data, Crete
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Figure 3. 2030 Projected Land-cover using Idrisi Land Change Modeler

2000 2000 2000 2000 2000 2000 2000 2000 2000
Urban Arable Permanent Pastures | Heterogeneous | Forests | Shrubs | Barren | Water
Crops Crops
1990 Urban 11114 0 442 0 185 1 1123 2 0
1990 Arable 0 5158 4 4 16 0 59 0 0
1990 Permanent 0 0 219782 0 405 14 880 30 0
Crops
1990 Pastures 0 0 0 1651 0 0 0 0 0
1990 Heterogeneous 7 0 1760 199 123205 175 3919 16 0
Crops
1990 Forests 0 0 0 0 0 28312 12 0 0
1990 Shrubs 0 0 5 0 49 1725 393157 712 0
1990 Barren 0 0 0 0 0 0 85 34596 0
1900 Water 0 0 0 0 0 0 0 0 144

Table 1a 1990-2000 Cross Tabulation Matrix
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Dashed line is uniform intensity.

BOmission or Gain  BComission or Loss

Water
= Barren
g
g Shrubs 4
Forests
Heterogeneous 7
Crops
Pastures 7
Permenant j
Crops
Arable
Urban
0 2 4 6 8 10 12 14 16
Category Intensity (percent of category)
Table 1b 1990-2000 Intensity Analysis
Paag Water
o
g Barren
S Shrubs
Forests
Heterogeneous Crops
Pastures
Permenant Crops
Arable
Urban

0 10 20 30 40 20 60
Category Budget (percent of domain)

Table 1c¢ 19902000 Total Land Cover Percentages
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2013 2013 2013 2013 2013 2013 2013 2013 2013
Urban Arable | Permanent | Pasture Hetero- Forests Shrubs Barren Water
Crops geneous
Crops

2000 Urban 12867 0 0 0 251 0 0 0 0
2000 Arable 0 5241 0 0 0
2000 | Permanent 0 0 218837 0 0

Crops
2000 Pastures 0 0 0 1424 0 0 0 0 0
2000 Hetero- 0 2274 227 129030 214 5035

geneous

Crops
2000 Forests 0 0 0 0 0 28110 0 0
2000 Shrubs 0 0 0 0 0 0 390613 0
2000 Barren 0 0 0 0 0 0 0 34681
2000 Water 0 0 0 0 0 0 0 0 144

Table 2a 2000-2013 Cross Tabulation Matrix

Dashed line is uniform intensity.

BAOmission or Gain  BComission or Loss

Water

Barren

Category

Shrubs

Forests

Heterogeneous g
Crops &

Pastures {

Permenant
Crops

Arable

Urban

0 2 4 6 8 10 12 14 16
Category Intensity (percent of category)

Table 2b 2000-2013 Intensity Analysis
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g‘ Water
& Barren
8 Shrubs
Forests
Heterogeneous Crops
Pastures
Permenant Crops
Arable
Urban
10 20 30 40 20 60
Category Budget (percent of domain)
Table 2¢ 2000-2013 Total Land Cover Percentages
2030 2030 2030 2030 2030 2030 2030 2030 2030
Urban Arable Permeant Pastures Heterogeneous | Forests | Shrubs | Barren | Water
Crops Crops
2013 Urban 13118 0 0 0 331 0 0 0 0
2013 Arable 0 5241 0 0 0 0 0 0 0
2013 Permeant Crops 0 0 215893 0 44 0 0 0 0
2013 Pastures 0 0 0 1178 0 0 0 0 0
2013 Heterogeneous 0 0 2944 246 136405 290 6399 0 0
Crops
2013 Forests 0 0 0 0 0 27820 0 0 0
2013 Shrubs 0 0 0 0 0 0 384214 0 0
2013 Barren 0 0 0 0 0 0 0 34681 0
2013 Water 0 0 0 0 0 0 0 0 144

Table 3a 2013-2030 Cross Tabulation Matrix
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HepiZnyn/ Abstract

Yy mopovoa epyacio mapovoldletar o gpoppoyn GIS avowktod kddika yioo T HEAET] TOV OIKIGTIKMOV
dwraemv oty Kpi katd tnv votepopopaixy kot v tpotofulavtivi mepiodo (365-827 n.X.), ue paon o
oLVEY KOl CLGTNUATIKY) GLAAOYT OA®V TV ONUOGIEVUEVMV OPYALOAOYIKOV SEG0UEVOV Y10 TO KATAAOITO T@V
owopdv otnv Kpnm katd v eEetaldpevn nepiodo. o mAaicto avtod, avamtiydnKoy Lo GYEGLOKT YEDYPUPIKY
Baon dedopévav kot pa epapuoyn GIS ypnoonowdvros ta Aoyispkd QGIS kot Spatialite yia tn cvAloyn,
Swyeipon kot avalitnon vtV ToV SES0UEVOV: YEOYPUPIKEG GUVIETAYUEVES, XPOVOLOYNOT], KOTnyopilo Kot
péyefog Tov OIKIoHOV, AETTOLEPT] apYOLoAoYIKA oTotyeia, PpAoypapucés avapopés. Oheg ovtéc ot TumoroYieg
dedopévov mapovoidlovv mpofiiunata afefatdTTog Kol OVIITPOSORTEVTIKOTNTOG, TO OToio. cu{nTodvial o1
peré. To AoyiopukdQGIS ce cuvdvacpud pe to Spatialite amodeiyOnkav kavd vo AEITOLPYNOOVY G Lo
OAOKANPOUEV TAOTOOPUO YO TNV KOTOYPOQTN TOV Oed0UEVOV OAMG KOl ®G TAUTEOPLO SlEPEVVNONG
EPUNVEVTIKAOV LOVTEL®V.

We present an application of standard open source GIS tools to the study of settlement patterns in Crete in the Late
Roman and Early Byzantine period (365—827 AD), based on an ongoing systematic collection of all published data
about archaeological evidence of human settlements in Crete during the period under examination. We developed
a relational geodatabase and GIS application using QGIS and SpatiaLite to collect, manage and query this growing
collection: geographic coordinates, chronology of occupation, settlement type and size, more detailed
archaeological evidence, bibliographic references. All these data types can have problems of uncertainty and
representativity that we discuss. We found QGIS together with SpatiaLite capable of acting as a complete platform
to record data and also as a testbed of interpretative models.

Keywords: Crete, Late Roman, Early Byzantine, Open Source GIS, settlement patterns

Introduction

Late Roman and Early Byzantine Crete has become a
subject of scholarly interest only in the past three
decades. At the same time, a substantial increase in
quality and quantity of archaeological data has
resulted from rescue and preventive archaeology,
together with a few large excavations focused on the
“late” period, under the influence of new
developments in Mediterranean archaeology.

Minoan Crete has always been the main subject of
Cretan archaeology: unsurprisingly, the first
systematic overview of the Roman and Early
Byzantine period is lan Sanders's Roman Crete
(1982), a pioneering work, still necessary even though
it is now outdated both in its contents and
methodology. Sanders had proposed a jonesian model
(see e.g. Zavagno 2009, 8) for settlement patterns in
Crete from the Late Hellenistic period to the Arab
conquest (actually, rather the mid-7th century), in
which the Early Byzantine period was nothing more
than the final chapter of Antiquity. Thirty years of
archaeological research in Crete and the

Mediterranean have now significantly changed our
perspective and it seems now natural to focus on this
period as a self-standing subject, with its own features
in both cities and the countryside.

The Late Roman and Early Byzantine period in Crete
is traditionally dated between 365 and 827 AD,
without a clear separation between the two. The
chronological boundaries are respectively those of the
major 365 AD earthquake (Stiros 2010) and the final
Arab occupation of Crete (Christides 1984). The
former event provides a horizon that is common for
most archaeological sites on the island, while the latter
marks a conventional date for the end of occupation in
many settlements. During these five centuries,
settlement patterns changed significantly, together
with land use and exploitation of natural resources,
leading to a fragmented landscape of virtually separate
regions. After the hiatus of 8§27-961 AD (Emirate of
Crete), for which little archaeological evidence is
available, the settlement pattern of the Second
Byzantine period in Crete is very different
(Tsougarakis 1988).
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Figure 1 A screenshot of the main QGIS window with the sites recorded so far.

In order to build updated models, we needed to re-
examine a substantial amount of archaeological data
with state-of-the-art techniques. The work we present
here is based on a still ongoing systematic collection
of all published data about archaeological evidence of
human settlements in Crete during the period under
examination. To collect, manage and query this
growing collection we developed a relational
geodatabase and GIS application using QGIS and
SpatiaLite (Fig. 1).

1. Base geodata

As with any GIS there was a need to obtain base
cartography: ASTER-GDEM was used to create a
DTM with a horizontal resolution of 30 m, limited to
the island of Crete only. Based on this DTM with raw
elevation data, we also created a “hillshade map” and
a color-coded DTM that were eventually used as the
main cartographic base at small scale visualisations.
ASTER-GDEM is licensed from NASA-METI and
free for non-commercial use only, downloaded upon
registration, unlike the SRTM dataset. However,
SRTM has a lower horizontal resolution than ASTER-
GDEM.

For large scale visualisation, the KTEBASEMAP
2007-2009 (OpbBogwtoypopies Yo t0 cHVOAO NG
EXadac) provided high-resolution imagery via
WMS, that proved very useful for identifying the
exact location of extant archaeological remains on the
ground in many cases. WMS is an OGC standard for
raster data that is downloaded only for the needed
geographic extent and at the desired scale.
KTEBASEMAP is not downloadable, but it is

available under the Creative Commons - Attribution
3.0 license.

OpenStreetMap was used to obtain data of the modern
coastline of the island through the geofabrik.de
download service. OpenStreetMap data is available
under the Open Database License 1.0 and it is freely
downloadable.

The Archaeological sites dataset of Digital Crete was
used as a reference catalogue of archaeological sites
known from previous literature, even though it is only
web-based and no downloadable dataset is available.

2. Data model

Following the lead of other established databases of
ancient places and archaeological sites (Digital Crete,

Evidence and chronology

typology

confidence 4th century (min: 0 - max: 3)

confidence 9th century (min: 0 - max: 3)

description
Location . location
name \
\
geom (POINT) o
land_plot \ [Pibliographic reference]
d \ short citation
escription \
activity_type (VOCAB) \ | pages @ |
position_accuracy (VOCAB) b Zotero URL
place description
Flace —— parent

name

Greek name

ancient name

Pleiades ID

Digital Crete ID

Figure 2 Simplified schema of the data model
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Pleiades) we kept a clear separation between
archaeological sites as “places” and the specific
material evidence resulting from rescue and
systematic excavations, field survey and other
occasional findings. This assumption makes the
database slightly more complex (Fig. 2) but also more
flexible, particularly when incomplete or uncertain
data need to be recorded. We had no need to define
tables for vocabularies of terms (commonly used as
drop-down menus) so far, but some fields are
constrained to specific lists of values (geospatial
accuracy, type of archaeological activity).

Unlike other GIS applications, the recording of spatial
features is not the central focus of our data model:
places can have more than one location attached, as is
common in urban sites that span large areas. This one-
to-many relationship is an advantage because on one
hand, the data model allows to tie together different
pieces of evidence that would be otherwise described
as completely separate “sites”, but on the other hand,
there is no limit on the amount of detail that can be
recorded for complex sites. When we need to analyse
data at the scale of the entire island, each place is given
point coordinates through the ST Centroid() function
that is part of the OGC-Simple Features Specification
provided by SpatiaLite, by collating all locations
linked to a place in a database view instead of a table.
In SpatiaLite, views share the same R*Tree spatial
index of parent tables and are as fast.

As described below in the «Collection of data»
section, to keep track of varying degrees of confidence
about chronology as given in archaeological reports,

the chronology of each location is not recorded as a
simple “from — to” time span, but accounts for the
changing nature of settlements over time. This is
based on the Evidence table, where one record per
evidence type is stored. Standard database
normalisation would require a nested design with at
least two tables, but in this case we opted for a basic
approach: there is one column per century (from the
4th to the 9th) and confidence values are recorded as
integer values ranging from 0 (no evidence) to 3
(complete and clear evidence).

Finally, both places and locations accept simple
bibliographic references to record the source of
information. “Simple” means no attempt was made to
create from scratch a complete bibliographic database,
but only a short citation is provided and complete data
are stored in Zotero, a web-based and publicly
accessible reference management system. Zotero has
an API to retrieve programmatically content from a set
of URLs pointing to resources or collections of
resources, so these will be stored in the database if
need arises to have a complete and independent set of
data.

3. Collection of data

Data were collected mainly through a systematic study
of journals and other publications, and there are
various types of information that need to be treated
separately: geographic coordinates, chronology of
occupation, settlement type and size, more detailed
archaeological evidence, bibliographic references.
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Figure 3 QGIS screenshot of the editing form for a “location” record (Pretorio in Gortyna). In the middle the sub-

form showing “evidence” records.
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As far as chronology is concerned, the main problem
is without any doubt the wide range of differing
terminology used in publications (as “late antique”,
“late roman”, “early Christian”, “early byzantine”),
often referred to the same period but rarely described
in more detail. This is found most often in older
reports and publications, and in some cases one may
even question whether the provided chronology is
acceptable by today’s standards and more refined
typologies. Almost certainly, the underlying reason is
to be found in the lack of interest for the Late Roman
and Byzantine periods that was very common until a
few decades ago in Cretan archaeology. Given this
situation, we decided to record not only whether each
excavation yielded evidence of occupation in a certain
century among those considered, but also the degree
of confidence in such chronology. Otherwise there
would have been no distinction between recent and
older data, nor between generic dates and precise ones
— the “notes” field is notoriously used for free form
annotations that are very difficult to parse in a
database setting. When collecting data from separate
sources it seems somehow necessary to assess the
reliability of data, even in those cases when all
datasets are of the same type (Gandini et al. 2008, 3-
4), a condition which does not hold for our study.

Uncertainty extends to another type of data,
geographic coordinates: in fact, some of them were
surveyed directly on the ground with a GPS device,
some other were identified on the basis of published
topographic maps, but in some cases only raster
imagery was used to obtain the position of
archaeological sites. Furthermore, rescue excavations
are almost always “positioned” with the indication of
the land plot (oikopedo) that is not straightforward to

pinpoint on a map. Older reports may indicate hotels
or buildings that no longer exist; roads and village
names only provide a generic reference. Therefore, the
source and accuracy of geographic coordinates was
recorded along with the actual data, both as a reminder
that further work is needed for some records and also
in case other researchers were to use our dataset in the
future. Pleiades uses a similar approach.

Rather than trying to categorise a site according to a
predefined typology (e.g. town, village, etc.),
describing a type of “settlement” as a whole, the
evidence table is made to record the low-level
category of functional evidence: graves, production
areas, residential areas, religious buildings, and
infrastructure. An excavation or survey ‘“site” can be
associated with more than one of such categories, each
with their own chronology as seen in the screenshot
for the “Pretorio” in Gortyna (Fig. 3). This approach
has the advantage of avoiding a bipolar scheme of
“urban” versus “rural” sites, particularly for the period
from the 7th century onwards for which it would be
misleading (Veikou 2009).

Finally, keeping places and locations as separate
objects in the database was useful for recording those
pieces of evidence that are not precisely located (e.g.
finds that were moved long ago to a museum) but still
need to be recorded.

4. GIS environment and tools

We created a GIS working environment using QGIS
(versions 2.0 and 2.2), a well-known open source GIS
package that is widely used in archaeology. QGIS
enabled us to take advantage of the underlying
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Figure 4 QGIS screenshot of the editing form for “place” (Matala). On the left the sub-form with “locations”.
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Figure 5 Map with diagram overlays at recorded sites. Bar charts represent chronology and confidence. Each
color bar corresponds to one century: 4th (red), Sth (orange), 6th (yellow), 7th (green) 8th (blue), 9th (purple).

capabilities of Spatialite (version 3.1 and 4.1).
SpatiaLite is a truly relational database, unlike the
popular Shapefile, but retaining much of its simplicity
because it is file-based and no client-server setup is
needed. The relational database schema we created is
based on standard practice, with one-to-many
relations between tables (place, location, evidence,
bibliographic reference) and foreign key constraints.
Only one of the database tables contains spatial data
(location), but QGIS can load both spatial and non-
spatial tables from various data sources, including
Spatialite and SQLite databases. Joins and foreign
key relations between tables/layers are managed from
the properties of each layer, without need for third-
party plugins. The recently released 2.2 version has an
automatic form generator that creates “sub-forms”
directly within the editing window (as shown in the
screenshots, Fig. 3 and 4).

Other features of QGIS that we used include various
styling and labelling tools based on data attributes, and
more advanced mapping techniques such as
reprojection and diagram overlays. Map reprojection
was necessary due to the diversity of base data, some
in geographic reference systems (EPSG 4326), some
in cartographic reference systems (EPSG 2100 —
Greek Grid). The point data in our database is stored
as geographic coordinates in EPSG 4326 (WGS 84)
but maps are made using the EPSG 2100 projection.
Reprojection of vector data is made in QGIS.

Diagram overlays are a data visualisation technique
where diagrams (typically bar charts or the less useful
pie charts) are associated with each point on the map.
In our case, only the subset of sites for which the
collecting of data is already completed is shown (Fig.

5). Diagrams are based on the “chronology and
confidence” data, where each bar corresponds to one
century. While this map is more cluttered than a set of
simpler maps, each containing only sites that were
occupied during one century, we found it useful
because colors provide a general overview that is
otherwise difficult to obtain.

5. Data analysis

Based on this preliminary work and the ongoing
collection of data, we found QGIS together with
SpatiaLite capable of acting as a complete platform to
record data and also as a testbed of interpretative
models — a task that we are still pursuing at this time.
Models under study are those typically associated with
the study of settlement patterns: walking distance,
inter-site visibility, relationship with sea and land
communication networks. One such example is shown
in the bar chart (Fig. 6), with the average site distance
from the coast, by century. In the later period coastal
sites become less widespread: by observing the
general changes in the Mediterranean at this time, the
Byzantine Empire is seen shrinking to the Aegean area
and the central Mediterranean, while Africa, Egypt
and the Levant come under Arab rule. The
development seen in fig. 6 is therefore significant to
understand this general phenomenon, even though
only a preliminary appraisal is possible at the time of
this writing.

These models can be defined with regard to the
database as SQL queries of varying complexity, but
the basic idea is that these queries can be run directly
on the raw data. The barchart shown in Fig. 6 is based
on a spatial query using the ST Distance() and
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ST Collect() functions. ST Collect() creates a single
geometry collection from all its arguments, in our case
all the LINESTRING objects that make the coastline
of Crete (with many small islands), loaded into the
database. ST Distance() returns the minimum
distance between two geometric entities: in this case,
the coastline and each point representing a site. This
same procedure can be run for any other analysis
based on vector data. Other methods are available
directly from QGIS, such as sampling of raster layers
(e.g. to obtain average elevation at a site from a DTM).

0 I I I I I I
4th 5th 6th 7th Bth 9th

Century

w

w

N

Average distance from coastline (km)

-

Figure 6 Average distance of sites from coastline, by
century, in kilometers. In the later period coastal sites
became more rare.

Conclusions

The combination of QGIS and SpatiaLite allowed us
to develop a complete GIS environment, capable of
recording data according to the needs of the main
research project, including geospatial data. A layered
data model was necessary in order to avoid assigning
arbitrary values to old data from published literature
and such a model was created and successfully
managed in the same GIS environment. Data are
archived in a SpatiaLite database file, that is both
easily shared and in open format, compatible with any
GIS software. Finally, based on the current state of the
collected data, various exploratory analysis
techniques were used to gain a better understanding of
the changes occurring in Cretan landscapes during the
period from the 4th to the 9th century.
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3D PSEUDO GPR SECTIONS BASED ON NORMALIZED DIFFERENCE
VEGETATION INDEX VALUES: FUSION OF OPTICAL AND ACTIVE REMOTE
SENSING TECHNIQUES AT THE VESZTO-MAGOR TELL, HUNGARY
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Hepilnyn/ Abstract

H yprion Aemiokdnnong pe omtikovg 1 wafntikoVs 0EKTEG Exel eVPEmG d10d00el Yio TOV EVIOTIGUO VIESAPLOV
apYOoAOYIKOV Katoloimtwv. Op®c 1 ouvovacpévn XPNoTN ETLYEIV QAGLOTOPUSIOUETPMOV, VYNANG YOPIKNG
avaivong S0puPOoPIKAV dedolEVEOV OAAG KOl ETLYELOV OESOUEVOV POVIAP OTNV OPYOLOAOYIKY €pevva givol
akoun apketd mepropiopév. Emiysieg petpriosig and eacpatopadiopetpa kot dedopéva pavtdp (GPR) €xouvv
nmapBel amd ™ 0éom Vészto-Magor Tell, mov Ppioketor oto votoavatolkd dkpo g Ovyyapiac. Ot
VIEPPUCUOATIKEG UETPNGELS OVAKAUGTIKOTITOG OTO TO (OOUATOPASIOUETPO £XOVV TPOGOUOIDOEl 6TO dopLEOPO
GeoEye-1 kat akoAovBwg vroroyictke o dgiktng NDVI. Toco o deiktng avtdg 660 Kot T0, ATOTEAEGLOTO OTTO
ta GPR éyovv yopiotel og 10 KAGoelg e 6komd va pelwbel 0 VTOAOYIOTIKOG POPTOC. XTN cVvEKELa, pe Pdon
avTad T dedopéva dnuovpynnke o mivakag wilBavot TV pe Bdon Eva pikpd delypa and TV Kown mEPLOYN
peiéne. Me autdv tov tpomo ya kébe Pébog (20 cm), yio Toun| amd 0—2 m gxet vwoAoyiotel n mBavoTnta Peri
|npvi). O mivakog mbavotitov npofAndnke otn cuvéyeia ot dopupopiky ikove GeoEye-1. Ta amotelécporta
delyvouv 611 10 TpLodidotato yevdo GPR amotéleopa eivar oe Béon va TovTioTel e TIC ENlyEles YE@PUOIKES
SIOKOTNCES OGS EMIGNG KO VO ¥pNoLpomondet Yo vo eVIOTIGEL VEEG TTEPLOYEG LE UPYALOAOYIKO EVOLAPEPOV
TNV TEPLOYN.

Optical and active remote sensing techniques have been widely used for the detection of buried archacological
remains. However the integration of ground spectroscopy, high resolution multispectral imagery and ground
penetrating radar (GPR) is still very limited. In this paper an attempt to integrate the above mentioned techniques
is presented. Ground spectroradiometric and GPR measurements have been simultaneously collected at the
Vészto-Magor Tell, located in the southeastern part of Hungary. The narrowband reflectance values of the
spectroradiometer have been resampled to simulate the GeoEye-1 satellite, and then the Normalized Difference
Vegetation Index (NDVI) was calculated. Both NDVI and GPR depth slices (depth interval 20cm) were
classified into 10 classes in order to reduce the computational time. Therefore for each depth (20cm) from 0—2m
below surface, the probability Ppri |npvii Was estimated. This probability aims to predict and map the presence
of GPR anomalies (e.g. archaeological underground targets) based on the a-priory knowledge of the NDVI
index. This probability matrix was then projected to a high resolution satellite image (GeoEye-1). The results
have shown that the 3D pseudo GPR sections as retrieved from the GeoEye-1 image were able to verify the in
situ geophysical prospections as well as to identify potential future GPR measurements in other areas of the tell.

Keywords: 3D pseudo GPR section, fusion, ground spectroscopy, probability matrix.

Introduction

In the last years high resolution satellite images have
been systematically used for the support of
archaeological research (Laet et al. 2007). Many
researchers have been able to exploit the visible and
near infrared part of the spectrum in order to detect
possible archaeological marks in satellite images
(Masini & Lasaponara 2007, Cavalli et al. 2007).
Ground spectroradiometric measurements have been
suggested as an additional way for supporting

satellite analysis results or for ground truthing crop
marks (Agapiou et al. 2010, 2012). In the verification
of the suggested features observed in satellite
images, geophysical measurements, including ground
penetrating radar (GPR) are able to provide 3D
information about these relics (Cardarelli & Filippo,
2009, Papadopoulos et al. 2010, Sarris et al. 2012).

Although remote sensing prospection techniques are
able to provide valuable information, these practices
have their limitations. Geophysical surveys can
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provide 3D data at different levels but their spatial
extent is rather limited compared to a satellite image.
In contrast, satellite images along with ground
spectroradiometric measurement are able to provide
only 2D information of the surface. Accurate spectral
profiles are able to be collected using the ground
spectroradiometers while satellite data may suffer
from atmospheric effects.

In this paper an attempt is made in order to provide
3D pseudo GPR sections over large areas in the
Vészto-Magor Tell by integrating the previous
mentioned techniques. The paper is organized as
followes: at first a brief description of the case study
area is given. Then the methodology followed is
explained. The paper ends with the preliminary
results of this study.

The main idea of the methodology followed in this
paper is to create a probability matrix between
ground measurements and then apply these
probabilities to satellite images.

1. Case study area

Vészto-Magor Tell (Fig. 1) is located on the
southeastern Great Hungarian Plain (Békés County)
in a meander loop of the Holt-Sebes-Kords River.
The Tell is composed of cultural and natural layers
rising to a height of about 9 m above mean sea level.
Systematic archaeological investigations of the site
began in 1968. The site became one of the Hungarian
National Parks in the 1980s. Currently, in addition to
the archaeological museum located within a historic
wine cellar, the 1986 excavation trench is also visible
where a number of features from different periods
remain in situ (Sarris et al. 2012)

p—

o

Figure 1 Photograph taken from the Vészto-Magor
Tell during the field campaigns.

2. Methodology

In situ spectroradiometric measurements where
collected at the northern part of the tell (see Fig. 2,
red polygon) using the GER 1500 spectroradiometer.

This instrument has the capability to record the
electromagnetic radiation from 350-1050 nm with
1.5nm interval. The measurements were taken every
I m along S-N transects which were spaced 2 m
apart in W-E direction. An area of 2600m? (100m x
26m) was surveyed with the ground spectro-
radiometer. In total more than 1200 measurements
were collected. In addition, magnetic (Bartington
G601 fluxgate gradiometer), EM (GEM-2 Geophex)
and GPR (Noggin Plus of Sensors&Software with
antennas of 250MHz) measurements have been
collected in a broader area (see Fig. 2). Sampling was
every 1m with 5 different frequencies (5010, 10050,
20010, 30030, 40050 Hz) for the EM measurements,
0.5m for the magnetic measurements and 0.25m
along parallel transects of 0.5m aparrt for the GPR.
Processing of the geophysical data included the
creation of mosaics, grid and line equalization
techniques, compression of dynamic range and the
application of directional filters. Processing of the
GPR transects was carried out by first selecting the
first peak signal for each transect and then applying
AGC, Dewow and DCshift filters aiming to the
enhancement of the reflected signals. (see Sarris et
al. 2012).

i A
Figure 2 Left: Entire area of the Vészto-Magor Tell
covered from the different remote sensing
techniques; Grey and blue polygons indicate the area
covered from the geophysical surveys (GPR and
magnetic respectively) while red polygon indicates
the area covered from ground spectroradiometer. The
whole area of the Tell was also captured from
satellite images (not indicated with polygon). Right:
Detail map from the common area covered from all
remote sensing techniques (geophysical; satellite
image; ground spectroradiometric measurements)
(background Google Earth) (Sarris et al. 2012).

The in-situ spectroradiometric measurements were
then recalculated based on the Relative Response
Filters of the GeoEye-1 sensor. Then the NDVI index
was retrieved. Both NDVI values and GPR (20cm
interval depth) were then classified into 10 classes in
order to minimize the computational time.

A relationship matrix between NDVI and GPR
classes was defined in the common area using
probability statistics. Therefore, for each NDVI class
the probability Ppri |Npviy was estimated. These
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probability values were then applied to the satellite
image (i.e. NDVI of GeoEye-1).

3. Results

Based on the above methodology, the results from
the five steps followed are presented below:

3.a Step 1: Spectral convolution of the in-situ
spectroradiometric measurements based on the
Relative Response Filters of the GeoEye-1 sensor.

A handheld GER-1500 field spectro-radiometer was
used, in order to retrieve the spectral signatures of
the vegetation (low grass) in the area. Reflectance
(see Fig. 3) was calculated as a ratio of the target
radiance to the reference radiance. The target
radiance value is the measured value taken on the
surface of the vegetation; and the reference radiance
value is the measured value taken on the standard
Spectralon panel, representing the sun radiance,
which reaches the earth surface without atmospheric
influence. As it is shown in Fig. 3 reflectance
differences can be observed over the vegetation of
the area, especially in the VNIR part of the spectrum
(720-900 nm).

reflectance (%]

o ™ s a0 £ £ W )
Wavelength (nm)

Figure 3 Typical spectral signatures taken with the
ground spectroradiometer in the Vészto-Magor Tell.

Using the Relative Response Filters of the GeoEye-1
sensor (Fig. 4) the above narrow band reflectance
values were used in order to calculate the broadband
reflectance values of vegetation (i.e. Bands 1-4 of
the GeoEye-1 sensor). Therefore the point samples
from the spectroradiometric campaign can be
interpolated to a continue surface-image using the
Inverse Distance Weighted (IDW) algorithm (Fig. 5).

GeoEye-1 Relative Spectral Response
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Figure 4 Relative Response Filters of the GeoEye-1
sensor.

Band 1 Band 2 Band 3 Band 4

Figure S Visible and Near Infrared bands, of the
GeoEye-1 sensor, as derived from the ground
spectroradiometric campaign.

3.b Step 2: Calculation of the NDVI index and GPR
sections.

Both red and NIR bands of Step 1 were used in order
to calculate the NDVI index in the Vészto-Magor
Tell area using equation 1:

NDVI = (pNir-Pred) / (PNIR+Pred) [eg. 1]
Where:

pnir = reflectance of the NIR band
prea = reflectance of the red band

The value of the NDVI index ranges between -1 to
+1. A 2D as well as a 3D presentation of the results
are show in Fig. 6.
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o

Figure 6 2D and 3D view of the NDVI index.

Finally, horizontal depth slices from the GPR
measurements at different depth levels were created
from the original vertical sections assuming a
velocity for the electromagnetic waves equal to 0.09
m/ns (estimated through hyperbola matching
techniques) (Fig. 7).

Figure 7 GPR depth slices at different depth levels

3.c Step 3: Probability matrix P(GPRi | NDVIi)

From the common area of the GPR and the
spectroradiometric measurements (see Fig. 2, red
square) the probability matrix P(GPRi | NDVIi) was
estimated. For computational reasons the NDVI
image (Fig. 6) was classified to 10 classes using the
K-means classifier. The k-means clustering aims to
partition n observations into k clusters in which each
observation belongs to the cluster with the nearest
mean. The same procedure was also applied for the
GPR sections. Therefore each NDVI class has a
different probability to “match” with the different
GPR classes and for the different depths. The total
probability combinations are consequently 10 x 10 x
10 = 1000 (10 NDVI classes; 10 GPR classes; 10
different depth levels 0—2 meters, 0.20m interval).

An example of the probability matrix P(GPRi
|NDVIi) for the depth level 0—0.20m is shown in
Table 1.

NDVI GPR measurements

Low High
Low .02 .02 .01 .02 .01 .02 .03 .10 24 52
.01 .03 .04 .05 .07 .09 12 .20 .19 .20

.02 .07 .10 .10 .09 .08 .10 17 .16 .10

.01 .08 11 16 12 .08 13 .10 13 .08
.03 .10 17 .19 15 .08 12 .07 .06 .04
.05 15 .19 A8 13 11 .08 .04 .04 .03
.08 18 23 .19 12 .07 .06 .02 .02 .02

.06 21 22 A9 13 .09 .06 .01 .01 .01
.08 22 24 .19 12 07 .04 .02 .01 .00

High .10 24 23 Jd6 11 07 .05 .02 .01 .01

Table 1 Probability matrix of NDVI and GPR values
for a depth 0—0.20 cm below surface.

Fig. 8 (right) shows an example of a probability
P(GPRi | NDVIi) image for the 40—60cm depth. The
already excavated site at the Tell was excluded from
this analysis (see Fig. 8, left) since the algorithm is
valid only in vegetated areas.

Figure 8 Example of probabilities P(GPRi |NDVIi)
for 40-60cm depth level. White values indicate high
probability while black values low probability
(right). The area examined in this study indicated
with yellow colour (left).

3.d Step 4: Application of P(GPRi |NDVIi) to the
GeoEye-1 satellite image.

In the final step, the GeoEye-1 image was used.
Initially the NDVI index was calculated again for the
satellite image and then a classification was made
using the k-means algorithm. The 10 new classes for
the NDVI values in the satellite image are shown in
Fig. 9.

It should be noticed that the GeoEye-1 image had an
overpass after a few days from the field campaigns.
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Therefore similar classes are expected both in the
satellite image as well in the spectroradiometric
campaign.

Figure 9 The NDVI GeoEye-1 image after the k-
means classification (10 classes).

Finally, the probability matrix from step 3 was
applied to the NDVI GeoEye-1 image. Hence ten 3D
pseudo GPR depth slices where created from 0.0—
2.0m depth below surface using a 20cm depth
interval. Each of these images corresponds to the
possibility to detect GPR anomalies at a specific
depth. Fig. 10 (left) shows the common area where
the real GPR measurements have been carried out
while Fig. 10 (right) displays the corresponding
pseudo GPR results. Differences between real and
pseudo images are expected since the 3D pseudo
information is retrieved from the 2D NDVI data.

GRR section 0.90-

Figure 10 Left: GPR section of 0.90-1.00 meter as
recorded from the geophysical survey. Right: 3D
pseudo GPR section at a depth of 0.80—1.00 meter
below surface.

However, the benefit of this approach is the fact that
the pseudo GPR image can be further expanded to
the entire area of the archaeological site. For instance
Fig. 11, shows the results from the pseudo GPR
section of 60-80cm below surface (right), based on
the NDVI values of the GeoEye-1 image (left). As it
is presented further to the areas which have been

measured with geophysical instruments other
sections of the site to the south are also promising.

Posibility

full

-

Medium

=
I o

Depth 60-80 cm bel nd - ¢
_NDVI 2 1D pseudo GPR section NDVI values

Figure 11 Left: NDVI profile of the GeoEye-1
image. Right: 3D pseudo GPR section at a depth of
60—-80 cm below surface.

Using the different ‘layers’ of information a 3D
model can be created. As it is shown in Fig. 12 the
3D model can be interpreted by the experts in the
same way as the GPR 3D models. This approach
gives a new perspective to the researchers dealing
with the detection of buried archaeological remains.
In addition, in Fig. 12 details from the 3D pseudo
GPR model and from the GPR section tend to give
similar results.

This highlights the benefits from the abovementioned
methodology proposed: using satellite images a 3D
pseudo GPR model can be applied to detect some
promising targets in extended areas. These targets
can be then examined using ground techniques (e.g.
GPR), while the results can be integrated again back
to the methodology for a new probability matrix.

Conclusions

This paper aims to integrate different remote sensing
techniques, both optical and passive in order to
exploit further their capabilities. 3D pseudo GPR
depth slices were able to be mapped based only on
NDVI images. These values were initially calculated
on ground spectral signatures and geophysical
campaigns.

The proposed methodology can be used as a first step
to detect high priority areas for GPR measurements,
while near real-time GPR measurements can be
incorporated into the possibility matrix in order to
improve the final GPR pseudo images.

Several vegetation indices can be further examined —
in contrast to the NDVI index presented here — or
more complex algorithms can be evaluated during
the development of the probability matrix.
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Figure 12 Above: 3D model of the pseudo GPR
product. Below: Detail of the 3D model and
comparison with the magnetic results. The section of
the magnetic map covers 120x120 square meter
towards the north of the tell.
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ATAXEIPIXH APXAIOAOT'TKQN AEAOMENQN ME TH XPHXH
IT'EQI'PA®IKOY XYXTHMATOX IAHPO®OPIQN
H IIEPIIITQXH TOY ITHAIOY

A. ATNOYZIQTHZ! KAI K. BOYZAEAKHE!

VI Egopeta Ipoictopikdv kot Khacikdv Apyoiotitov, Borog, EAlada.
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Hepilnyn/ Abstract

H molvmlokdtta kot 10 7AN00C TV TANPOPOPUOV TOL OMOLTOVVTIOL 1| TOPAYOVIOL KaOnUepwvd oTig
apyooroywkés dpactmpotnteg piog Eeopelag Apyootitov odfynce oty TAOTIK €QOppoyn &vog
TPOYPAUILOTOS CLYKEVIpMONG Kot emegepyaociag tovg pécw g teyvoroyiag G.I.S., pe medio epappoyng v
meployn tov [nAiov. Ilpaypotomombnke 1 yneomoincn @V yopTOV TOL YPNCILOTOVVTINL ¢ LVITOBadpo,
oxedlioTnKe o OomA Kol g0ypnotn Pdon Oedopévav pe SIOIKNTIKG, YE@YPOQIKE, opYololoykd Kot
TOTOYPOPIKA ded0pEVE KOt cLUVOVAGTNKAY Ol TO Topandve o pio epappoyn G.L.S. pe yvopova v amkotnta
™G ¥PNONG Kot TV apecodTTa TG TAnpogopiog. TIpdkettat yia (o EQaproyn mTov Umopel va ypnoiponomet
7060 GTO YPOPEIO Y10 7O TOADTAOKEG KOl AULTNTIKEG EPYOCiec, 660 Kol 6To Tedio. LTV avaKoivwor Toiyov
TAPOVGLAGTNKAV TO TOPATAV® Kot ToL LEXPL CUEPO OMOTEAEGLLATO [LE TPUYULATIKA SESOUEVA KOl OE TPOYLLOTIKES
ouvinkeg epyaciog, amd v mepoyn Tov IInAlov.

The complexity of information produced daily during the archaeological activities at an Ephorate of Antiquities
led to the development of a GIS project for collecting and processing data, focusing on the area of Pelion. The
operation, the benefits and the limitations of such a system are described in the paper. The specific application is
deliberately simple in order to be easy to use by anyone at the office and the field. It keeps archaeological and
administrative information related to the area of Pelion, produced by the everyday archaeological activity and
processing of the data.

Aéerc Kierdia.: TInho, Mayvneio, II” EITIKA, G.P.S., G.L.S.

Ewayoyi

To o6pog Mo pe vyopetpo 1624 ., Ppioketor oto
avaToAKOd akpo g Mayvnoiog kot Ppéyetar and Tpelg
mAevpéc (avatoAr), dbomn kot voto) amd OBdhacoa, Tov
[Moyaontikd k6ATo ko to Atyoio méAayog. I'ewAoyikd
amoteAeiton Kupimg omd oylotoMbo kol v pépel amnd
acBeotoMbo. H Prdomon mapovoidlel a&loonueinm
Blomowdotnto, omd  mepoyés pe  OBapvaveg péxpt
dooddelg ektdoelg kvplog Kaotovidg Kot dpvdc. To
KApo Topovctdlel £vioves SIIKVLUAVOES TOGO HEeTALD
SLPOPETIKMY EMOYMV OGO Kol HETAED TOPAA®V Kot
OPEVOV TTEPLOYDV.

1. To wTopIKé KO TO TAMIGLO TOV OPYOULOLOYIKAOV
gpevvov oto o

Or opyavopéveg apyotoloyikés €pevveg oto Mo
Eexivnoav otig apyég tov 20 awwva (Wace 1906,
ApBavitémovrog 1906) kot ocvveyiCovior péypt onuepo
(Adpoun 1992, 1993, 2001, Bovla&axkng vd €kdoon o,
B, v, Marzolff 2006, Ivt{eciioyrov 2010). Qotdoo,
amodeiynkov dOoKoAEG dlaypovikd, AdY® KLPIOG TOL
dvofatov ™G mEPLOYNG, TOV UEYAADV OTOGTACEDMV
peta&d TV Spdpov TEPLOXOV AAAG KOL OO TO AGTIKO

Kkévtpo Tov Borov, 6mov Ppioketar avékabev 1 £6pa TG
Epopelag Apyoromjtov (II" EILK.A.), Tov dvckolov
001KoD SIKTVOL KOl TOV OKPOI®V KOUPIKOV CuVONKOV
KUPl®G OT1 SLAPKELD TOV YELLADVOL.

Ytov opewd oyko tov IIniiov meprhapPaveror évag
peydAog oplOpog Yopudv Kol GAAOV  UKPOTEPOV
OIKIGU®V, YEYOVOGC OV GULVETAYETOL Wio GYXETIKO £VTOVN
O1KOOOUIKT OPUGTNPIOTNTA, TAVTOYPOVE, LIE TNV EKTELECT
dnpodciov épynv kowng oeekeiog (mw.y. odikd diktva,
diktvo VdpegLONC) KOl TNV TPAYLOTOTOINGN TOKIA®V
OIKOVOUIKOV  dpacTnPotTtov  (aypOKTNVOTPOPIKES
povadeg, Aatopeia, Kepaieg Kvnthig Aepoviag K.A.T.).
Avtd ocuvemdyetal [ OEPE OITNOE®V OTNV OpHOdLa
apyororoywn vmnpecion (II" EIKA) yuw £€yxpion
exTéleons €pyov amd TALLPAG NG  OPYCLOAOYIKNG
vopoBeoiag (Ew. 1). H tomkn dwadikacio apyotoloyikond
eréyyov meplrapuPdver v €£€TOOM  TOTOYPOPIKMV
SWYPOUUATOV KOl TOVG  YOPTOV, TNV TPOSTADELN
GUGYETIGUOV TNG CLYKEKPIUEVNG BEONG LE KNPLYUEVOLG
N GAlovg yYvemoTohS  OpYOIOA0YIKODS YMDPOVE, TNV
avalnon YvooT®v TANPOPOPIDOV Yo TV TEPLOYN Ao
™ Biprloypaio kot v €pevva 6TO apyeio eyYpPAO®V
Y. avevpeon aviroymv vrofécewv mov oyetilovial [e
™MV TEPoYn  EVOLOPEPOVTOS,  TMPOKEWEVODL v

AI'NOYZIQTHX & BOYZAEAKHX
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akorovOnoer M Swdwacio ™G avtoyiag Kot TNG
EMTOTLOG EPELVAC,.

2004000 BO00 12000 600 2000 €  Enueia auTowiiv

®  Inpeia apxaiohoyikol evBIapEPOVTOE

Ewdéve 1 Xaptng [Inkiov pe ynoakd poviélo £3dpovg
(DEM) kot onpempévo OAa ta onueio apyoioAoyikon
eléyyov g terevtaiang tetpoetiag (£400).

la. Ta wpofrpoto TG £pevvag

Q01000, 0 EVIOMIGUOG TOAADYV OPYOLOAOYIKAOV YDP®V
amd TOAOTEPEG OPYALONOYIKEG EPEVVES, TOPAUEVEL
QKOO KOl GNILEPOL APKETE TPOPANLOTIKOC AOY® EAMTTOV
otoyeiov Tekunpioong. Xoapokpiotikd mapddetrypo
OOTEAOVV Ol OVACKAPIKEG £PELVEG TOV ATOGTOAOL
ApBovitomoviov oty wmepoy] s Kopdang
(ApBovitomovrog 1906, 123 war 1907, 175) ot ot
Xavia (ApBavitomovrog 1911, 305) otig apyég tov 2000
advVa, OToL amOKOADEONKaV 600 CMUOVTIIKA 1Epd TNG
apyaiog Moayvneiog, Tov Koponaiov ATOAA®VOG Kol TOV
Axpaiov Awog avtiotorya. AANOTE TWAAL, OVIYLOTIKEG
glval Kol Oplopéveg KNPLEEIG OPYOLOAOYIKDV YDP®V
TOALOTEP®V ETMV, OTLS OTOiEG dgv cuumepAapavovtay
OMOCTAGHLOTO YOPTOV 1 OULVIETOYUEVEG Kol €TGL O
EVIOMIOUOC TOV YDOPOV OVTOV dev glxe emttevydel néypt
Kol ofuEpE, OM®S Yo mapdderypo 1o EPpardxactpo
KOVTé 6Tov 0KIopHo tov Ayiov Anunrpiov (Wace 1906,
152, Awmng 2010, 13-1143) 7 100 ommActo. TOL
Yapaxnvod (Oegoyapng 1967, 50-51) xkor tov Ayiov
Bhooiov (Y.A. 21220/10-8-1967, ®EK 527/B/24-8-1967). Télog,
avelyviaoTeg TOPEUEVOV KOL Ol TEPIMTOCEL; OTADV
AVOPOPMY Y10 TNV VIOPEN UPYULOTTOV GE TEPLOYXES TOV
IInAlov amd maAOTEPOLS GLVASELPOVG 1 aKOUn Kot
amd TOMTEG, OTMG Y10 TOPAdELY Lo 01 BoAwTOl TAPOL 6N
«Aéoyrovny»  (ApPavitomovrog 1911, 292-294) 7 ta
mpoictopikd  epyareion amd TN «Xovopn Appo»
(Bovla&akmng vrd €kdoon 6).

1B. H avadwopydveon g épevvag

Amd 10 2006, Eekivnoe o, GLUOTNUOTIKY TPOCTADELL
NAEKTPOVIKNAG KOTOYPOPNG OA@V TOV  OPYOLOAOYIK®DV
TANPOPOPLDY, TAVTOYPOVA. LLE TNV KOTUYPOET Kol LEAETN
TOV 0PYOLOAOYIKMY EVPNUATOV, TTOV EYOVV TPOKVYEL A
mv pakpoypovn Epevva g mepoyng (Bovla&dxng vrd
ékdoon 9). Zyedov opéowg kpidnke omopaim 1
avanTuén €vOG CLGTNUATOS NAEKTPOVIKNG KOTOYPUPNG
Kol TEKUNPIOONG TOV  TOALAPIOU®V  OpYOLOAOYIKMV
QLTOYLOV KOl TEPLOOELDV GE OYPOTELUYLOL KOl TEPLOYES
tov IIniiov, mpokewévov ot mANpopopiec 7oL
Tpoékumtay KaOe Qopd va unv yévovtol pe v mhpodo
TOVL XPOVOL KoL TNV EVOAALYT TOV EPEVVIITAOV KOl ETIONG
va kafiotavtol ové mioo oTiyu g0KoAn TPOSPacileg
Kot 0EL0TOGLLEG.

'Eto1, og mpdTo £mimedo €ywve pio evVIOTIKY TPOCTADELL

GULYKEVTPOOTG KOl 0pyel0B€tnong OOV TV dAcToPTOV
APYOLOAOYIKOV TANpOPOPLOYV Kot dedopévev amnd To
TapeABOV e TOVTOYPOVI OMOTMEPE EVIOMIGHOD Kot
avakmnong OA®V  TOV  OPYOOAOYIKOV  YDP®V-
KPOVTAGULATOVY», OV ELYOV VIOTEGEL GE AVUTOANWIO KOl
elyov mAnyel kopiog and ™ AN6n oto mEpaoua TOV
ypovov. Ilap’ oOleg T mpoomdbetleg oumsg, T
npoPfuata dev Eemepdotnkay gdkoia. O eviomiopdg
TOV 0£0E®V KOL O GUGYETIGUOG LE TOVG OPYOLOAOYIKOVG
ydpovg eEakorovbovoe va amoteAdel pia Swadikacio
xPovoPopa, SVGAEITOVPYIKT], EXIGPAAT] KO TOAAEG POPES
avarmotedeopatiky. Kot ovtd ywoti ot minpogopieg
avtlodviov  Kupiwg omd  OMOCTACUOTO  YOPTOV,
TOTOYPOPIKA SLOYPALLLOTO KO 0O0UTOPIKA CKOPUPTILLATOL,
mov TWOMEG Qopéc elte dev  mepielyav  kaBOAov
OUVTETAYUEVEG  EITE  AVEQEPOV  GLVIETOYUEVEG OO
SlPopeTIKd TOAAEG QOpEC Un eSapTnpéva GLOTHLOTA
avapopdc. Me ) Borfsia TOVPIOTIKOV YOpTOV, 01 0Toiot
ftav mo edypnotol oto medio, ywotav TPocmadeln
EVTOTIGLOV T®V 0€0EmV, ®GTOGO AOY® TOL SVGPRATOV TNG
neployng M mpoondbeto avty anéPfave Kot AL TOAAEG

QOPES AKaPT).

Kamoteg @opéc mponyodviay cuvevvonen pe Tov 11dt
Yy v vodelEn g Béong, o omoiog OPMG dev NTOV
mavta  dwbéoyog, pe ovvémeww TNV oduvopio
TPOYPOUUATICLOD TOAADV OVTOYLOV TNV dta pépa Kot
mv kaBvotépnon oy dleknepaimon Tov vrobEécemy.
Emumdéov n éAdewym nAektpovikig apyetofétnong tov
VoBécE®V KOl MAEKTPOVIKNAG YOPTOYPAPNONG  TOV
aVTOY1OV KabioTovGaV 1d1aitepa SVGYEPT TO GLOYETIOUO
vroBéce@v omd TNV S0 TEPLOYN, ME OMOTEAECUO TN
Ste€aymyn ETOVEIAUUEVOVY EMTOTIOV EPEVVAV o€ BEGELG
7ov glyav 101 ereyyOel katd to TOPELOOV.

1y. H pé6odog

Me Bdon kot a@opun TO TOPUTAVE OTOPOCIGTNKE VO
EPAPUOCTEL £VOG TO EVEMKTOC TPOTOG TPOCEYYIOTG TG
KOOMUEPIVIG OPYOLOAOYIKNG EPYOCIOG OTO YPOQEIO Kot
070 TEdi0 KoL TAVTOYPOVA Vo dnpovpynOel pio amky Kot
Aertovpykn| Pdon dedouévev pe Ola ta otolyEion owTNG
™G epyaciog, M omoin mive omd Oho Ba pmopel va
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mapapeivel yPACYLN KoL KOTOVONTH KOl GTO OTMTEPO
péAAov.  Xrpagnkape  Aowmdv, oV OWPK®OG
eEeMocOUEVT] YN OLOKY TEYVOLOYin, 1 omoia To. TEAEV TN
XPOVIQL €YEL TPOCPEPEL APKETE TPOGITES OUKOVOLKE Kot
TEYVIKA ADGEG OTO HEGO YPNOTN, EVO TApPGAANA
VIOCYETOL OAOEVA KOl PEYoADTEPEG duvatdtntes. Koplo
péANUe vanpée 1 emAOY  EQPUPUOYDV TOL  Eivat
Stodedoévec, TPOCITEG KOL MOV VO UTOpel va TIG
APNOYOTOMoEL E0KOAN £vag un e0KOS ¥pNOTNG.

o
A
A\

*  Fnueia autoyimv
Znucia apxaiohoyikoU evOIapEPOVTOG
Apxaiohoyikdg Xwpog mpog opioBéman
[ Opia oUyxpovou oIKIGHOU
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Ewoéva 1 TIIqho. Tepoyn Xoéptov. IMapdderypo
GLVOVOGTIKNG ATEIKOVIONG TANPOPOPIDV.

H mpoondbeio Eekivnoe and o amdy PBaon dedopévav
Baocwopévn oty Access tng Microsoft, 6mov
GLYKEVTPAOVOVTOL OAEG OL TANPOPOPIEG TOL TPOKVITTOLY
KaOnuepva KuPpIOE ®G GUVETEW TOV OUTNOEMV TOV
TOMTOV  KOL TOV  OPYOIOAOYIKAV — OVTOYI®Y 7OV
devepyovvtar ot ovvéyewe. H PBdon ovt xpatrinke
OKOTlo, 6€ TOAD OmAO KOl OTOlEWmdeS eminedo,
TPOKELLEVOD VOl ELVOIL EDKOALN OVTIANTITH KoL VO UTOPEL VL
xpnoyomomBel and 6Aovg. Zvvdvalel TAnpopopieg TV
gyyphoov mov kototiBevion oty Yanpecio 1
mapdyovior  omd  ovt]  (UTNOE®V,  OMAVTCE®V,
avVOpTNoEDV 010 TPOYPOLLLLLL ATAYTEIA
(http://diavgeia.gov.gr/), oCUVNUUEVOV T GYETIKAOV
gyyphowv, mopeia diekmepaimong ™  vrodbeong),
YEOYPOUPIKES Ko TOTOYPUPIKEG TANpoQopieg
(ovvtetaypéveg oe ETLA87, Béon oto Google Earth),
S10IKNTIKEG TTANPOQOpPies (ONUOG, OWKIGHOS) KOl TEAOG
APYOOAOYIKES TANPOQOPIEG VTAPENG I LT OPYOUOTHTOV
KO HLL0G GTOLXELDOOVG TPMTNG XPOVOAOYNONG TOVG,.

Ye éva dgbtepo emimedo dmuovpyndnke 1n vIwodoun yio
TN XPNOWOTOINoN HEPOLG 1 KOl TOL GULVOAOL TMV

TAPATAVED TANPOPOPLOV péc® Aoyiopkov GIS (Conolly
& Lane 2006, Wheatley & Gillings 2002; Chapman
2006.). Tw v oaxpifeia ypnopomomdnke To
npoypappo. Arcinfo 8.0 (http://www.esri.com/software/
arcgis/arcinfo), ©t0 0m0l0 KOTOOKELAOCTNKOV GEPA
emmédov (layers) omd mAnpogopieg mov pmopoldv va
oLVOVAGTOOY HETOEL Tovg. XpnoyomotovvTol vrofadpa
YOPTOV TOL dNUIOVPYNENKOV GLVOLACTIKA amd TNV
ymotlonoinon dedopévev amd yaptes TG YInpeciag Tov
EBvikod Kmmpatoroyiov (http://www.ktimatologio.gr),
mg [Y.Z. ko and ™ PBdon tov Nudcov avolktmdv
dedopévov (http://geodata.gov.gr/geodata), evd dnpuovp-
mOnkav Kot xdpteg pe €0KEG TANpopopie. Me Tov
Tpomo avtd eivar gdkodo va gvtomiloviol pe PEYAAN
axpifela onueio EVOLOPEPOVTOG ette pécw
GUVTETOYUEVOV €lTE PHEC® EMOKOTNONG TOV YOPTMV KO
TOV 0EPOPMTOYPOPLOV oG TO GOLVOAO TNG TEPLOYNG.
[pénet va onuetmbet 6tL poAg Ta Televtaia 00 mepimov
YPOVID, ©YedOV TO GUVOAO TOV TOTMOYPOUPIKADV TOL
katatiBevtor mAéov omv Ymnpeoia pog  amd TOLG
TOTOYPAPOVS 1| TOVG WUDTEG YPNOLLOTOlEl To cHoTNLL
ovvtetaypévov ETZA87, yeyovog mov dievkoidvel mhéov
TNV GLVOAIKY dladikacio Tov akoAovbeitat.

Metd v apywn polikn el0ymyr] TANPOQOpLOV amd
mv zwpobimapyovoa Pdorn dedopéveov 610 cHOTNUA
YEQYPOPIKOV TANPOPOPLOV, TOPA TAEOV VO LITOPOVV VO,
glooyBovv ce avtd TANPOQOpiEg eite amevbeing site Kot
oAl péow g eEmtepikng Paong dedoudvov pe v
KATAAANAN popeomoinotn tov eloepydpevov apyeiov. H
evedéilo avt amodelynke ypfiown Otav oTAdSIOKA
avéNOnKe 1 TOAVTAOKOTNTO TOV GCUGTAUOTOS LE TN
xprion PDA’s (GPS eMap Garmin, PDA MIO 168) kot
smart phones (pe Aettovpywkd windows mobile 6.1
professional kot android) yw v ewcoyoyn dedopévaov
katevbeiov omd 1o medio, aAld Kot kKaBdg avEdvovtal ot
xPNoTES YWPiG vo glvar avtovonto OtL embvpovy va
gumlokobv  pe w0 obvOeTeg epyaocie UETATPOTNG
YNOWKADV apyeiV.

Y10 T'ewypapikd avtd Tdomuae [TAnpopopidv, Pacikn
povada kataypaeng (record) amotelei kdbe Egxywpiotd
YE@YPAPIKO onueio AP OLOAOYIKOV eléyyov,
yopoktnpiopevo  amd  éva  povadwkd - Cevyog
ovvtetaypévov oe EIXZA87. EmhéyOnke ot eyypopég va
yivovtor pE Tn pHopen onueiov kot Oyl He TOAVY®VO
KkaBmg €tol yivetol mo omAn kot ypriyopn m dwdikocio,
EVO Ylo KGOe OWKOmEDD 1 OYPOTEUAYIO UTOPOVV VO
npootefovy  moAAG  onueion (Kot Katd  GUVETELR
TMEPIOOOTEPEG  €YYPAPEC otn  Pdorn dedopévav) av
ypewdletar va dopopomombody TEPLOYES EVTOG TMV
opiwv Tov pe Paon to evpruata. Emmiéov pe tov tpdmo
avtd Umopovv vo Tomofetnbovv 6To YDOPO aKOUA Kol
LELOVOUEVE EVPNOTA TOV VTOT{oVTal Ot JtdpKeLn
QLTOYIOV, TOL O€ GUVIEOVTOL UE EAEYXO CLYKEKPIUEVOV
WOKTNOIDV.
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Ewoévo 2 EneEepyacia dedopévav oe tepipaiiov GIS

Mopddinio Onuovpyndnkov Kol GOVEXDG EUTAOV-
tiCovtonr Swapopetikd emimeda (layers) pe T popon
TOAVYOVOV [E akpPBelc CUVIETAYUEVEG, TTOL TEPLEYOVY
TOVG KNPLYHEVOLG KL TOVG VO KNPLEN apyOtoA0YIKOOS
ADPOVG, TO OPLEL TOV CVYYPOVMV OKIGU®V (TOAEOSO KA
oxédn), to Stk Tikd Opla Tov Muev (Kodiwpdng
kot Komodiotpilag), tig ypnoeg yng, to diktvo TV
pepdtov Kot To 0d1Kd diktvo pe dwfobuicels Tov 00dv
GUUTEPIAALUPAVOUEV®Y KOL TOV LOVOTATIOV VEOTEPWOV 1|
maAaotepmv. Mmopel €totl va eheyyfel gvxora 1 Béon
KGOe véag vid e&étacm mepPloyNg OE OYECN WE TOVG
VIAPYOVTEG OPYUIOAOYIKOVG YDPOVS, TIG KATO TOTOLG
YEOYPOPIKEG  OlUTEPOTNTEG KoL  TOL  ONUEPWE 1
TaAOTEPQ dtokNTIKA Opta. Evoapépov anotelel kot to
YeYOvOg OTL Le oLVIVACUO TV Tapamdve kabdictavtol
Mo €0OKOAEG Ol AMOPACELS Yo TNV €KTOOT TOV VIO
KAPLEN  aPYOLOAOYIKOV — YOPOV VO  TOPAAANAQ
TeEKUNPLOVOVTUL GopAG o aSdmota (Ew. 2).

®  Ipcio apgoiotoyol EvBIAQEDOVTOS

O Znpcio auroyniv %

MPOTAZH OPIOGETHEHE
[ Kaotpo "Ohilun”

Ewoéva 3 Opobétnon mepoyng Apyoioroykod Xdpov
pe Paon ta dedopéva tov Xvotipatog [ewypapikdv
ITAnpogopiiv

‘Exovtac ewobdyst omd 10 ypopeio OAeG OUTEC TIC

TANPOPOpieC OTO  GLOTNHO  KOL  HE  TOPGAANAN
EVNUEP@OT] TOV POPNTAOV GLCKELDV, KabioToTol TEMKA
€0KOAOG 0 EVIOMIOUOG OA®MV TOV TOPATAVED GTO TESIO
KT TN SIGPKELD TOV TEPLOSEIDV KOL TOV OVTOYIDV.

2. Ta Tp®OTa 0paTa amoTELEGPATA

Avt ) oTiypn], HETA amd dVO YPOVIKL AVATTUENG Kot
EPOPUOYNG TG  TOPATAVED  YNPLIKNG  TPOGEYYLoNG,
elnoote mAéov oe Béom va €yovpe Lo OXETIKA HEYAAN
mohveninedn Pdaon dedopévav, Tov TpaypoTikd Kabotd
™V KoOpEPWV OpPYOUOAOYIKT) €PYOCiO TEPLGGOTEPO
€0KOA OAAG Kol ca®®O¢ To dnpovpywn. Ilpémel va
onuelwdel, 0TL TEPA amd TV KABAPE SOIKNTIKY Epyooia,
TOPO TAEOV Ol aPYOLOAOYIKOT EAEYYOL KOl Ol QUTOWiES
KaOodg Kot ot peydheg kai ypovoPopeg meplodeieg oe
omowadnmote meployn tov [Iniiov, anéktnoav véo vOnua.
Me 10 ovvdLOoHO TV JOOECIUOYV  TANPOPOPLOV
onpovpyeitar avl TACH GTIYU| L0 GUVOAIKY HEYGAN
€OV TPOC OPEAOC NG KOALTEPNG TEKUNpPimONG,
TPOCTACIOG Kot OvASEENg TV OpPYULOAOYIKAV YDP®V
Kot pvnueiov, v 0t oTiypn mov Kot SlOKNTIKA Ot
€AEYYOL SIEKTEPAULMVOVTAL TAYVTEPX KOl EVKOAOTEPCL.

Me v véa oUT] TPOCEYYION UTOPOVUE VO EYOVUE
Katapyv  OA0L  TO  TAEOVEKTAUOTO TOV YNOLIKOV
apyelofetnoewv pe ) ypnion ovvletwv avalntioswv
Kot ToKiA@v  TOEWOUNCE®MV  TOV  KOTOX®PNUEVOV
mnpogopidv.  Kobnpepwd  péiota, «abdg ot
TANpogopiec ovTEG ouvexds ovEdvovior pe  VEES
KOTOYMPNOELG, OTOSEKVOETAL OAOEVO KOl TEPLGCOTEPO 1
YPNOOTNTO TOV EYYEPNUATOS EWKE dTav mpootehovv
Kot ot dvvatdtnreg mov Sivouv To AOYIOUIKG TOL
YPNOHOTOLOVVTUL Yol UETPNOT TMOV OMOCTACEDV OAAGL
Kot Yo EAEYY0 TNG 0paTOTNTAG ad GLYKEKPIUEVO OTUEI
(my.  opyooAoyKoOg  y®POVG), WOV  ATOTEAOLV
ONUOVTIKOVG TOPAYOVTEG Yio TNV EKS0oN 1 U LLOG
£yKpiong epyaciov (ek. 4).

H dnpuovpyio evog xaptn pe onuUelmpéVeG EMGved OAEG TIC
amopoitnteg  mAnpogopieg vanpEée  avékabev  TO
{ntodpevo. Ymapyovv maAoudtepes mpoondbeleg OmOL
ownbwg move o©T10 YGPTWVO OvTITUTO €VOG  YOPTN
ONUEOVOVTAV OG0 TEPLOGOTEPE OTOLKEID XWOPOVOAV.
Yxed6v mavio. ®otdco 1 mpoonmdbelo EpBave oe €va
oplokd onueio Kol gykotoAeimoviay pe TO  YOPTN
oYWoUévo amd TNV ovyvi xpnon 1M yepdto pHe TOCES
TANpoYopiec mov ywotay mAéov addvatn N a&lonoincn
T00G. Me v ynotlokn teyvoloyio Bewpodue OtL Oyl
povo dev vEIoTOVTIOL Ol TOPUTOVEO TEPLOPIGHOL OAAG
glvar  dvvarn kol o SlOPKNAG  EVIHEPMGT  TOL
GLOTNUATOG OVEEAPTNTA OO TOVG YPNOTEG TOV, POV
UTOPOUV TAEOV VO, GUUUETEXOVV TEPIGGOTEPOL TOV EVOG
oupparioviag orot kot e&aocearifovtog emiong OAot
TOAAOTAG OQEAN.
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Xopnepdopata

310 eninedo TG KAOMUEPIVIG TPOKTIKNG LG ONHOGLOG
VANPECING, TO TOPOTAVEO OTOTEAOVV COPDOG KOl Lo
onpavTikn Tyn €okovounong nopov gite Pldpe yo
avOpdTIvo duvopikd €iTe ylo OKOVOWio, G OYECM e
€€oda  petokivnong kot muepopcsbiov. H  amopuyn
GOKOTOV KAl [ OTOJOTIKMV LETAKIVICEWV eE0KoVOopLel
kot eEacpariler avBpomodpes epyaociag, KodoLa,
nuepopicta Kot puowd ypdvo Kot TNV Kok 61dbeon
TOV GUUUETEYOVIOV.

Av Béhape va emonudvovpe kamolo advvopio Tov
GLOTNUATOG, VT Teplopiletor otV Oovlykn g
GTOYEIDOOVE EKTAIOEVONG TV XPNOTOV TOVL, TOGO OTN
XPAON NG GLYKEKPUEVNG TEYVOAOYIOG OGO KOl GE
Baoiég évvoleg TV YNnolokdv Pacemv dedoUEVOV Kot
MG  TOMOYPAPIKNG TPOocEyylong Mg 0éong péow
GuVTETAYUEVOVY. TNV TPGéN avtd €xel amoderyBel ToAy
€0KOAO, E€0IKG  HE VEDTEPOVG GLVOIEAPOVLS  TOL
avtilapPavovior apécms To 0PEAN YOPIS va £xouv va
avTimopELBouv 0 Yuxoloykd eumddlo oG TOYLOUEVNG
Swdikaciag. ati 660 kot av avel Topa&evo, avtd TOL
eaivetar va gumodilel pepkés @opéc akOpo Kot Tov
MEWPAUOTIONO HE oL Ynolokn Avom, eivor  évog
YOYOAOYIKOG PPpayOg, oL @Oel oTo vo BewpnBel ek TV
TPOTEPOV OTIONTOTE YNOLOKO SVGKOAO KOl OTIONTOTE
SlQOPETIKO OO TNV~ WEMATNUEVY  TEPLGGOTEPO
TOAOTAOKO Kol AyOTEPO  €QOPUOGILO, GoYeTa AV
avayvopiletol yevikd 1 xpnodd tov.

H enéktaon ocvvendg g £QOPLOYNG TOV GULOTHLOTOG
otV vndrowtn mepoy ™S Mayvnoiag pe v eumAok
0AOEVA KOl TEPLGCOTEPMV GUVUIELP®V KOl [LE GKOTO TNV
mnpn  kobipwon v ©¢ T Paocwkn Swdikacio
Kataypopng tov dedopévov tng Ymnpeoiag, omotelel
amd Lovo Tov e peydAn tpdxkinon yo to péddov. ‘Hom
€Yovv yivel ta TpOTA PLOTO KOl OVAUEVETOL EVTOG TOV
2014 va €xel emttevyBel | Aettovpyic TOL GLOTHLOTOG YN
TO GUVOAO TNG TEPLPEPELOKNG evOTNTOG Mayvnoiog.

Q¢ mpoontikn, Oa propovoe evoeyouévag va diepguvnel
N dVVATOTNTO HEAALOVTIKNG EVOMUAT®OONG OAMV OUTOV
TOV TANPOPOpLdV oT0 Apyotoroyikd Krnpatorodyo, 1
KOTOOKELT] TOL omoiov €xet  avayyehfel amd To
Ynovpyeio [ToMticpod kot AOANTIGHOD KOl TPOYMPAEL
(http://archaeocadastre.culture.gr/el/).  BéPfora, Ommg
UTOPEL KOVEIS VO TOPATNPNOEL OTI OYETIKY] IGTOGEAIDA,
T0 Apyooroyikd  Ktnpatoldyio  otoyxevel  omnv
KATOYPOPY] TOV APYOLOAOYIKOV YOP®V Kol UVIUEI®OV Kot
0oL TNG KAONUEPIVIG aPYOOAOYIKNG dladtkaciog EAEYYOV.
EAnifovpe mot660 011 pe kdmoa popon Oo propécovv
TEAKA v evToyOovv €KTOG amd T ALTOVONTO GTOLYElD
HE OpPYOLOAOYIKO  EVIPEPOV  KOL Ol  TOALAPOLES
aVTOVieg Gg YMPOVG YMPIG EUPAVEG GIECO APYALOAOYIKO
eVOLOPEPOV, Ol OTOlEC OUMG TPOGPEPOVY  TOAVTLUEG
TAnpopopiec.

Kvplog kot dpecog o6t0x0g mpog 10 mapdv eivar o
GLVEYNG EUTAOVTIOUOG TOVG GULGTNUOTOS HE VEOTEPO
dedopéva, kabmg avtd eaivetarl va givor to duvotd Tov

onuelo  yw omowdnmote  peAloviiky  a&lomoinom.
Youmepocuatikd, Oewpovdue OTL pe OmAEC 10€€G Ko
€QAPLOYEG, OAAG Kupiog pe dtdbeon Yo TpocPopd 6To
7edilo TG EMOTHUNG KOl TG epyaciog, givar dvvatd va
oupParet Koveig TG0 610 TOPOV OGO KoLl GTO LEANOV TG
TPOCTAGIOG KoL TNG  OvAdelEng 1Tng MOALTIGTIKNG
KA\npovouldg otov mepPdAlov epyaciog Tov oAAG Kot
YEVIKOTEPOL.
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E®APMOI'H THX PQTOEPMHNEIAYX KAI THAEIIIXKOITHXHX
I'TA TON ENTOIIIXMO OAMMENQN APXAIOAOTI'TKQN KATAAOIIIQN
XTO ITAATQMA TOY BOPEIOY BPAXIONA TOY OPMOY THX
BOIAOKOIAIAX TOY NOMOY MEXXIHNIAY, IEAOIIONNHZOY, EAAAAAXL

A. XPONH

Amdportog E.K.ILA., Awddxtop E.M.IL
athina.chroni@gmail.com

HepiZnyn/ Abstract

H ovykekpyiévn epyacia eiye og otoxo va avomtdvéer pefddovc aviyvevong OBappévov opyaloloyikov
Katahoinwv, pe afomoinomn tov duvvatotitov g Potogpunveiog kot TnAiemiokdmnong kabmdg Kot Tov
YNOLKDOV ENEEEPYACIDV TNAETICKOTIKMV ONEKOVICEMV (0T GLYKEKPLEVT TEPIMTMOOT OEPOPOTOYPUPIDV KoLl
dopvpopikdv sioévov IKONOS) o mepiBaiiov GIS. Ta amoteAéopata dactowpddnKov pe eniyelo EAeYYO
OAOKANPNG TNG HEAETDUEVNG TTEPLOYNG KO TEAOG LLE YEMPVGIKN dtaokomnon Tunpatdg . ‘Etot, mpoteivetal pua
e€edkevpévn pebodoroyio Yo TOV EVIOTMIGUO APYOLOAOYIKAOV KOTOAOIT®V, KoL, EIOIKOTEPO, VEKPOTAPEI®V KoL
owkiop®v g Emoyng tov Xoalkod ce aoPectorfikd €54, Evov TOTO €3G(POVS TOV OTAVTATAL WOLAITEPA GLYVA
otov EALadiko ydpo. EmmAéov 6tdyog ¢ GUYKEKPIULEVIG £pEVVOG NTAV TO YNELOKO awTd “epyolreio” vo 600l
0€ L0 amAOVOTEVUEV] LOPON, TPOTEIVOVTAG TOAD GLYKEKPILEVES PeBddoVg ynelakng enelepyaciog EKOVOY,
€101 BOTE 0 PEAETNTNG VO UMOPECEL e €OKOAO Kol PUMKO TpoOTO va To ypnoytomomoet. Ilepoyn peiéng
anetélece 1 eVPUTEPN TEPLOYN TOV OOV TG Boidokoilidg tov vopov Meosonviac.

The aim of this study was to develop methods for the detection of buried archaeological relics by making use of
the potential of Remote Sensing and Photointerpretation as well as of the digital processing of remotely sensed
imagery (in this case aerial photographs and satellite images) within a GIS environment. The results were
checked with ground survey results of the study area and, finally, with geophysical prospection of a part of it.
Therefore, a specialized methodology for the detection of buried archaeological relics, and, more specifically, of
cemeteries and settlements of the Bronze Age in calcareous soils is proposed. Another objective was that this
digital "tool" will be provided in a simplified form, proposing very specific methods of digital image processing,
in a simply and user-friendly manner, especially for archaeologists. The study area was the wider region of
Voidokilia bay in the Prefecture of Messinia, Greece.

Aélerc Kieioig.: Apyooroyia, Pwtoepunveia, Tniemokdnnon, Exiyeioc Eleyyog, I'emouown Atackdnnon,
Agpopatoypapies, Aopvpopucég Ewkoveg, IKONOS, EALdda, Meosonvia, Boidokotid, Eroyn tov Xoaikov

TAOVTO apyooAoYIK®V Bécewv Kot Katahoimmv. To
LEYOADTEPO LEPOC TMV OPYULOAOYIKMOV BEcEmV TV

Ewayoyi

TnAemoKOMIKEG AMEIKOVIGELG EXOVV YpnCLHoToINnOEl
ot0 TopeABOv  mpokewévoy  va  aviyvevBolv
Boppéva apyatoroykd katdioura (Bradford 1957,
St Joseph 1966, Renfrew & Bahn 1966, Riley 1987,
Allen et al 1990, Alexakis et al 2009). Z16)0¢ TG
OLYKEKPIUEVNG MeAéTNG Mtav va 7mpotabel puo
eEedwcevpévn  peBodoroyion ywo v oviyvevon
Ooppévav  apyotoloyik®v  KataAoimwv, Ko,
€101IKATEPA, VEKPOTOPEIWV KOl OIKICUDV TG Emoymg
tov XoikoO oe oaofectolbucd edapn (Xpovn
2011).

1. Meproyn Merétng

[epoyn perétmg anetélece o vopds Meoonviag,
€VOG XMPOG UE HOKPOTATO GTOPIKO TapeABOV Kot

LLVIULOVELOLEVOV Omtd TOVG OpYoiovg GLYYPOQEIS
KOl mEPMYNTES  KOU  TPOKLATOVIOV — Omd
OAOKANPOUEV]  UEAET  LOTOPLOYPAPIKNG KoL
BiBroypapikng mAnpoeopiag, £xet NON evromiodel
Ko, €V HEPEL, ovaoKapel. QoTOGO, VIAPYEL OKOUN
éva pKkpd mocootd Bécewv mov dev  Eyouvv
eviomobel, av wor ewdleTor TO YOPWKO TOVG
onuelo, Om®WG o0vTd wpokLITEL Oomd TOKiA
16TOPLOYPAPIKA, PBPAIOYPAPIKE KOl OPYOLOAOYIKA
ototyeio. ‘Eva t€to10 onpeio amotelel kot o dppog
¢ Boidokolidg, o611 dLTIKEG OKTEG TOV VOOV
Meoonviag (n omoia mpémel vo KatowknOnke Mo
ard v [HolaolOwr emnoyn), mpog to IdVio
TELOYOG: TPOKELTOL YL EVOV LIKPO, TPOG TO SLTIKA
OTPOUUEVO Oppo o omoiog Ppioketal BopetodvTika
kat, okpipéotepo, €E® omd TOV  Oppo  TOL
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Noavapivov, éva omd T0 HEYOAOTEPA QPUGIKA
AMpaviae. (Ew. 1, 2)

OSMANAGA SURVEY

(PYLDS AREA)

2 £

W ¥solithic  habitation

A Bronze ge habitation

habitation

Ewoéva 1 H evpOtepn mepoyn tov Oppov g
Boidoxowudc (Mc Donald W. & Hope Simpson R.,
A.J.A. 1964, plate 71)

o ovykekpyévo: OAOKANPN M TEPOYN NG
Boidokodg (amd tov Popeldtepo keipevo AOQo
tov IIpogrtn HAla upéypt kor to mpog NOTO
dwukpwvopevo, katw amd 1o Ilokawdkaotpo,
Zmiowo tov Néotopog) eiye katowknOel on katd
mv "Yotepn Neolbwn Emoyn, yopo oto 3.000
.X.. AvTtO TPOKOTTEL AMO TOAUOTEPEG EPEVVES TOV
Blegen kot Ocoydpn (Blegen et al. 1973, Ogoydpng
1989). H Meoonvie ntav tote  0potdTaTO
Katowknuévn. Extetapévn épevva g meployns, Le
TN oLVEPYAGIN TOAMDY EMGTNUOVOV SLOPOPETIKMDV
E0IKOTNTOV, Tpoypoatonotnonke amd T0
TMovemiotyuo ¢ Minnesota, vwd v emifieyn
tov W. Mc Donald kot R. Hope Simpson, Aiyo mpwv
™ dexaetio Tov 1960 (Mc Donald et al. 1972).
Avookapég oty Teployn Katd v idla, mepinov,
YPOVIKN) TePiodo  TPAyHOTOTOINCE KOL O XT.
Mapwétog (Mapwdtog 1956; 1958). To épyo tov
TeheLTAiov GUVEYIGE Kot cuve)ilel Héxpt OLEPD O
k. [.21. Koppég (Koppég 1993).

@ IIE II owtopndé/ME toppog

(A'Botdoxotmdc)/YE Bolwtdg
TaPO/EAANVIGTIKY KEPOLELKT, EWMALN KoL
AaTpevTIKd TAaKiSLOL.

@ [MAdTopo pe Thova apyotoA0yIKa
KoTaAouTaL.

(? Exxdnoaxt [Ipoen HAlo.

Ewoéve 2 H evpOtepn mepoyn tov Popeiov
Bpayiova tov Oppov ™¢ Boidokoiids. (Xpovn
2011, ogh. 225)

Q¢ dokipaotiky wepLoxN Epevvag (ktoomng mepimov
800 p?) emhéyOnKe 1 AVOCKAUUEVT GHUEPO TEPIOYT
oto Popeto Bpoylova Tov dppov e Boidokoiiide,
n omolo  meptlapPdver, TOAD  GULVOTTIKG,
APYOOAOYIKG KOTAAOTO,

o [pwtoeiradikov II (ITE II) owiopov,

e Mecogradikov (ME) topfov ko

o Yortepoerradikod (YE) Bolmtod tdpov.

Aev éyovv axoun evromiobel to avtioToyo TOV
TPOAVOPEPHEVIOV  OPYAIOAOYIKAOV  KOTOAOIT®V,
onradn:

70 vrdrouro tuqua tov IE 1T owkiopon

o [1E II vexpotageio,

o ME owiopdg ko

o YE owopédg

Qg mepoyn mhovy vo mepi€yel to {ntovpeva
apYOoAOYIKA KotdAowmo ewdleTor T0 TAATONO
(éxtaong mepimov 5000 p?) o svprokdpEVO Popeing
™G OVOCKOUUEVNG TTEPLOYNS, TO Omoio améyel and
avt wepinov 100 p.
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2. Awekmepaimon g £pevvag

Ocov agopd oTlg avOAOYIKEG TNAEMICKOTIKES
OTEWCOVIOELG, YPNOLLOTOMONKAV  OTEPEOCKOTIKA
Cevyn  TOyXpOUOTIKOV — 0EPOPOTOYPAPLOV €L
SlPOPETIKMV £TMV, TOKiA®V KAlpndkov. H emthoyn
TOV 0EPOPMOTOYPUPLOV TPAYLOTOTOMONKE 1e TOAD
GUYKEKPIEVO OKEMTIKO, 7oL Pooiotnke o©T0
YPOVIKO T®V  OVOCKAQ®V OTNV  TEPOYN  TNG
Boidokothdg. Avto €xel g €ENg :

1956-1958: evtomondg wor ovaokaer tov YE
00A@TOL TAPOL TOL AEYOLEVOL TOV Opacvurndovg,
1976-1983: avackaen tov ME toppov yopo ond
Tov poavapepBévta BorwTtd Thpo.

H GUYKPITIKT HeAETN TNAETIGKOTIKOV
OTEIKOVIGEWV GUYKEKPLUEVOV TEPLOSWV
VITOYOPEVETAL OO TO YeEYovog Ot Kabiototon
duvati M TOPATHPNON TNG LOPPNG TNG EMPAVELS
TOV €d0QPOVG TPV KOl HETA omd TNV KGO
ovaokoelkny — @dorn:  elvar  coeéc  OTL  TO
OOTEAEGHOTO. OVTNG TNG TPATNG TPOCEYYIoNG
pumopodv  va  @ovovv  Wdwitepa  ypIoyle.  oTn
QMOTOEPUNVEVTIK TAPOTAPNOT TOV TANTMUOTOG
Bopeimg ¢ avaoKappévng TAEOV TEPLOYNG, Yo TO
omoio kot mBavoroyeital TNV TAPoHoo HEAETN N
omoapén IIE 1T vekpotoaeeiov/TIE 11 owiopod/ME
okopoO/YE  owiopod. O maporlAniioudg kot
OUGYETICUOC  KOMOLWV  1yvev  Omo¢  ovtd
TOPOLGLACTNKOY — OTNV  TAEOV  OVOGKOUEVN
meployn — wpwv 1o 1956 pe iyvn oto mpoavopephHEy
Bopetlo mAdtopa, givol duvatov va vtofondnost kot
V0L VTOGTNPIEEL T PMTOEPUNVEVTIKT SladiKacioL.

Ocov  agopd  oTIc  YNEOKEG  TNAEMICKOMIKEG
OTEIKOVIOELG, EMAEXONKAV OVTEC TOV TPOEPYOVTOL
ard tov dopvedpo IKONOS Adyw t™¢ peyding
dwkpttikng  tovg  wavotnrog (1 pétpo  otig
TAYYPOUATIKEG, 4 LETPO OTIC TOAVPAGLOTIKES).

211 OCUYKEKPLUEVN UEAETN ypMoomombnKay dvo
CEPEG TAYYPOHOTIKOV KOl TOAVQUCUOTIKAOV GE
téooepa Kovilo (KOKKvo, Tpdoivo, UmAE Kot
€yy0g  LmEPLOPO)  YNPIKDOV  TNAEMICKOTIKOV
aneikovicewv IKONOS (6Aeg amodidopeveg pe 8
bits avd pixel yia to kKGOe kavair).

3. Avadroyiki goTogpunveio

H avoloywn ¢otogpunveio T@V TNAETIGKOTIKGV
amewovicewv Paciomnke oy afoldynon TV
Boowdv pOTOUVaYVOPIOTIKGOV cToLElV, divovTag
£UQOoT GTOV TOVO, TNV VEN, TN 0K, Ta TPOTLTA,
™ Béon/tomobecio Kol T oyéon e to TEPPAAAOY.
Ewwotepa, 1o otepeookomikd  {evyn 1oV
0EPOPOTOYPAPIDV UEAETHONKOV TEPAITEP® KOl E
T ¥PNOT SLUPOPETIKMY GTEPEOCKOTIKADV OPYaVOV.

4. Pnowxn erefepyacio TOV TNAETIGKOTIKAOV
UTELKOVIGEDV

INo mv ynoewxn emnegepyoacio tov cuvolov TV
TNAETOKOTIKOV OTEIKOVICEDV (0EPOPOTOYPUPLDV
kot Myeov  IKONOS) ypnoponomnke to
AoyiopKd ER Mapper, epapuolovtog
dwpopeticods arydpBpovs evioyvong/Peitioong
YNOKAV TNAETICKOTIKAV 0OmEKOVicey (image
enhancement) (Jensen 1996, Argialas 1999).

Ytoy0¢ Kotd TNV ymoewkn eneEepyacic @V
UELETMUEVOV TNAEMICKOTIKAOV OTEIKOVIGEDY 1TAV
n exoyn TV oAyoplfuwv ekeivov mov O
ocuvéfaiay oty avadeln Kot dlepevvnon TV
YPOLUIK®V GYNUATIOUDV KOl TOV EVOAALUYDV KOG
AdY®  ovVOHOM®V  TOV  KPOAVOYADQOL OV
aviyvevnkav Kotd v avoioyikn Saudikacio tng
QwTogpunVveiag.

Ewwotepa, 1 16000VapOTOINGT TOV 1GTOYPAUATOS
KaOOG KOl TO Ywpiko @iltpo evioyvons vynimv
ovyvotitwv  (dedopévov  OtL, OGOV apopa
TOVAGYIOTOV OTO. YPOUUIKG {xvr, GTOXOC MTav O
TOVIOUOG emiunKov AETTOUEPELDV TV
OTEIKOVIGEMV) KOl TO YWPIKO QIATPO YPOUUIKHG
evioyoong twv okumv kotd tov acova y (TOL
TPOGOIdEL TAUGTIKOTNTO GTNV OTEIKOVION GE GYEoN
pe 1t 0éom 100  QOTIGHOV), GLVEROAOV
OTOTEAEOUOTIKG. otV otk Peltioon Tov
EIKOVOV KOl TOV TOVIOUO TOV YPOUUIKOV 1YVAOV, TO
omoio Kot kataothOnkay gviovotepa. Idaitepa e
TNV EQUPUOYN TOL YOPIKOV OIATPOV YPOUUIKNG
gvioyvong TV okpdv Kotd tov dfova y T
ovykekpéva iyvn afov avayAven, okoun o
EVOLAKPLTN HOPON, EVD TAVTOYPOVE KATOGTHONKOY
0paTA {yvn oKIOV PIKPOaVayADPOV, TOGO GTN ANy
mg 23-5-2000 600 kor otn Aym g 3-6-2000,
oV 1010 —eAAELYOED0VE GYNLLOTOG- TEPLOYN OOV
evtomicOnKay Kol 0TI 0epOPMOTOYPaPies TG 26-9-
1975 ko 29-6-1989 (Xpovn 2011).

Amoteléouata

Yyxetkd pe to  Popeiwg  keipevo  mAGTOWO,

aviyvevnkav (Ew. 3):

o 1945 (xMipoxkoa 1:42.000): Tpoppkd ixvn
(Kotéotnoav eviovotepa HETE TNV €QUPUOYN
™e ymotaxng enelepyociag).

o 1964 (Apoka 1:15.000): Tpoppikd  ixvn
(xotéotnoav evtovotepa LETE TNV EQPAPUOYN
™G YNelokng eneepyaciog).

o 1965 (kMpoxa 1:15.000): Tpoppkd iyvn
(xotéotnoav eviovotepa LETA TNV EQPAPLOYN
™G YNookng encéepyociog).

e 1975 (kMpoka 1:8.000): ‘Ixyvm  oxuwv
HIKPOOVOYADQOL  (KatéoTtnoay — EVIOVOTEPO
HETG TNV €QOpHOYN NG YNOWKNG
eneéepyaoiag). Ta ovykekpyéva iyxvn okidv
pkpoavoyldeov tovilovv Vo guBvYPALLOVS
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GYNUATICUOVS OV GULUTITTOLY YWPIKA HE
aUTOVG TOL TOPUTNPNONKAY (®G YPOULUIKE
yvn) oTIg TPONYOVUEVES MWYELS.

o 1989 (kAipaxo 1:30.000): ‘Iyvn oxuodv
UIKPOOVOYADPOL  (KATESTNOOV — EVIOVOTEPO
HETO TV gpappoyn TG YNeIkng
enekepyooiag).

o 1992 (kMpoko 1:8.000): Tpappuxd  ixvn
(Katéotnoav eviovotepa PETE TNV €QAPLOYN
™G YNeuakng enesepyacio).

e 23 Maiov 2000: Tyvn oKidV pKPOOVayADQOV
(aviyvedBnkov pHovo HETE TNV €QUPUOY NG
ymotokng enegepyaciag).

e 3 Jovviov 2000: I'papuikd iyvn (kotéotnoov
EVIOVOTEPO, € TNV EPAPUOYN TNG YNOLOKNG
enefepyaociag Tng €KOVAG) Kol ixvn OKudV
HIKpOOovoyAdov  (aviyvedbnkav puoévo HETA
™V EQAPUOYN TNG YNPLaKng enelepyasiog g
EIKOVOQ).

24-8-1945: Agpopwtoypapic 1964: Aspogatoypagio

23-5-2000: 3-6-2000:
Aopugopikn elkdva IKONOS  Aopugopiki etkove IKONOS

Ewoéva 3 XZvvontikny mapovcioon Tov oviyvev-
0éviov  YpopKOY  vdV KOl vAV KOV
pucpoavayivoeov (Xpovn 2011, oei. 476-478).

Metd TV €QOPUOYN TOV YNOLOKOV TEYVIKOV
EVIOYLONG/TOVIOHOD TOV  YPOUMIKAV VOV Kol
VOV OKIOV HIKPOAVAYADPOV 7OV vy veLONKov
OTIS OVOAOYIKEC KOl YNOOKEG TNAETIOKOTIKES
omelkovioelg, dladikocion 1 omoic OAOKANpOVOTOV
oe KO0Be @aon pHe TNV OMTIKN QOTOEPUNVEID,
TPAYLATOTOMONKE n KOOy poip| TV
OTOTELEGLATOV ™mg poTogpunveiog pe
Yneonoinon Tov  ypappk®v ototyeiov, O0cov
aQOpPE GTA YPOLKE fyvr, Kot ynelak oplofétnon

TOV TEPLOYDV OTOV TapATNPNONKAV TO YV GKIOV
HIKPOAVOYADPOV.

Me 1 Bedpnon tev TpoavapephEvImv 1yvav ved
TN HOPON apyEimV vector GUUTANP®ONKE 1 PLEAETN
ToVG, KAOOTOVTOG SVVATO TO GUOYETICUO TOV
oynudteov Tovg Kot TV Bécewmv, OmOL AVTA
epoaviovrat, e TOAD LEYOADTEPT) COPNVELL.

5. ZuoyeTiondc TOV GTOTELEGUATOV TNG POTO-
gpunveiog pe woikilo dedopéva

Ipokeyévov va domictwdel o Babpog otov omoio
T evtomobévia  iyvm  eivor  mlavd  va
amokaAdTTOUY Qoppéva apYooloYIKA KoTdAotma,
TO OMOTEAESULATA TG Q®TOEPUNVELNG, OTTMG £YOVV
ouvonTikd mopotedel, cuvdvdaoTnKay pe pia oepd
SLPOPETIKMV dESOUEVMV, OTOGC:

1. Ta pete@poroyikd SdOUEVA, TOV EMKPATOVGOV
Katd v 7wepiodo ANYNG TOV  SOPOPETIKMOV
TNAETOKOTTIK®OV omekovicewv: agloonueimto givat
otL n péon pnviaia vypacio katd to £t 1964 kot
1965 wvopdavOnke oe mapduola, 1dtaitepa VYNAL
eninedo, yeyovog to omoio Oo mpémel va. cuvEPade
OVLCLOCTIKG oTNV 13laitepa £VIOVN EUOAVIOT] TOV
aviyvevbéviov  ypauUK®v  yvdv, To  omoio
epoavifoviar TEPLOCOTEPO  KOAOKANPOUEVAY ©G
oyMUoTo, Oomd OTL Gg OmowdNmote GAAN ANqym
dpopeTiKoD £TOVG.

2. Ta yewhoyikd dedopévo TG TEPLOYNG KOTA TN
onuePVN ETOYN: M VIO PEAETT TTEPLOYN KOAVTTETOL
a6 ooPeotoMbovg. e aoPeotorfikd £daen To
igvn  elvar co@n kol €UOLAKPITO. OAAG  TOAD
ormoonacpotikd. H  epunvelo  yU'  avty 1
dwpopornoinon  givar  mBovévy  tO 0Tl O
acPectoMBog Ppdyog KAT® amd TV emPaveln
Ntov ota meptocdTEPa onueia Wiaitepa oKANPOG
Y ) OvolEn TAePOV Kol AGKK®OV omnd TOLG
TPAOTOVG KOTOTKOUG NG TEPLOYNG Kot 1o OTL Ol
TMEPIOOOTEPEG AMO TIG ap)aiec OplofeTnoel; Tov
YDOPOL TPOYUATOTOONKAY LE TETPVOVS TOLYOVG
OV KOTOTV KOTOOTPAPNKAY KOl TopacvpOnkoy
amd TN peTayevEoTEPN ¥PNON TGS YNG.

3. To «hpatoloyikd dedopéva g meptoyng 1060
KaTd TN onuepwn emoyn 600 Kol Koth TIg
TEPLOOOVE TNG UPYOLOTNTAS TTOV OGS EVOLOPEPOLY
0TI CUYKEKPLEVT LEAETN: TO ONUEPLVO LECOYELOKO
KAipo emkpatovoe oe olOKAnpo tov EAr0dikd
y®dpo Kotd T Ordpkete Tov Olokaivov (amd TO
10.000 7.X. o €€1g).

4. Ta ye@AoyKd Kol YE®UOPPOAOYIKE SESOUEVOL
NG TEPLOYNG TTOV EMKPOATOVCAY KATE TG TEPLOOOVG
™G OPYOOTNTOG 7OV  HOG  EVOPEPOLY  OTN
ovykekplévn peAétn: oty EALGSa 10 €da@ikd
avéyAveo amotedolv, Kotd to mheiotov, Pouvd amd
okKMpo  acfectOMBO  KPLOTOAMKNG  HOPOTNG.
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Ileprocdtepo yovVya, av Kol AyOTEPO EKTETAUEVAL,
NTovV To €GN OV EKTEIVOVTAV GTOLG AOPOVG KOt
TOVG TPOTOJES TV POVVMV, E3AQN TOV TPOEKLY ALV
Kuplog and tprtoyevels ndpyes, AUUo Kot AOGYN:
Yy t0 Adyo avtd eEdAlov ot meplocdTEPOL
TPOICTOPIKOL KOl  TPAOOL  10TOPKOl  OKIoHOT
GLUVOVIOVTOL TAVD 7 dimha o€ AOQOLE, TaPd OTO
KEVIPO oG medadog, 1 aKOUN KOl OVAPESH GE
Bpaymdeig meproyéc. Alyeg eivor ot eEapécelg kot
oLVNB®G TapoTNPOHVTOL OTAY TPOKELTUL Y10 KATO10
AMpavi 1 kamoto, 0éon-kAgdi yio aAteio. Emmiéov, 1
TEPLOYN NG onuepwng Ayvobdraccag nTav Enpa,
Tov, OpMG, Oleoyileto amd moTApe Kol glxe Kot
mnyég vepov. To vepd Ba kabiotodoe dpopn v
KoAAlepynown yn kot Ba wapeiye edkoAn VOpevoN
GTOVG KATOIKOVG TNG TePLoyns. Avtd ta dedopéva,
ce ovvovacupd pe NV Vmapén evog  peydlov
@UOWKOV OpLOV, TOL amoteAel MPOCTATELUEVO
AMpavy, kafiotoov v Béom efarpetikd gvvoikn
TPog Kotoiknon and éva mAnbuopo, omwg tov I1E
IT ypoévav, o omoiog otpile Vv owovopio Tov
1060 otV yewpyia, Ocov Kol oTS OaAdoolEg
EMKOIVOVIEG.

5. Tn yAwpida kot TNV Tovida g TEPLOYNG KATA TIC
TePLOS0VE NG APYUOTNTAS TOV OGS EVOLUPEPOVV
OTN CLYKEKPIUEVT HEAETN: ZTotyela and T peAétn
™mg dwdoyng tov evamobBécewv yupng (pollen
sequence), pe detypoto amd ™ AlpvoBdAacso tov
ABapiov amodeicvoovy OTL GTNV TEPLOYT LINPYOV
dpleg, eAaLOdEVTPO KoL GLTNPE, EVD Ol MIVOKIOEG
g [MvAov avaeépovv aypotikd mpoidvia Omwg
ounpd, €MEG, OTOEVAlN, GUKO  OAAG KOt
eEnuepopéva {oa, o0mmg Pooetdn], npofata, aiyeg
Kot xoipot, kKabdg Kot Kuviyt Kot yapto.

6. To poviélo eyydmmrag M Oyt mYNG TOGLUOV
VEPOL KOl TOV TPOTO VIPOSHTNONG TOV OIKIGUMV
Katd TG mEPLOO0VE NG OPYOOTNTAS TOL  HOG
EVOLOQEPOLY OTN GLYKEKPUEVT HEAETN: KOTA TNV
mepiodo G apyodTNTag TNV omoia  amrodidovTot
o avalnTodpeva  apyaoloyikd kotdlouTa, M
€Yy0TNTO, OGOV VEPOD Ogv omoTerel mhvTo TOV
TpOTAPYIKO Kol KoBoploTikd mapdyovia yio TV
emAoyn pog Béong Katoiknong, obte emiong Exovv
gvromiofel moté Bécelg pe apbovia TOGOL VEPOD
OAAG yopig KoAMepYAoUN €KTOON T KOAO ALAVL.
Emmpocbétmg, a&oonueimto sivar 61t xotd ™
Mouknvaikn mepiodo Ta VOPELTIKE CLOTALATO TAV
TOADTAOKOQL.

7. To 006 OikTvO KOTA TIG TEPLOSOVG TNG
apYodTNTOG MOV UOG  EVOQEPOLY  OTN
CUYKEKPIUEV HEAETN: €VTATIKN €pevva oIV
mEPOY ]  AmO TN OIEMOTNUOVIKY OpdAdo  TOL
TTavemotnpiov ¢ Minnesota to 1963 amédei&e otL
70 001K6 31KTLO TG TEPLOOOV NTOV APKETE cHVOETO
Kol avomtuecotay  akplpaog  dimia  amd  Tov
ONUEPIVO OTOKIVITOSPOLLO.

8. To HOVTELO T®V OIKIGU®V KOl VEKPOTOPEIDV KoL
mg peta&d Tovg SlaoHVoEoNG KATd TIG TEPLOOOVG
™G opYoOTNTAS 7OV  HOG  EVOLQEPOLY  OTN
ovykekpévn perétn: To peyodvtepo kévipo o€
ké0e mepoyn, katd T Muoknvoikn mepiodo,
amelyav peto&d touvg 1-1,5 dpa meprampua (t6co
mepimov oméxelt M ovykekpuévn Béon amd to
Avdaxtopo t0v NEoTOpOG), €vd oLYVEG givol ot
MEPITTOGEL,  OWKIOUAV 7OV  EKUETOAAEDOVTOL
Eeympiotd drapopetikég {OVEG TG TEPLOYNG TOVG
(mowdto.  €6GQovg  KATAAANAN Yy avamTtuén
KOAAEPYELDV M| TOPAKTIO, TEPLOYN KATAAANAN Yo
oMelo kot vavowrhoio) kot TENOG, O XDPOG
evtaQlacpoy  Ppioketon  mwhvtote KOVTd  OTOV
avtiotoyo owwopd. H Béon evog pukmvaikov
Bolwtov Thoov, 0 omoiog ocvvBwC cvLvVodELEL
peyoaddtepa kévipo, ocvyvé Ppioketor ce Kamowa
amoOcTAcT amd OTA.

9. Tn popeN TOV OWKOSOUNUAT®V KOl TOPIK®OV
pvnueiov katd Tig TEPLOd0VG TG APYALOTNTOG TOL
HOG eVOLOPEPOVY OTN OCULYKEKPIUEVY] UEAETN: TO
OYALOTO OV TPOKLATOVV amd To EVIOMIGOEVTQ
YPOLLIKA VN TOPOTEUTOVV GE KATOYELG OIKUDV N
TAPOV TOV GVYKEKPIUEVAOV TEPIOSMV.

10. Tn popen ™G KOWOVIKNAG SL0GTPOUATOONG Kol
0pyveoong KabdC Kol TOV S0IKNTIKOD HOVTEAOV
OV  EMKPOTOVOE KOTA TIG TEPLOOOVE  TNG
apYOOTNTOC 7OV HOG  EVOLOQEPOVY  OTN)
OGUYKEKPIUEVN UEAETN, KAOMDC KOl TN HOPYN T®V
EMOYYEAMLATIKOY ~ OpOCTNPOTATOV KOl TG
0pYAvVmONG Kol EAEYXOVL TNG OlKOVOpiag, OAAG Kot
TIG OIKOVOUIKEG, KOWMVIKEG, TOMTIKEG GYECELS TV
SPOPETIKAOY ~ TEPLOYDY KOl TOVG  TPOTOVG
gmKOWVOVIOG Yyl TG i0leg  mEpLddovg TG
apyoadTNToG:  €ivon  doitepa  avemTUYUEVEG 1)
vewpyle, m Ktnvotpoeio Kor TO gumopro. H
vavowAoio. eivar emiong 10104TEPO.  OVEMTVYUEVT
TPOKELUEVOD VO JIEKTEPAUDMVOVTAL TO EUTOPLO KOt
oL avtaAlayés Tov  mpoioviwv. I[lapatmpeiton
EKTETOUEVN €l00Y@YN oylavoy oty [lehomdvvnco
pe oKomd TNV KOTEPYAGIOL TOL GE  TOMKA
EPYOOTAPIL  YIOL TNV  TOPAYOY  EPYAAEi®V.
Ewdwotepa katd v YE mepiodo, o Eykhavog
Aertovpyovoe cov  ypNUOTOKIPOTIO-amoONKN Kot
KEVIPO  OVTOAAOYNG — EUTOPELUATOV — YyloL  TO
TEPLOCOTEPO. TTPOTOVTO, TOL OTOI0. TPONPYOVTO KOl
amd TO OVOKTOPKE KOTOAGTNUOTO Kol amd Tig
EMOPYLOKEG TOAELS KOl OIKIGLOVG, TOV EVPICKOVIO
vd TNV  OWKOVOMIKY TOov emwvpropyio. Eivor
mOavov 0Tt pia okoyéveln N pio opdde eVYEVOV
glye oV Katoyn G Kamolo meEPoN LE TN HOPPN
MG OTOUIKNG Teplovsiog kot glye  avamtuéel
dpaoTNPLOTNTEG OUOIEG HE EKEIVES TOV OVOKTOPOV,
otov 1010 mepimov ywpo, o€ UIKPOTEPN KAIpOKO.

Towg o meprocdTepeg TOHAELS elyov opyavwbel kat'

avTdV TOV XaAUPO TPOTO GE HIKPOVG avVEEAPTTOVS
OIKIGHOVG YOP® 0md €vo. OYLPOUEVO KEVTIPO, LE
KéOe OKIGUO VTOTEA OTOV TOMIKO APYOVTO KOTA
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T0 @eOLdOPYIKO CUOTNUA KOl VTOYPEOUEVO VO
Katafdrer  @OPovG, OAAG  AVTOSIOIKNTO  GTOV

OLKOVOLLIKO Topéa Ko TG EUTOPIKEG
dpaoctnprotres (Xpovn 2011).
6. Emiyeiog é£leyyog — Odwwotadpmon ToV

OTOTELECUATOV

Kot v 3n Aekepppiov 2000, mpaypatomomdnke
eniyelog éAeyyog Tov POPEIOV TAATOUATOC LLE GTOXO
™V emaAnBevon KOl GUUAANP®ON NG
poTogpunveiag.

Ipoérvyoav ta akdlovba:

1. Aev gvtomicOnkav evoei&elg xpnong g TePLoyng
KOTA TN GUYYPOVT| TPOG EULAG EMOYY|, OVTE TPOEKVLYE
KATL T£€T010 amd TIC TANPOQPOPIES TOV ONUEPVOV
KOTOiK®V TNG EVPVUTEPNG TEPLOYNG.

2. Agv egvtomicOnkav ot ypappkoi oynuoticpoi
(ypapukd tyvn) mov aviyvednkov otV Yyneokmn
TNAETIOKOTIKY  amewdvion g 3-6-2000: £tot,
emPePardveror 1 vrodeon OTL mpdKEITOL Yo {yvn)
vypaciog, o€ cvvdvooud pe TO OTOWEID TOV
AVOLYTAOV TOVOV LLE TOLG 0Toiovg eppavilovTol.

3 EmBeforddnke m apywn, Pooldpevn ot
OOTOEPUNVEVTIKYy  aviivon,  ddkpon TV
SIPOPETIKAOV AVIYVELOEVTMV YPUULUKODV LY VDV CE:
o.  YPOUUKG fyv OMA®VOVIO  OPYOLOAOYLKA
KoTdAouTo, Ko,

B. ypappkad tyvn dnidvovta mopeieg LovomaTIOV.

4. To mpoavapepBivta, evioybHovV TG VTOBECELS oG
00OV aeopd KOl OTOL  YpOppKd  ixvn T
aviyvevbévio otic aegpopmtoypapiec g 24-8-
1945, tov 6épovg 1964, tov Bépovg 1965 kot tng
30-7-1992, iyvn 1o omoia &yovv v ido aKpIPMG
popon pe avtd e IKONOS 3-6-2000.

5. EvrtomicOnkav ot 600 ypappkoi oynpoticpoi,
OV OTOKAADTTTOVTOL Xo0pm o€ OKLEG
LIKPOAVOYADPOL GTNV aEPOO®TOYPAPio. TG 26-9-
1975: to yeyovog Ot ot dVo ovtol Ypopukoi
oynuatiopol  omokaAdmrovion  pudévo  oe i
TNAETIOKOTIKY OmEWOVION, 0md T0 cHVOLO TV &
SLOPOPETIKAOV TNAEMICKOTIK®DY OTEIKOVIGEDY 7OV
dwbétovpe yio T cLYKEKPIULEVT €pguva, YOpN OE
OKI1EG HIKPOAVOyADQOV emPefordver v
OVOYKOLOTNTO TEPLOSIKDOV  POTOYPUPTCEDV [0S
TEPLOYNG.

6. [oapampdvtag TV ETPAVELL TOV EDGPOVG OO
éva moAd youniod onueio kovid og  ovTY
eMPEPALOVETOL 1] LOPOT] TOV LIKPOAVAYADPOV OTTMG
ovtd OTOKOADTTETOL  OTIS  TNAEMIOKOMIKES
OTEIKOVIOELG, OKOUN KOL 7PW TNV EQOPLOYN
HOPIKOD QPIATPOV YPOULIKNS EVIGYVONG TWV OKUDY
xata ov alovo y (26-9-1975, 29-6-1989) kot petd
amd avto (23-5-2000, 3-6-2000).

7. H BAdotnon oto ev AMdym midtopo meptopiletal
povo oe yoptépt Kot yopmiotvg Bapvove. Eta
omnueio OOV mapaTnpNOnKay OKIEG
pikpoavaydeov dev  veiotavior Odupvor, mapd
pévo yoptépt.

8. H mepoyn tov Popeimg keylévov TAATOUATOGC
etvon dbomapn pe AiBovg popeng Opolag pe ot
Tov  AMBov mov omokoAvEONKav  KoTd TNV
avackaen tov ME topufov kot tov YE Boimtov
TAEOL, 01 0TTOI01 ATOTEAOVGAYV TO SOIKO VAIKO TOV
OPYOLOAOYIKDV AENYAV®V.

9. O eviomoudg, oOTo0 KEVIPO TEPIMOL  TOV
TAOTOUATOG, KUKAKOD PoabovAdpotoc Stapétpov
nepimov 1 pérpov, mbavadg vo vwodniwvel Sobpo
(amofnkevtikd Adkko) owiag 1N TN Oepelimon g
€0TIOG TOL KEVIPWKOV KTpiov TOL avalntoduevov
MEI/ME/YE owicpov, 1 m™v Omapén Ttdoov
aviikovtog oto avalntovpevo I1E II vekpotageio.

7. TFe®@uoikn 0100KOTN 6N — JGTAVPMGT TOV
UTOTELECNATOV

Katd to dmuepo g 10mg ot 11ng Anptiiov 2011
TPUYUOTOTOMONKE  YEOQLOIKY  S100KOTNCT Yo
TuAua pévo tov Popeiov TAatodpatog, e€ottiag TV
e€opeTikd  SLOUEVAOV  KOIPIKOV GLVONK®OV 7oV
£TUYE VO ETIKPOTNOOLY KATO TO YPOVIKO S1UCTNUO
mov éloPe yopo M ovykekpévn épevvo. H
deloyoyn TV EPYUCSIOV NG YEOQULOIKNG
drackdnnong Tpoypatorodnke and tov kabnynty
tov [Mavemotuiov tov Cagliari g Zaponviog
(Dipartimento  Ingegneria del Territorio) .
Gaetano Ranieri, pe tn GLVOPOUN TOV TEXVIKOV
Bonbdv tov. Egappudomkav ot pébodor g
nlextpikic topoypopios (electric tomography) kot
0V yew-poaviap (geo-radar) (Gaviano et al. 2000—
2001): kou ot 6v0 pébodor Edmcav LVYNAES TyLég
OTIC TTEPLOYEG OTOVL glyav aviyvevBel ypappued ixvn
KOt {Yvn OKIOV HIKPOOVOYADPOV HETE TNV YNOLOKY
enefepyocio ko pwtogpunveia. OV
TNAEMICKOTIK®OV OEIKOVICEWDY, YEYOVOG TO OMOi0
evioybel v eikocio VTapEng oTic TEPLOYEG AVTES
OoppEVOV apYOOAOYIKDY KATOAOITMV.

8. Zvpnepaopato

Yvvdvalovrtag ta oTotyeio TOV TPOEKLYAV OO TNV
EPAPUOYN TNG QOTOEPUNVELTIKNG HebBodoroyiag,
TNV TPOYLOTOTOINGN TOV €miyElov €AEYYOVL, TNV
VAOTOINGN NG YEOMQLOIKNG SlOUCKOTNGONG HE TIG
pebddovg ™G MAEKTPIKNG TOUOYPAMIOG KOl TOV
YEOPOVTAP WUTOpovUE Vo Bewpioovpe eEuipeTika
moAd mBavd To evtomieOEévTa yYpoppkd fxvn Kot
VN oKV  LUIKPOOVOYAD(QOL VO, DTOJEIKVOOVV
Bappéva apyotoroyikd kotdiouwma. Qotdc0, £ivol
amopaitnIn 1 €MOAN0ELON TV TOPICUATOV NG
TopohoNG  UEAETNG KOU HE TNV OVOOKOPIKN
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OKOTTAVY, HE TN dle&aymyn, o€ TPOTI TOLAGYICTOV
QGaon, OOKIUACTIKOV TOU®OV, WE TPOTEPALOTNTO
OTNV TEPLOYN TOL TAUTOUOTOG TN Olepevvndeioa
Kot pe N péBodo e YEMPLGIKNG S10oKOTNOTS.

H mpotewvopevn pebododroyia, epdoov givar duvatn
N GLYKEVIP®OTN TNAEMICKOTIKMOV OMEKOVICEMV YO
™V eKGOTOTE TEPLOYN LEAETNG:

-Agv dwatapdocet To TepPAALOV TG TEPLOYNG OTOV
epoppoletat.

-Eivat e€opetikd otovopuk.
-Etvan e€oupeticd ypryyopn.

-Agv omouteiTon 1 EMIOKEYN TOV EPELVITAOV GTOV
VIO HEAETN YDPO (Y10l TIG TEPITTAOGELS SLGTPICITOV
TEPLOYDV), dedopévou 0Tl pumopetl va olokAnpwbei
povo epyactnplokd. Xtig mepmtdoetg PEPora Kot
TIg omoieg dgv  eivor ekt M emi  TOTOL
SlcTAdPMON TOV EPYUCTNPIOKAV ATOTEAECUATOV,
pével Tavo avolytd to Béua eAéyyov Tov Pabuov
a&lomiotiog Tovg Kot pe dAleg pebddovc.

-H Odexnepaioon g dev efoptdtor amd NV
éxdoon  Gdewg amd v ekdotote  apuddw
Ynanpeoio, dedopévov OtL dev givor amapaitntn n
EMIOKEYT TOV EPELVNTAOV GTOV VIO HEAETN YDPO,
TOVAGYIGTOV Y10 TO TPMTA BT SEPELVIONG TOV
apYaoAoYIKOL TPOQik TG HLEAETMLEVNG KAOE popd
TEPLOYNS.

-Mnopei va. ovpfdret ot GUUTANPWOOT  TOV
YNOWOTOH TOV OPYULOAOYIKOD TOPTPAITOV TNG
guplTEPNG TEPLOYNG 7oL  oyetileron  pe 1O
diepevvarpevo onpeio, mpoPuAdocovtdg v £tot
armd aveEéheykteg avOpdmves enepfaocels (W TIKG
N dnuoca Epya).

-Eivan,  emiong, dvvatdv  va  epappoleton
SlEPELVNTIKA, TPV TNV~ OAOKANPMOOT  WLOG
OYOPOTOANGIOG (1010TIKNG n dnpodoag)
mpokeévoy va  kobiotator yvoot), fmg éva
Bobuod, n kaTdoTaon KATM 00 TNV EMPAVELL TOV
€04.p0oVG (0GOV aPOPA 0g OPYULOAOYIKG KaTdAoUTA),
TOVAGYIOTOV MG éva TPMTO Pripa EAEYYOL, TO 0Toi0
avéroya pe to mopiopata wov Oa wpokvyouvy Oa
TPOdOTHCEL Kol TO emopeva.  mOavd.
Anpovpyodvtar €tol Kamoleg mpobinmobicels dote
va mepopilovtar 6t cuvéxewr, 0G0 avTd Elvor
duvartd, TPOPAUATA VOLIKNG PUGEMG.

H oloxkiipoon  tov  Svvortotitov  ToV
TNAETIOKOTIKOV OMEIKOVICEOV Y10 TNV Oviyvevon
U OVOSKOUUEVOV  OPYOLOAOYIK®Y  KOTOAOIT®V
NTaV 0 0TOYOG TNG CLYKEKPIUEVNC EPYOCTOG LE Eval
Suvéipetl Oetikd amoTEAESHA, TPOKEWEVOD QVTH VO
Stwowbovv oamd mbovn KOTOGTPOPY TOVG AOY®
WOTIKOV 1 NUOCIOV  £pymv 1N TEPITTOCENDY

apyorokomnAeiog, va evtayxbovv oe éva upvTEPO
diktvo OPYOLOAOYIKAOV 0écemv oAAnro-
ovoyetilopévav, kol vo anoturmbel étol, pe un
TopeUPatikd Kol KOTAGTPOPKO Yy TO
pkpomepBAAAOV TG €KACTOTE TEPLOYNG, TO
apyooroykd moptpaito evog gupliTEPOL YDPOVL,
oLUPBAAAOVTOC TOPGAANAQ OE O O ELEAMKTN
Agrtovpyiol TOV KPATIKOD pNYOVIGHOD OGOV apopd
o010 o)edloond, opydvmon Kol ypNUATOdOTNON
OPYOLOAOYIKDV OTOGTOADV.

Y10 onpeio awtd ailel va avapépovpe To apbpo 32
TOV  VOQIGTAUEVOD  OPYOLOAOYIKOD  vOpOoV otV
EAGSa: “Qg apyatoloyikn £pguvo mediov voeital n
£pevva Tov £3GPOVG, TOV LILEGAPOVE, TOL Bubov g
f8dloccag 11 Tov mbpéva TOV AMUVOV 1| TOTOUOV
OV €€l WG GKOTO TOV EVIOMIGHO 1 TNV armokdAvym
apyoiov pvnueiov, eite oot ovvictatol Ge
avaoKaQY, Yepoaio N evAALa, €iTe 0 EMPAVELNKT
épevva  glte  O€  EMOTNUOVIKY  £pELVA.  TOL
dlevepyeital pe YE®PUOIKEG 1 GAAEG peBOdOVGS”.
Koafiotator Aowmdv caeng n Bapdtnto mov amoktd
N avantoén pog pebodoroyiog, OmMC OWTAG TNG
TOPOVGOG UEAETNG, TPOKEWEVOL va dlacPaMcbel
TEPIOCOTEPO 1M  TPOCTAGIO. UN  OVOCKAUUEVOV
OPYOLOAOYIKDV YDPOV.
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Hepilnyn/ Abstract

Tn dexaetio tov 1980, ot opyoiordyor vioBetovoav pe Oépun ta paydaio ovamtvocoduevo medio g
HOVTEAOTTOINGONG HES® VTOAOYIOTAOV, TOV VIEPKEWEVOV KOl TNG OTTIKOTOINGoNG G oynuata Yo v e&gpebvnon
TOV 0PYAOAOYIKOV ddOUEVOV. MTpooTd oTIC VEEG aTEG GLUVONKES eMvoNOnKE 0 OPOG “EIKOVIKT] apyooA0Yia.’.
O 6pog apywkd mpooplldtay Yo va TEPLYPAWEL {10, TOALSIAGTAT TPOGEYYION YO TN HOVTIEAOTOINGN T®V
QUGIKAV KOTUCKEVMOV KOl TOV JUdIKAGIDV TNG ap)otoloyiog Tov mediov, péow g omoiag 1 Te)voroyio Oa
pmopovoe va a&lomomBel £tol MOTE VO EMTOXEL VEOVG TPOTOVG EUTEPIOG, KOTOYPUPNG Kol EPUNVEING TMOV
TPOTOYEVOV  aPYOOAOYIK®OV dedopévev kot dadikacidv. Tlapd Tig opyikéc eKTUNCES OTL 1) ‘€IKOVIKY
apyotoroyia’ Ba UTopoVoE Vo EMPEPEL TIG TPOGIOKMUEVES aAAOYEG otV épevva mediov, gvrovTolg dev T
Kkatdpepe. Kabhg mriéov to apyotoroykd vikd ivar kopiog ynelakd, ot Topég, ot KATOWELS, T OYEJL Kot Ot
OOTOYPAPIEG OmMOTELOVV ovamapay®yn TV avoloyikdv pedddov mov mponyndnkav. H Swmpnon tov
ouppdoenv Tov avoloyikdv pebddmv kabiotatal ohoéva Kot TEPIGGOTEPO AVUYPOVIOTIKN LE THV ETIKPATNON
TOV YNELIKOV TEYVOAOYIOV Kot KUpimg pe Tig e&eAi&elg Tov 21°%° audva oto medio ¢ ‘TPocbeTikng Kataokevng’,
ov 10000NKe YGPN OTOVG TPIGOIACTATOVG EKTVIMTEC, KO OOVOTOL VO QEPEL TOV KOGWMO TNG EIKOVIKNG
OPYOLOAOYIOG 7O KOVTH HE TNV VAIKOTNTO TNg Topadootakng opyotoroyias. To apbpo avtd vmodeikviel mmg
mapd Tig texvoroyikeg e&elifelg, peydho pépog tng Bempnrikig vrodopng oty omoia otnpileTtar M EKOVIKY
apYOoOA0YiOL TOPAUEVEL EMIKALPO, TPELS KAl TAEOV OEKOETIEG LETA TNV OpyIKN xpNion Tov 6pov. Méca amd v
avAALOT TOV TOYEMG OVATTUGGOUEV®Y TEYVOAOYIDV TPOGHETIKNAG KOTOOKELNG, TO Tapdv apbpo OBa deilel mwg
glval avaykaio va Tpoywpnoovpe Tépa amd o TaBNTIKY TPOCTADELD TPOCAPLOYNG TOV TEYVOLOYIOV e OKOTO
Vo avomTOEOVE OVOEVTIKES 0PYOLOAOYIKEG TPOGEYYITELS TNV TEXVOAOYIaL.

Archaeologists in the 1980s were embracing wholeheartedly the rapidly expanding field of computer modelling,
hypertext and visualisation as vehicles for data exploration. Against this backdrop ‘virtual archaeology’ was
conceived. The term was originally intended to describe a multi-dimensional approach to the modelling of the
physical structures and processes of field archaeology. It described some ways in which technology could be
harnessed in order to achieve new ways of experiencing, documenting, interpreting and annotating primary
archaeological materials and processes. Despite its initial promise, virtual archaeology failed to have the impact
upon archaeological fieldwork which might have been expected. While the archaeological record is now
primarily digital, its sections, plans, drawings and photographs are facsimiles of the analogue technologies which
preceded them. This retention of analogue conventions is increasingly out of step with the general prevalence of
digital technologies and especially 21st century advances in 'additive manufacturing', popularised through 3D
printers, which could bring the world of virtual archacology into closer alignment with the material one. This
paper will set out to demonstrate that in spite of technological developments much of the theoretical
infrastructure which underpinned virtual archaeology remains as relevant today as it was when the term was first
conceived. Through an analysis of rapidly developing additive manufacturing technology, this paper will
demonstrate the need to move beyond passive technological appropriation and towards the development of
authentically archaeological approaches to technology.

Keywords: virtual archaeology, additive manufacturing, 3D printing, grand challenge

Introduction record effectively devours, and efficiently effaces,
Field archaeology, specifically excavations, to some the original, ‘proper’, archaeological traces or
people might seem, not without reason, to represent residues from which the record is censored, and an
some kind of externalisation of an anarchic, archive created. Following Jacques Derrida (1996),
destructive, drive in the archaeological psyche. this then becomes the place where things begin, the
Excavators in creating one kind of archaeological new starting point, the nexus of a new reality, where
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impressions collected while ‘digging” become
reality, embedded in the self-replicating topology of
the archive. Many other potential realities become
lost in a fog of institutionally induced amnesia,
where all the selections and decisions by the diggers,
supervisors and specialists that brought the
excavation directors or report writers to this point
along the path are largely forgotten, with other voices
being muted, and nuanced narratives deflected into
the margins.

1. The Origins of Virtual Archaeology

Four principal factors lead to the conception of
virtual archaeology in 1990 (Fig. 1). The initial
factor was the Rescue and Salvage archaeology
lobbies in UK and North America which over the
previous decades had successfully built a polluter
pays platform by positioning archaeological remains
as priceless, irreplaceable resources under threat.
Public outcry about the treatment of several high
profile archaeological remains had helped precipitate
PPG 16 in the UK. Henceforth, developers in
England and Wales were held responsible for
determining  the archaeological impact of
development and to provide mitigation, or protection
(McGill 1995). If the remains could not be preserved
in situ, a fastidious, empiricist archaeology, couched
in the trappings of positivist science, afforded the
solution known as ‘preservation by record’; in fact a
set of pre-structured archives (Reilly 1992, 163, 170)
Archaeology, however, particularly fieldwork, and
especially excavation, is a craft discipline. The use of

tools, be they material, digital or conceptual, is the
crucial factor and their influence on the direction of
work done is not merely important but frequently
decisive. Put simply, new tools make possible the
production of entirely new sorts of data, information,
interpretation and, ultimately, archaeology (Lucas
2012, Reilly 1985, Reilly & Rahtz 1992a). In the
1980°s archaeologists were embracing the rapidly
expanding field of computer modelling and
visualisation as vehicles for archacological data
exploration. Hypertext was also a very exciting
emerging technology, and a number of innovative
simulation studies evaluating survey methods and
data had been published (e.g., Fletcher & Spicer
1988, Scollar 1969). Unfortunately, the inertia of
pre-existing traditions of field recording practice and
their epistemological assumptions had already
largely been re-assimilated with little critical
attention and now, propped-up by computerised
scaffolding, were affixed with a veneer of self-
evidence.

At that point in time an excavation was described as
an ‘unrepeatable experiment’ (Barker 1993, 1). The
challenge it seemed then was to overcome this
perceived methodological oversight by
demonstrating that the decisions on how to explore
the raw archaeology would have a decisive influence
on the reported outcomes. This could only be done
with something that could be taken to pieces and
explored repeatedly in many different ways.

Rescue
Lobby

Producing entirely new
forms of information

New Virtual
Archaeology

Technology

Fieldwork
Simulation

Non-invasive experiments enabling
different approaches to be evaluated

Preservation by record in
pre-structured archives

Craft
Discipline

Tactic professional
norms

Figure 1 The origins of Virtual Archaeology.
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The impasse was broken by invoking the concept of
virtuality (Reilly 1991). Virtual archaeology
described the way in which technology could be
harnessed in order to achieve new ways of
documenting, interpreting and annotating primary
archaeological materials and processes, and invited
practitioners to explore the interplay between digital
and conventional archaeological practice.

An animated 3D computer model of a hypothetical
excavation presented at CAA in 1990 (Reilly 2013)
was the first example of applying solid modelling
technology as virtual archaeology (Reilly 1991, 133—
136). The intent was to incite, using the terminology
of Bourdieu (1977), an ‘epistemological rupture’ in
conventional  archaeological  recording  and
representation of excavation data by demonstrating
the arbitrariness of conventions, such as sectional or
plan drawings and photographs, whilst demonstrating
the possibility of developing new, radical, recording
strategies, the relative advantages of which could be

examined, discussed and evaluated in a non-
destructive disciplinary context.

In other words virtual archaeology was not only
about ‘what was’ and ‘what is’, it was meant also to
be a generative concept allowing for creativity and
improvisation including ‘what might come to be’.

2. The Relevance of Virtual Archaeology Today

During the period since its first articulation virtual
archaeology has become predominantly associated
with the use of 3D computer graphics within
archaeological research. This is an association which
has been established and reinforced through a long
series of publications (Gutierrez et al. 2007,
Pletinckx 2009, Wittur 2013). There can be little
doubt that these activities form a part of what might
be considered virtual archaeology but they do not
comfortably define the limits of the original term.

Virtual Archaeology

<

Figure 2 The spirit of virtual archaeology renders explicit the dynamic relationship between archaeological

practice and technology.

Virtual archaeology, as first articulated, described the
use of digital technologies as tools for mediating and
engaging with conventional (analogue)
archaeological processes. This definition was broad
and potentially encompassed a wide range of
technologies and processes. It should be made clear
that the term ‘virtual reality’” was deliberately
avoided and the importance of the non-graphical
aspects of 3D computer modelling was highlighted
(Reilly 1991, 1992). That an emphasis was placed on
computer graphics is not surprising; the 1990s and
2000s saw rapid developments in this area
accompanied by the falling costs of technology.

However, reifying virtual archaeology into any
specific technology amalgam is to miss the point.

The notion behind virtual archaeology was, and
remains, useful for emphasising the intersection
between technology and archaeological practice. For
want of a better term, the spirit of virtual
archaeology describes something which is inherently
changeable, and which depends on the availability of
technology and its potential utility within a specific
situation be it in field or laboratory conditions (Fig.
2). Thus it was entirely natural that early papers
which used the term virtual archaeology frequently
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dealt with the applications of 3D computer graphics,
databases and hypertext. The specific technological
emphasis says more about the state of technological
development than it does about the essential meaning
or relevance of the term. What remains of paramount
importance is the need to focus on the practice of
adopting technology as well as the technology itself.
The ubiquity of digital devices within contemporary
archaeological practice coupled with the proliferation
of software with potential archaeological applications
means that this need is greater than ever.

Recent technological developments have led to a
proliferation of devices and software which augment,
and often enhance, the human experience of the
world. Consider, for example, wearable technology,
the ubiquity of increasingly powerful smartphones,
or the development of 3D printing. These
technologies do not immerse but rather they
augment. They allow the user to engage with the
material world in tandem with digital technology.
They are authentically tactile and blended with the
physical world, offering renewed sensorial
prominence and perhaps more cognitive depth
through material engagement. Such technologies
require a model of virtual archacology which could
not have been foreseen twenty years ago. However,
the essential need to experiment with the use of
technology, to play with it and to find new
archaeological applications remains constant.

3. Virtual Archaeology Remains Useful

Many discussions regarding the epistemological
status of virtual archaeology over the last two
decades can be seen as an expression of a deeper
anxiety  discourse  affecting  archaeological
computing in general (Ryan 2001, Frischer et al.
2002, Forte & Pescarin 2006, Pujol 2008, Llobera
2011, Huggett 2013, Forte 2014). Unfortunately,
virtual archaeology became a contentious term in a
way that other terms such as archaeological
computing did not. This issue can be largely
attributed to the fact that virtual archaeology became
associated with a specific technology and a particular
conception of how that technology might be used
within archaeological practice. In fact virtual
archaeology has suffered a similar fate to many other
things which incorporated the word ‘virtual’, virtual
reality being the prime example. This phenomenon is
well documented elsewhere in the humanities, where
J Stern (2003) has shown how the language of
technology, and the misuse of this language, has
been used to sell specific assumptions (academic and
ideological) relating to technology. The challenge set
by Sterne is to find a means of meaningfully
appropriating new technology; to develop new
conceptions of technology which are shaped by the
intellectual themes and methodologies of our
discipline (Sterne 2003, 370).

In the remainder of this paper we will draw on one
contemporary technology: additive manufacturing.
This potentially disruptive technology prompts us to
re-engage with some of the core concepts of virtual
archaeology, emphasising the fluidity of the term and
the continued relevance of the conceptual framework
which underpinned its initial use. The case study of
additive manufacturing helps to demonstrate that
beyond its association with specific technologies the
spirit of virtual archaeology provides a mechanism
for negotiating the use of any technology in
archaeological practice.

4. The Spirit of Virtual Archaeology Re-Engaged

One popular example of additive manufacturing,
known variously as consumer 3D printing, and rapid
prototyping, is experiencing a great deal of hype at
the moment. However, additive manufacturing,
which, has been around longer than virtual
archaeology, encompasses a set of far more mature
technologies that have long since passed over the
peak of inflated expectations, through the trough of
disillusionment, and are steadily advancing up the
slope of enlightenment to the stable plateau of
productivity, according industry analysts (Gartner
2013).

At a very high level, the huge array of available
additive manufacturing technologies can be loosely
classified into three groupings. (For a full treatment
see Lipson & Kurmar 2013). Selective extrusive
printers in essence squirt, squeeze or spray pastes or
powders through nozzles, syringes and funnels of all
sizes to build up objects by depositing materials in
layers. Selective binding printers by contrast, fuse,
bind or glue materials together, again in a layers. The
aforementioned technologies can, in one sense, be
seen as producing analogue printing or additive
manufacturing outputs using digital controllers.
Currently at the cutting edge is true digital assembly
using pre-manufactured physical objects. We can
think of them as Lego blocks. However, precise
assembly of billions of small physical voxels made in
different and multiple materials remains a huge
computational and fabrication challenge. Of course,
hybrids, deploying multiple print heads, deploying
various different fabrication methods, could also be
configured.

Lipson and Kurmar (2013, 265) summarise the
evolution of additive manufacturing as three episodes
of gaining control over physical matter, control over
geometry, composition, and behaviour.

First is an unprecedented control over the geometry,
or shape, of objects. 3D printers can already fabricate
objects of almost any material in any shape. Next is
control over the composition of matter. We have
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already entered into this new episode where we go
beyond just shaping external geometries to shaping
the internal structure of materials with unprecedented
fidelity, with the possibility of printing multiple
materials including ‘entangled components’ which
can be co-fabricated simultaneously. The final stage
is control over the behaviour of materials, where they
envisage programmable digital materials — made of
discrete, discontinuous units — which are designed to
function in a desired way, such as spongy,
transparent, rhinoceros-shaped, in shades of grey and
blue — perhaps even embedded with nano devices.
Voxel-based printing affords the notion of different
types of voxels (Hiller & Lipson 2009). Imagine, if
you will, a library of archaeologically-defined
material voxel types.

Control over shape provides a bridge between
existing 3D modelling formats and the ability to
repurpose them as 3D printed physical objects.
Existing point clouds, terrain and solid models,
indeed any system that can output STL format files
can be 3D printed. By way of example, a 3D-printed
map of the cone, crater, and summit of Mount St.
Helens, Washington, USA, 1is available on
Shapeways.com in three sizes (e.g., TinyMtn 2014),
various other terrain models have been extracted
from GIS systems for 3D printouts in South Africa
(Agrawal et al. 2006), and geologists have 3D
printed a stack of geology (i.e., stratigraphy) from
north eastern Germany (Loewe et al. 2013).
Although all these examples produce solid objects
made in a single material, with the same density
throughout, they nevertheless communicate in a very
tangible fashion.

Makers print all kinds of materials: from bread
dough, chocolate, and other food-based materials
with their pronounced olfactory characteristics
(which, incidentally, introduces another cross-
sensory modality into the mix), to gypsum, sand,
soil, terracotta, metal alloys, plastics and polymers.
At a somewhat higher level of technological
sophistication, and, commensurately funding,
modern industrial additive manufacturing
technologies span a wide spectrum of applications
across a very broader range of scales: from
bioprinting living ink; replacement body parts and
prosthetics;  manufacturing  textiles; ceramics;
glassware; jewellery; furniture; weapons; vehicle
components: and innumerable parts and fixtures,
including 3D printer components (Lipson & Melba
2013). Crucially, they can also combine multiple
entangled materials (e.g., Vaezi et al. 2013, Vidimc¢e
etal. 2013).

Let us, as it were, step back and open the aperture of
the nozzle, to demonstrate some more examples at a
much larger scale and, perhaps, further afield. The
potential of additive manufacturing, primarily in the
form of 3D printing and rapid prototyping for

archaeology and related disciplines is well
established. For example, Midwest Studios 3D
printed a highly detailed architectural model, for a
new Carmelite foundation, designed as a classic
French gothic monastery, including flying buttresses,
for a growing community in Wyoming, USA, using
the architect’s (McCrery 2014) CAD files. In Europe,
Swiss architects (Hansmeyer & Dillenburger 2014)
created and 3D printed an ultra-modern, gothic-like,
human-scale, immersive space dubbed the ‘Digital
Grotesque’. This room-like structure was assembled
from 64 massive separate printed sandstone-like
parts, containing 260 million surfaces printed at a
resolution of a tenth of a millimetre. The 11-ton
room took a month to print but only a day to
assemble. Elsewhere, the European Space Agency
and architects Foster+Partners are exploring the
feasibility of building future moon-bases using
fabricators exploiting local materials (i.e., regolith or
lunar soil). Of course, at the moment, these projects
require the use of terrestrial simulants, in other words
materials with the same necessary material properties
(ESA 2014).

Shifting the meaning of scale somewhat, 3D printing
is already causing fundamental changes to our
interactions with the finds record and other
archaeological assemblages. The Smithsonian
museum, for example, has embarked on the
ambitious X3D project, which aims to digitalise all
137 million iconic items in its collection, and make
them available for 3D printing anywhere in the
world. In so doing, we should note, they are also
making them available for transcultural discourses
within ethnographic archaeologies, in the sense of
Castaneda and Mathews (2008). Nowadays, virtual
museums allow anyone to download and 3D print
‘your own museum’ (e.g., Lincoln 3D Scans 2014).
Scholars have been sharing 3D printed artefacts for
great academic profit for some while already.

Cuneiform tablets are the world’s oldest known
writing system. Older still are bullae, a form of
Mesopotamian record-keeping technology in which
accounting tokens were sealed inside hollow clay
envelopes. Intact sealed bullaec are extremely rare.
Export of these priceless artefacts from their modern
countries of origin (or discovery) and between the
few existing major collections is, unsurprisingly,
restricted. Nevertheless, specialists all over the world
want to examine every minute detail of the tiny, fine
characters, but photographs and drawings are
generally regarded as inadequate transcription.
Accessing the insides of the bullae is only
conceivable using non-invasive methods (Marko
2014). An approach currently being developed
combines CT scanning and 3D printing capabilities
to enable detailed visual and tactile examinations
with minimal handling so that originals can be
safeguarded (Kaelin 2013).
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These new objects may be (re)printed in different
materials at different scales and the bullae facsimiles
can be broken open to reveal sealed tokens within
their interiors, and thereby made available for study
without damaging the original artefacts. Such virtual
artefacts, are easy to export electronically and
download anywhere, rematerialised in any
multivalent, transcultural space. Another form of
additive manufacturing was employed by researchers
in Wales to reverse engineer the construction of a
medieval ship. The use of this technology not only
produced an accurate geometric model to assist the
reconstruction of a 15" century ship found in the
River Usk, it also demonstrated how material-
characteristics can potentially be controlled to
contribute to a better understanding of the original
artefact’s construction than is possible within
traditional approaches (Soe et al. 2012).

5. Towards an Additive Archaeology

Let us now become more speculative, more
aspirational, and explore some facets of additive
manufacturing pertaining to materialisations of
virtual archacologies that might come to be.

As additive manufacturing evolved from producing
primarily single-material, homogenous shapes to
producing multi-material geometries in full colour
with  functionally = graded  materials  and
microstructures, it created the need for a standard
interchange file format that could support these

powerful new features. The response was the
Additive Manufacturing File format (AMF), an open
standard for describing objects for additive
manufacturing processes such as 3D printing (AMF
ASTM 2014). What is striking about the AMF
format is that it encapsulates the typical recording
sheet used on a modern archaeological excavation
(Fig. 3), but does so in much finer spatio-
compositional, that is in both macro-morphological
and micro-morphological, detail.

If we did recast our recording method to generate
contexts described in an AMF-like format, we
suggest that archaecology would be a step closer to
aligning the virtual and physical worlds, and a step
closer towards the possibility of rematerialising
archaeological entities found in the field.

What is to stop us from recording our excavations in
such a way so as they can be refabricated? Current
methods are clearly deficient. Here, by the way, we
are not suggesting that all excavation should be 3D
printed. We submit that if we recorded in such a way
that we could rematerialise, or refabricate, our
excavations in 3D then we would have improved
substantively our practice.

Some will argue that current procedures are adequate
for current needs. We counter, that in a uniquely
destructive discipline, are we not ethically obliged to
strive for superior recording practices?

Context Record Elements
SHAPE PLAN
SHAPE SIDES
SHAPE BASE
X/Y/Z CO-ORD
LEN./WIDTH/DIAMETER/DEPTH

SOIL COLOUR
TEXTURAL CLASS
COURSE COMPONENTS

ARCHAEOLOGICAL
COMPONENTS

AMYF Elements

« OBJECT

+ GEOMETRY
COLOUR

CONSTELLATION
METADATA

Figure 3 Materialisation: the AMF file format encapsulates all the elements of an archaeological context record
making possible a closer alignment between virtual and physical worlds.

Glimpses of additive archaeology, which is just one
particular echo of the spirit of virtual archaeology
materialised through additive manufacturing, can be
discerned already in the work of soil scientists and
archaeologists  conducting virtual excavations

involving both scientific visualisations and 3D
printing. For example, using a combination of
Computed Tomography (CT) and 3D printing, soil
scientists now have the ability to explore something
so intricate and detailed as the structure of soil, close
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up, and set up multiple experimental investigations
(Otten & Falconer 2014). Similarly, archaeologists
can now disaggregate and re-aggregate non-
intrusively a coin hoard found in one of two pots
near Selby in the north of England. The CT data,
which can be resolved down to two microns, were
processed to produce an animation (Miles & Cox
2013) and extract 3D prints of some of the coins
(Miles, 2012, Miles et al. 2014).

Conclusion

Additive manufacturing is just one technology
enabling the spirit of virtual archaeology to generate
new challenges to transform archacological practice
positively.  Printing artefacts, monuments and
cultural landscapes is established technologically and
is already starting to disrupt both transcultural and
disciplinary discourses and narratives as direct access
these e-cultural entities by almost anyone, almost
anywhere, to materialise them in any transcultural
space, effectively disintermediates the opinions,
interpretations and ‘authority’ of archaeologists and
cultural resource managers. The implications of the
above abbreviated, and much truncated, thesis for
archaeology are immense. Releasing the spirit of
virtual archaeology will add a technological nuance
to the debate on the ontology of archaecology
(Hamilakis 2014, 128).

We specifically contend that additive manufacturing
provides a credible challenge to traditional
archaeological practices (e.g., in recording). With
this in mind, we want to respond to J Huggett’s
(2013) call for disciplinary ‘grand challenges’ for the
next generation of archaeologists, so as to provide a
catalyst for renewed innovation, strength of purpose,
and direction in archaeological computing. We
propose a disciplinary grand challenge to fabricate an
excavation. That is an excavation rematerialised so
as to be geometrically and compositionally accurate,
whereby the curious can explore iteratively,
reflexively, and comprehensively, the disaggregation
and reassembly of archaeological entities
encountered through archaeological intervention in
such a manner as to engender a constant, multivalent,
hermeneutic cycle between analysis and synthesis.
We envisage that in striving to meet this challenge,
the discipline will establish elements of an exemplary
platform for strategic innovation, affording the
development, and structured introduction, of
innovative and distinctly archaeological approaches.
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PHOTOGRAMMETRY AS A TOOL FOR ARCHITECTURAL ANALYSIS:
THE DIGITAL ARCHITECTURE PROJECT AT OLYMPIA
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HepiZnyn/ Abstract

To Digital Architecture Project (DAP) dnpuovpyel povtého TpidV S10GTACEDV KOl YNOLUKEG OVOTOPOCTUCELS
Apyoikov eMnvikov vaov. [Ipéceatn eotoypappetpikn €pgvva tov voov g Hpag otmv Olvpmia, tov
apyodTEPOL Kot KoAvtepa Sotnpnuévov owodounuotog Aopikov pvBuod oty EAAGda, odqynce otmv
KOTOGKELT] €VOG TPWOLICTATOV HOVTEAOD LYNANG avaivong yia To owkoddunua (Swotdcemv 20x50 p mepinov).
H ypappwn axpifeia pérpnong €xst kabopiotel oto0 £ 1 yAot. og tomkd emimedo, kot oto = 10 yAot. o€
noykoopo eninedo (95% CI). H avdivon tov ontikomowcemv €xel Ndn dOCEL GNHOVTIKG oTotKElo Yoo Tnv
OPYITEKTOVIKT 1oTopio. Tov vaov. [ ™ Swyeipion tov peydAov OyKov TV dedoUéVmVY, To HOVTEAL £XOVV
arodobel oe eminedo 600 dlacTdcE®Y og avticTolyio pe T ovuPoatikéc Kotowelg kot topés. To DAP mpoteivel
&va Ynelakd Lovceio Yo T 14000 OVTOV TV dEO0UEVMV.

The Digital Architecture Project (DAP) produces 3D models and reconstructed visualizations of archaic Greek
temples. Its recent photogrammetric survey of the temple of Hera at Olympia, the earliest well-preserved Doric
structure in Greece, resulted in a high-resolution 3D model for the ca. 20x50 m structure. The linear
measurement accuracy has been determined to be as high as = 1 mm locally, and + 10 mm globally (95% CI).
The analysis of the visualizations has already provided valuable insight into the temple’s architectural history. In
order to manage the large amount of data, the models have been rendered in 2D layers corresponding to
conventional state plans and elevations. The DAP proposes a virtual museum for disseminating this resource.

Keywords: Olympia, architecture, photogrammetry, accuracy, 3D recording, virtual museum

Introduction

Photogrammetry (PG), the process by which 3D
coordinates are measured from a camera, has the
potential to revolutionize how we study and
document antiquity. While the principles have long
been applied for aerial survey, only in the 1980s was
‘close-range’ PG successfully adapted for precise
measurement of objects from the ground (Fraser &
Brown 1986). With the development of inexpensive
digital cameras in the 1990s and software for their
calibration, PG has become widespread in many
other applications (Luhmann 2010). Although not as
reliable as metric cameras, a consumer SLR can still
be calibrated for measurement accurate to 0.1 mm
over a 2 m object (Fraser & Al-Ajlouni 2006, Rieke-
Zapp et al. 2009, Zhenzhong et al. 2010).

Over the past 15 years, researchers engaged with
cultural heritage (CH) have explored the potential
applications of close-range PG (Cignoni & Scopigno
2008, Doneus et al. 2011, Kersten & Lindstaedt
2012, Pavlidis et al. 2007). Many CH projects have
used PG to extract coordinates for CAD modelling,
typically at the scale of a building or a larger
complex, such as a castle. With commercial software
like PhotoModeler (© EOS Systems), cameras were

calibrated by alignment to control points so that new
features could be measured by manually marking
them on several images. Because this process is time-
consuming, the network of extracted points was
typically limited to diagnostic features, which can
then be imported into a CAD interface for building
an idealized 3D surface model (e.g. Arias ef al. 2007,
Styliadis 2007, Yilmaz et al. 2008). At first, close-
range PG found a niche as a proxy or supplement for
time-of-flight laser systems, especially a Total
Station (TS) (e.g. Sahin et al. 2012, Yastikli 2007).
Unlike the high accuracies attained in controlled tests
of PG, many of these CAD-oriented CH projects
have reported significant levels of error, with 2-10
cm inaccuracies common in field reports. The focus
on measuring coordinates for idealized CAD
modelling has meant that the preponderance of CH
projects used PG for publicity and education, its
implementation being too unreliable and time-
consuming for finer analysis.

The situation has changed radically over the past five
years. Modern PG software has been enhanced by the
incorporation of computer-vision algorithms that
automatically match features — a process variously
termed Multi-Image PG, Image-Based Modelling, or
Structure from Motion (Cignoni & Scopigno 2008,
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Luhmann 2010, Vergauwen & Van Gool 2006), and
which I will refer to as ‘automated PG’ in this paper.
Software automation has been applied throughout the
procedure, from the initial stage of camera alignment
to the subsequent extraction of a point-cloud
interpolated from automatically matched points.
With automation, PG really begins to shine: rather
than requiring a full day for an operator to measure a
few hundred points manually, automated software
can reconstruct millions of features within hours or
even minutes. With the increases of processor power
and RAM capacity in modern computers, detailed 3D
reconstruction can be obtained even with a laptop.
The software can rapidly produce clean 3D surface
meshes with high-resolution photographic textures,
making PG an increasingly appealing alternative to
laser-scanning (e.g. Koutsoudis et al 2013,
McCarthy 2014).

Still, the potential for automated PG demonstrated in
the laboratory has yet to be fully realized in practice.
While errors below 1 mm have been established in
controlled conditions (Jennings and Black 2012,
Koutsoudis et al. 2013, Remondino et al. 2009),
measurement mistakes on the order of 5-10 cm are
typical in automated PG projects at buildings and
sites (Bhatla et al. 2012, Dai and Lu 2010, Doneus et
al. 2011, Klein e/ al. 2012, Remondino et al. 2012,
Sahin et al. 2012). A standard error of about 1 cm
has been reported in a few applications at the trench-
and building-scale, implying mistakes in the 1-5 cm
range would occur in these datasets (De Reu ef al.
2013, De Reu et al. 2014, Dellepiane et al. 2013,
Kertsen & Lindstaedt 2012, Koutsoudis et al. 2014,
Olson et al. 2013, Riveiro et al. 2011).

As the software becomes increasingly powerful,
automated PG promises to surpass illustration by
hand and laser-scanning as the standard recording
technique in the field and museum. However, the
quality and accuracy of PG under the demanding
conditions of the field, the potential research value of
the resulting 3D meshes, and how digital 3D data are
best published have yet to be established. I consider
each of these questions in light of my recent
implementation of PG at Olympia. This paper
focuses on mesh quality, but it also considers PG as
an analytical tool and describes plans for publishing
these 3D data in a virtual museum.

1. The Digital Architecture Project

The Digital Architecture Project (DAP) exploits the
power of automated PG for field recording and
publication of ancient architecture. In service of its
broader investigation into the emergence of the Doric
style in the Archaic Period, the DAP is creating 3D
models of the current state and reconstruction of
temples from Mainland Greece and Italy. The high-

resolution ‘state model’ for each ancient building is
intended to support architectural analysis, by
superseding the kinds of 2D plans and elevations
used in traditional architectural illustration.

The first subject of the DAP is the Temple of Hera at
Olympia, chosen for its excellent preservation, early
date (c. 590 B.C.), and importance to the
development of early Doric architecture (e.g.
Dérpfeld & Schleif 1935). Initial fieldwork was
completed in July 2013, resulting in the 3D models
presented here. Although fieldwork will continue, the
recording of the building is already largely complete.

Objectives: The recording system developed for
Olympia was designed to test the effectiveness of PG
under difficult field conditions. A major question is
whether PG can supersede manual illustration, which
continues to be the standard approach to recording
ancient architecture. There are five aspects to
consider (compare to Pavlidis ef al. 2007):

(1) Scale: The field methods must be efficient
enough to be applied to buildings and large
complexes. In addition to the in situ remains, the
DAP plans eventually to digitize displaced
architectural fragments in the museum, but for now
the process is only evaluated for a whole building.

(2) Quality: The precision for architectural study and
analysis must be as high as for manual recording.
Dimensions are published to the nearest mm or cm in
most architectural studies, and features down to
individual tool marks or joint surfaces are recorded.
Thus, PG models need a resolution of 1-2 mm or
less, or else fine details will be lost and mm-level
measurement will be impossible. The error for
manual recording is relatively high, however; at the
building scale, manual or TS linear measurement
error is at least + 5—10 mm, and often greater.

(3) Practicality: for widespread adoption, the PG
method should be simple enough to be implemented
by CH researchers with some technical skills. The
equipment must be portable and be able to function
even at an active site like Olympia with thousands of
visitors every day.

(4) Budget: While 3D modelling for CH has in some
cases attracted tens or even hundreds of thousands of
dollars in funding — e.g. for laser-scanning significant
monuments — minimizing cost is essential for most
field projects. Processing time after the fieldwork
concludes must also be considered.

(5) End-product: The 3D data should be presented in

formats usable by researchers without demanding
special technical skills or costly software.
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Figure 1 Digital top plan of the Heraion at Olympia (DAP, © 2013 Sapirstein)

2. Photogrammetry at Olympia

Implementation on site: The DAP used a TS for
measurement on site, establishing a network of 190
control points in the excavation’s grid coordinates.
At least 100 points would be necessary for a building
as large as the Heraion. A Nikon D800e, a 36.3 Mpx
digital camera, equipped with a zoom lens set to 28
mm was used for photography. The 36x24 mm
sensor is sharper than other digital SLRs currently
available, more than doubling the linear pixel
resolution compared to a 12.3Mpx Nikon D5000 also
tested on site. The D800e can capture the full
dynamic range of light under direct midday sunlight.
In comparison, if the D5000 is metered to capture
detail in direct sunlight, it loses definition in the
shadows, and vice-versa. The D800e sensor reduces
the number of photographs required to capture the
stone surfaces at a given level of detail, which
improves accuracy, increases how much area can be
recorded on site, and reduces processing times.

The Heraion is a large structure, but detailed imagery
of its stone surfaces is required for architectural
study. The temple occupies a roughly 55x25x7 m
volume, and the exposed surfaces exceed 1,100 m? in
area. While it might be possible to photograph the
entire structure at once from the air, the resolution
would be limited to about 1 cm per pixel—falling
short of the desired 1-2 mm resolution (Objective
#2). Instead, I took photographs at a distance of 2.0—
2.5 m, on the ground or a ladder, for an initial
photographic resolution below 0.5 mm per pixel.

Due to the rapidly changing light as the sun moved
through the sky, I was limited to no more than a half
hour of photography at one time: otherwise the
shadows changed too much in orientation and
character for the software to locate matching points
accurately. Because it was physically impossible to
photograph the entire structure this quickly, the job

had to be divided into segments. One might
document the entire building under the same lighting
conditions by shooting only at the same period each
day — which would take about two weeks for the
Heraion. However, as an architectural historian, I
wanted to have raking light cast on the surfaces,
which emphasizes tooling and other subtle
inflections in the stone texture that are difficult to see
in full shadow or direct illumination. For example, I
elected to photograph the south and north faces of the
cella walls at different times of day so as to record
both sides under raking light, even though this
required separate batches of photographs. This also
allowed me to finish the job more rapidly by
photographing segments of the building when
optimal lighting was available at various times of
day. The whole temple was captured in 17 different
groups of photos. Although the software cannot align
these groups to one another directly, they are
oriented to the same control points. The final
imagery blends segments with different lighting
conditions, as can be seen in Figure 1.

Processing in the office: Automated PG requires
intensive computation to extract dense 3D meshes.
The DAP used two laptops with 8GB of RAM and
dedicated graphics cards. The commercial software
used for PG, Agisoft PhotoScan Pro, is the least
expensive of the commercial options with survey
capabilities (De Reu er al. 2013, Koutsoudis et al.
2014, Olson et al. 2013, Remondino et al. 2012). The
program has four primary phases requiring user
input. First, one must load a group of photographs
into a new project file and calculate the alignment.
Although fully automated, the calculation of the
camera orientations and calibration took up to three
hours for the largest groups of photos (up to 300).
Second, one must identify the control points
measured with the TS, which at Olympia were nails
driven into the ground and marked with a 1 mm dot.
While sturdy and easy to measure with the TS, the
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Figure 2 Comparison of the DAP and manual plans
at the opisthodomos (Dérpfeld & Schleif 1935, pl. 9)

nails had to be marked manually in the software. The
software then calculates a Procrustean fit of the
marked PG points to site grid coordinates recorded
with the TS. Manually marking points was the most
time consuming of the processing stages. While I
could finish smaller sets in as little as 30°, the largest
groups took 2-3 hours. I also made mistakes,
necessitating a time-consuming search to discover
which incorrectly marked point had thrown off the
PG measurement. The third phase is dense surface
reconstruction. This requires almost no user input but
is the most computationally intensive step. The
processing times vary depending on the parameters
and RAM capacity, but I limited calculations to
about five hours. Fourth, the photographic texture is
projected on the resulting 3D mesh. This requires
little user input and computes quickly.

The 17 groups of photographs had to be aligned and
rendered separately. Although there were 2000
photographs in total, no group had more than 300
images. To save computing time, I used the
program’s ‘Medium’ quality settings, which down-
samples to 1/4 of the pixels in the original images.
The largest sets still had to be subdivided into
smaller segments for processing because of RAM
limits. In the end, the Heraion was divided into 50
processing segments, each decimated to 4Ma vertices
and draped with an 8192x8192 pixel texture.
Although the resolution of the 3D geometry is high
for sharp features, like corners, small perturbations
below about 2 mm, like chisel marks, are blurred in
the 3D mesh — whose vertices are spaced 3 mm
apart on average. However, the textures have a 1.0
mm pixel resolution and capture finer details even if
their 3D geometry has been blurred.

Accuracy: While the precision of this data is high, it
is critical to examine its accuracy. Although the error
in manual illustrations of ancient architecture is
seldom discussed explicitly, a standard error greater
than 1 cm can be assumed for drawings plotted by

hand at this scale (1:50 or smaller), due to the 5%
error in human perception (Eerkens 2000). As can be
seen in a comparison of the DAP plan to that
published in 1935 (Fig. 2), there are in fact manual
plotting errors up to 15-20 c¢cm in some parts of the
cella, although in most places these earlier drawings
agree within a few cm of the DAP photogrammetric
plan. This example demonstrates how the scale of
human error can increase massively in areas where
the illustrator is less concerned about accuracy.
While the photogrammetric process can also make
blunders, these are immediately apparent to the
human operator and corrected. Nonetheless, the
standard error in PG varies greatly depending on the
job and must be determined empirically by testing
the results against known points. The publications to
date of field applications using automated PG have
yet to consider the problem of error methodically.

There are several potential sources of error. First, the
internal orientation of the 16-35 mm zoom lens used
at Olympia is less stable than that of a fixed focal-
length lens (Fraser & Al-Ajlouni 2006, Rieke-Zapp
et al. 2009). Tests suggest measurement accuracy
would be improved with a fixed lens, although the
effect is minor at the scale of the Heraion. Second,
the stone surfaces of the temple are rough, pitted, and
covered with lichens, creating high-contrast random
textures ideal for automated PG. However, 1 found
that camera misalignments are common at sharp
external corners, where it is difficult for the software
to identify comparison points across the adjacent
perpendicular faces. This was problematic during
testing. For the final images, 1 took extra
photographs at corners, which fixes these alignment
problems though slows processing. Third, the DAP
relies on a TS to survey the network of control
points, which has a standard measurement error.
With the survey prism, the Leica TCR 407 Power has
specifies a o of 3 mm for distance error, to which
must be added at least 1-2 mm error from setup over
the base point, and another 2—-3 mm from the prism
not being exactly over the point being measured. In
practice, the TS readings will differ by ca. + 10 mm
from the true point at a 95% confidence interval (CI).

For quantifying error in the DAP models, I
distinguish global from local error. Global error
represents the divergence of PG-derived points from
true site coordinates, whereas local error represents
the internal consistency over shorter segments of the
model. Local error was examined by comparing
models at the intersection of the north and west cella
walls, where there are five separate groups of
photographs. A total of 10 meshes with a 0.5 mm
texture resolution were generated at different
qualities (‘Low/Medium’ or ‘High/Ultra’) to test the
error contribution of the program settings (Fig. 3).
Nine test points on high-contrast features were
marked in 2D, and each scan shifted to minimize the
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X n c RMS
All scans (10) 0.9 78 0.76 1.19
High quality (6) 0.7 43 0.55  0.89
Low quality (4) 1.2 32 0.97 —
Table 1: Local coordinate error (x) in mm, by 2D
distance from points 1-9 (Fig. 3)

n G 95% CI  RMS
PG internal error 162 4.2 +8 4.2
PGvs. TS 162 6.1 +12 6.1

Table 2: Global measurement error in length (mm)

(Differences) <35 5-15 15-25 >25
Clear features 12 6 — —
Indistinct 7 4 6 —

Table 3: PG vs. legacy length measurements (mm)

distance from these points, thereby eliminating
global error. The errors are summarized in Table 1.
Higher quality settings (using 50-100% of the
original image pixels) reduced error by 50% relative
to lower settings (down-sampling to 12.5-25%);
overall the 3D data from Olympia is repeatable
within a 95% CI of + 1 mm. Thus the internal PG
alignments appear to be more accurate than the TS
measurements. However, error in the control points
has introduced minor distortions into the PG camera
alignments, so one might attain an even higher local
accuracy from more reliable control points.

As for global error, the 10 overlapping scans were
shifted by an average of 5 mm (¢ = 4.6) for local
comparison. A more meaningful approximation of
global error, however, is obtained by comparison of
the coordinates measured in the TS to those
estimated in the PG models. A subset of the 19
control points visible in at least three different PG
groups was selected, and the lengths calculated
between these points. Altogether 162 lengths could
be derived from the PG control points for
comparison to the original TS survey. The PG
lengths are not entirely independent from those of the
TS, but they are from a subset of the 129 points used
to position and scale the PG models and thus are the
best available test for the error in measuring length
— which is key for architectural analysis. Table 2
presents an internal comparison of lengths (relative
to control point coordinates averaged from all 17 PG
sets), and the PG lengths against those from the TS
survey. The former is an underestimate of the
standard PG length error, whereas the latter is an
overestimate because it disregards the internal
accuracy of the PG network relative to the TS
survey. The errors are normally distributed,
indicating a 95% CI of ca. = 10 mm for lengths.

These results for global error are corroborated by the
comparison of PG lengths of features to
measurements from the early 20% century (Dérpfeld
& Schleif 1935). These legacy measurements (taken

i e o a
Figure 3 Comparison points, north cella wall

manually with a tape) are published to the nearest cm
and so only provide an approximate indication of the
PG accuracy in mm. Some features are clear and
consistent in width, whereas others are obscured by
slight changes in dimension in the feature, either
from damage to the stones, or from inconsistencies in
the ancient workmanship. As recorded in Table 3, of
the 18 clearer features, the PG measurement is
indistinguishable from Dorpfeld’s in 12 cases, and
about 1 cm off in the other 6 cases. As might be
predicted, the PG measurements of the 17 less
distinct features differ more from the legacy data, but
the two sets of measurements are all within 2 cm of
one another, with a median discrepancy of 1 cm. Of
note is the close correspondence in the stylobate
width (18.75 legacy vs. 18.746 m PG) and length
(50.01 vs. 50.012 m) and the column height (5.22 vs.
5.216 m), because these measurements are of
particular concern for architectural analysis and
would have been taken carefully by Dorpfeld.

These are approximations of the standard error, but
we can be reasonably confident that linear
measurements from the PG models are unlikely to
differ by much more than 20 mm from the reality.
The 3-c linear measurement error (LME) is a useful
standard for architectural analysis (Luhmann 2010;
Rieke-Zapp et al. 2009). The global LME can be
estimated at 18-26 mm, whereas measurements over
smaller regions — such as individual orthostate
blocks that were captured within a single photograph
— are more accurate, with an LME below 5 mm.
Although further improvements in the PG accuracy
are possible, the existing models are already well
within the accuracies required for most architectural
analysis (Objective #2).

Cost is perhaps the most important consideration if
PG is to be widely used for the study of architecture
(Objective #4). First is the hardware kit: a TS (ca.
$6,000), the camera (ca. $4,000), a computer with
adequate RAM (ca. $3,000), and the software (c.
$500). The DAP will acquire a boom for raising the
camera above the level of the Heraion columns (c.
$1,500). This kit can be reused for many jobs, and
both the TS and a laptop computer are commonplace
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in fieldwork and can be borrowed or rented at
minimal cost. If this hardware kit is used repeatedly,
a budget of ca. $1,000 per project is conceivable.

Labor costs depend on the setting of the projet and
are better reported by the hour. The TS survey lasted
two days with a two-person crew (30 crew-hours).
Two workers took four days to clean the site before
photography (60 hours). Excluding practice sessions,
photography was completed in three days (20 hours).
Preparing the data in the software took 40 hours,
spread out over two weeks between calculations.
Cleaning, exporting, and rendering the tiles into
combined 2D projections—described below—
required ten days, due to some mistakes and
experiments with the procedure, though could be
streamlined to five days (40—80 hours). Altogether
the Olympia project required about 130—170 hours
for technicians and 60 hours of manual labour. The
project was completed in five weeks: two on site, and
three for rendering and exporting models.

Evaluation: The DAP was largely successful in
meeting the five objectives laid out above. For (1)
scale, the majority of the Heraion has been recorded,
although the DAP is returning with a boom for aerial
photographs of the taller columns. The (2) quality
meets the desired resolution of 1 mm or less per
texture sample. Accuracy is superior to manual
illustration, although it could be refined with the
addition of aerial photographs, a fixed-focal-length
lens, and coded targets. The (3) practicality is well
within the standards for fieldwork in Greece, with
portable, commonly available equipment and
inexpensive, highly automated software that can be
learned within a few weeks of instruction and

Figure 4 East elevation from the Heraion as 2.5D slices (DAP, © 2013 Sapirstein)

practice. The (4) budget is considerably less than that
of 3D recording via terrestrial laser scanning, and
post-processing is fast due to the clean mesh
reconstruction produced by the PG software. It also
is much cheaper than manual illustration, which for
the Heraion would require more TS measurements
and several months of drawing. I now turn to
consider the final objective (5): a viable end-product.

3. Data Management and analysis

The technical limitations of current computer
software and hardware have been a major obstacle to
the publication of large 3D data sets (e.g. Cignoni &
Scopigno 2008; Koller er al. 2009). The Olympia
models together contain more than 200 million
vertices, two gigapixels of surface textures, and 10
gigabytes of files — far too complex for
simultaneous interactive display on a desktop
computer, and too bulky for efficient Internet
distribution. Currently the model exists as 50
separate segments. After a final season of survey and
rendering, the DAP will decimate and combine the
segments into a unified model for simultaneous
display. However, current GPU limitations will
require the elimination of about 95% of the 3D points
and 80-95% of the texture detail for rapid
visualization. Being no more than a small sample of
the data, such a model is useful more for publicity
than analysis. Even so, the file at this resolution will
contain several hundred megabytes of compressed
data, and an even coarser version would be needed
for embedded display on a website.

The solution adopted by the DAP is to present the
temple through a series of pre-rendered high-
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© 2013 Sapirstein)

resolution 2D views, which can be rapidly exported
from the models (also see Dellepiane et al. 2013, De
Reu et al 2014). Separated into layers showing
different depths of the structure, the 2D planes are
orthogonal—taking advantage of the rectilinear
design of the Heraion (Fig. 4). The third dimension
can be retained in the flattened layers by depth-
mapping, as in a DEM. This 2D/2.5D conversion has
many advantages: it greatly reduces file sizes,
improves interactivity, and visualizes the 3D
information in a manner consistent with traditional
architectural illustration, all while retaining the most
critical spatial data for architectural study.

PG and architectural analysis:  These 2D
representations at Olympia have already led to the
discovery of new features, with the potential to alter
radically our understanding of the Hera temple. First,
the DAP has documented clear constructional
evidence to overturn the widely accepted theory that
the external peristyle was initially constructed with
wooden columns. Instead, these columns must have
been initially executed in stone and are the same as
those now in situ. Second, it is clear from the 3D
models that the building is inclined, such that the
long walls and east-west stylobates slope down
substantially toward the west (Fig. 5). The
consistency of these slopes throughout the building
demonstrates that they were deliberately designed,
although a variety of explanations can be imagined.
The results will be published with my collaborator on
site, David Scahill, so I will limit my discussion here
to general remarks on the use of PG for analysis.

First, the PG models are as close to an objective
recording as can be obtained with current methods
(De Reu ef al. 2013, 2014, Olson et al. 2013). Laser-
scanning provides a costlier alternative to PG, and
must integrate a separate camera to acquire textures
at resolutions as high as those in the DAP models.
This reduces the utility of laser-scans for examining

the finer elements of Greek masonry such as tooling
and joints. Hand-drawing is a more relevant
comparison to PG, because it has been the prevailing
standard for architectural recording for centuries.
Drawing remains a valuable skill, but each line set to
the paper reflects a choice by the illustrator. A
drawing emphasizes certain elements—usually the
perimeters of blocks and chiselled features—at the
expense of the remainder of the building. Depending
on her or his objectives and state of mind, an
illustrator will often omit features during a session
that may be important to another researcher. As can
be seen in Figure 3 (above), the PG renderings
obtained during raking light make these diagnostic
features clear to an observer without eliminating
other spatial and chromatic information.

The DAP recording of a subtle but consistent
inclination in the Heraion platform emphasizes the
importance of objectivity in recording. The slopes
were briefly noted but dismissed as the result of later
ground settling (Dorpfeld 1892), and all the manual
renderings of the Heraion straightened out the
building as if it were perfectly horizontal.
Furthermore, these inclinations are difficult to record
and visualize even with TS measurements due to the
extensive damage of the blocks, which obscures the
nature of the slope. An illustrator working on site
would have difficulty understanding the nature of the
slope, and like Dorpfeld would tend to turn his
attention to other features of the building that are
more easily intelligible to a human observer. In
contrast, by collecting tens of millions of spatial
measurements, the elevations from the PG model
make the slopes and their consistent orientations
immediately obvious. Another advantage of working
with 2D imagery is that it can be compressed along
one axis, like in the lower part of Figure 5, which
emphasizes the slope by expanding the vertical scale
by 5:1. Thus the PG analysis has revealed a critical
design feature of the Heraion that has been
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overlooked for more than a century since its
excavation, and is difficult to record or analyse by
any other means.

Generally, the 3D data from PG allows researchers to
pose questions and answer them immediately, instead
of requiring a time-consuming return to the site and
TS resurvey (Domingo et al. 2013, De Reu ef al.
2014). One can go back repeatedly in this virtual
environment to check features which were missed at
first — like the sloping courses. Of course, working
on the building in the field, and taking measurements
by hand, still offers indispensable information.
However, now that the DAP models have been
created and rendered, every future visit to Olympia
can be devoted to thinking through higher-level
analytical problems about the temple.

4. Digital publication and the virtual museum

The 2D layers for analysis will also promote the
digital publication of the Heraion. I have drafted
specifications for a novel system for disseminating
its models not only for publicity, but in a format
amenable for detailed analysis and annotation by
scholars and students alike. Currently in
development, the DAP project website will allow the
interactive exploration of the Heraion imagery at full
resolution through the 2D layers (Fig. 6). The 3D
models will be available for display at low quality
embedded in the web browser, and as downloadable
files for higher-quality offline display, but the core
navigation will be panning and zooming through this
flat, pre-rendered imagery.

s and texts at Olympia (DAP, © 2013

The layered approach will enable the linking of the
3D models to texts and other imagery. Standard 3D
data formats do not support linking with other
sources of information. Methods to store annotations
in 3D space are an active area of investigation,
although implementations to date are experimental
and have limited functionality (Aliaga et al. 2011,
Koutsoudis et al. 2012, Soler et al. 2013, von
Schwerin et al. 2013, Yu & Hunter 2013). There is a
wide variety of information to include in a virtual
museum of the Heraion in addition to its physical
remains. The 3D models can be supplemented by
texts, including metadata, higher-level explanatory
and synthetic commentaries, and archival texts like
excavation records or publications. The interface
should incorporate 2D imagery, such as historical
photographs or reconstruction drawings from past
studies. By uniting all of the relevant knowledge
about the Heraion under a single interface, the DAP
website will be a ‘virtual museum’, replicating the
types of information recorded in a print publication,
even while enhancing their accessibility and
clarifying their spatial relationships.

By means of web-based mapping and GIS
technologies, specific coordinates or areas of the
2.5D layers from the 3D model can be linked using
hypertext. This would enable a user, for example, to
focus on a column setting to display further
information (Fig. 6), search for all excavation
notebook records referring to a particular part of the
Heraion, or navigate the 3D model by clicking on
features in an archival photograph. Besides providing
a rich, comprehensive digital resource for the temple,
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this digital approach has the potential to streamline
the publication process significantly. Whereas
traditional architectural studies typically take a
decade or more to appear in a print monograph,
through this interface the DAP will be able to release
high-quality imagery of the building and associated
annotations as they are created. Finally, while the full
3D data set, such as the raw photographs and
working models used to produce the project files, can
be archived on an archaeological digital preservation
service, the dissemination system described here will
provide users convenient access to the polished 3D
models for exploration and analysis of the Heraion.

Conclusions

In general, 3D reconstruction via PG is one of the
most significant advances for the documentation and
study of ancient architecture since the advent of the
TS for field survey. While the TS enabled
researchers to measure many 3D coordinates of
points on a site, photogrammetric reconstruction
offers a much greater potential. In just five weeks,
the DAP successfully completed a working model of
more than 95% of the Heraion, captured at 1-mm
precision and rendered as a series of 3D models and
layered 2D views of the building plan and elevations.
Projection accuracy is good, such that linear
dimensions measured from the models and images
are reliable within 5 mm of reality for smaller
features like individual blocks, and within 20 mm
throughout the building. In addition to the high
quality of the PG models, project costs and
processing times are well below those of alternatives
like laser-scanning or manual illustration. The data
have already led to new observations about the
Olympia temple and challenge the prevailing
understanding of its design and phasing, which are
central to hotly debated topics in architectural history
such as the origins of the Doric style. The DAP plans
to complete the field recording during a final season
at Olympia, and then will implement the project
website. This virtual museum will link the 3D
models via 2D renderings to the relevant texts and
images, creating a comprehensive resource for
research and teaching about the Heraion.
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HepiZnyn/ Abstract

To moapdv apbpo eEetdlel TNV  OMOTEAECUOTIKOTNTO TOV GEPOKAV HETAPANTOV OTIV  K®IKOTOINo™
vroKeipevemv cvveymv petaPAntdv, yeyovdg mov amotehel cuvin mpakTikh oe Proapyaroroyikég pueiéteg. H
avaALOT TEYVNTOV JEYLATMOV OCUVEXDV, CEPLIKMOV Kot SLAdIKOV HeTOPANTOV £3e1&e OTL 1| OTOTIOTIKN
TApoPopio TOV yAveTal KOTA TN HETAPacn omd cuvvexelc oe oegiplokéc petafAntég eivon pukpn. H ypnon
TECOOPOV KAACED®V KATA TN SLOUOPP®OT CGEPLUKOV HETAPANTOV @aivetor va givar emapkng kobdg 1 évtaén
MEPIOCOTEPMV KATNYOPLDV O Pertidvel ta amotedéopata mepartépw. Avtifeta, To dvadikd cvoTiuHoTo
KOTOYpO@NG, 0. OPlOKN TEPIMTMON GEPOKDOY  HETOPANTOV pe SVo povo Kkatnyopieg, mpémel va
APNOOTOOVVTOL HOVO GE TEPTMOELG OOV TO, HEYEDN TV delypdtomv eivol peydro kot to ved e&éraom
delypoto gpeoviCovv onuavtikn da@oporoinon HeTa&d ToVG G TPOG TN UEST T TNG VTOKEIIEVNG GUVEYODG
petapAnTng.

The current paper examines the effectiveness of ordinal variables in coding underlying continuous variables, a
common practice in bioarchaeological studies. The analysis of artificial datasets of continuous, ordinal and
binary data suggests that very little statistical information is lost when ordinal variables are employed. Four-rank
schemes appear to be sufficient for this purpose and the incorporation of more ranks does not improve the results
further. In contrast, binary recording schemes, a marginal case of an ordinal variable with merely two ranks,
should only be used when sample sizes are large and the samples under comparison exhibit substantial
differentiation in the mean values of the distribution of their underlying continuous variable.

Keywords: Ordinal variables, Binary variables, Continuous variables, Statistical analysis, Bioarchaeology

Introduction

Bioarchaeological studies examine a broad range of
ordinal data, such as ordinally recorded entheseal
changes (Alves Cardoso & Henderson 2010, Hawkey
& Merbs 1995), pathological conditions (Fairgrieve
& Molto 2000, Hussien et al. 2009, Novak & Slaus
2011), and nonmetric traits (Nikita et al. 2012). As
biological phenomena, pathologies, entheseal
changes and nonmetric traits exhibit a continuum in
their expression. However, in order to be statistically
analysed, this continuum is broken down in arbitrary
ordinal or binary categories. The question that arises
is how effective these constructed ordinal and binary
scales are in representing the underlying continuous
variables that they code. In other words, when we
analyse ordinal variables, are we obtaining the same
statistical results as the ones we would have obtained
if we had analysed the original continuous variable?

A recent paper (Nikita 2014) approached this issue
by means of artificial datasets that consisted of
normally and non-normally distributed continuous
variables, as well as actual data on entheseal changes

from North African Late Holocene populations. The
main outcome of this study was that a four-rank
ordinal variable can code quite effectively an
underlying continuous variable. However, in that
study the continuous variables were not substantially
differentiated in regards to their mean values, while
the potential impact of the number of ranks used in
the construction of ordinal variables was not
examined. In association to the latter point, the
marginal case of binary variables (ordinal variables
with two ranks) was not explored. Finally, the
analysis of the artificial data was based on one single
dataset of a standard normally distributed continuous
variable and datasets that derived from this by
shifting the mean value. For the above reasons, the
current paper examines this issue  more
systematically by employing more and diversified
samples, coding the continuous variable using
ordinal and binary schemes, using a broader range of
ordinal ranks, performing additional statistical
comparisons that involve 500 iterations, and testing
the effect for different recording schemes using
actual datasets of nonmetric traits from two Early
Minoan (EM) assemblages.
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1. Materials

Under the threshold model (Konigsberg 1990) the
difference in the values of the probit function that are
calculated from the percentage of cases that
correspond to a certain threshold value of two
samples with ordinal data is equal to the difference in
the mean values of the normal distributions with unit
standard deviation that are coded by the ordinal
variable. Based on this observation, we may estimate
the maximum difference in the mean values of the
normal distributions in bioarchacological samples.
From the analysis of ordinally recorded entheseal
changes (data presented in Nikita 2014) it was found
that, under the threshold model, the vast majority of
the differences in the probit function values among
all pairs of populations is less than 1.5, whereas this
difference very rarely extends beyond 2.

Making use of this result, five artificial datasets of
continuous variables were initially created using the
normal distribution with standard deviation equal to
1 and mean values equal to 0, 0.5, 1, 1.5 and 2,
respectively. These datasets are denoted by N(O0, 1),
N(0.5, 1), N(1,1), N(1.5, 1), and N(2, 1). Each
dataset was subsequently transformed into a binary, a
four-rank and a six-rank ordinal variable. The
threshold values used in these transformations were:
1 for the binary variable, the scheme (0, 1, 2) for the
four-rank ordinal variable, and the scheme (0, 0.5, 1,
1.5, 2) for the six-rank ordinal variable. The initial
samples N(0, 1), N(0.5, 1), N(1,1), N(L.5, 1), and
N(2, 1) of the continuous variable as well as the
samples arising from them with binary and ordinal
data will be denoted by 1, 2, 3, 4, and 5. Finally,
from samples 1, 2, 3, 4, and 5, the first 10, 20, 30, 50,
and 100 cases were selected to create sub-samples.

To test the impact of different recording schemes in
an actual bioarchaeological case study, the labial
curvature of the upper first incisors, a dental
nonmetric trait frequently employed in biodistance
analysis, was recorded in two EM assemblages,
namely the material from Kephala Petras rockshelter
and the Livari Skiadi rockshelter. This trait was
originally recorded as an ordinal variable using the
Turner et al. (1991) scoring scheme and was
subsequently transformed into binary variables using
all possible thresholds for presence/absence,
including the threshold proposed by Turner (1987),
which is the standard for this trait in the literature.
Note that in the case of the nonmetric traits, like in
any bioarchaeological phenomenon, the original
continuous variable is unknown, so the comparisons
reported in the following section focus on the
convergence between ordinal and binary variables.

2. Methods

The artificial continuous datasets N(0, 1), N(0.5, 1),
N(1L,1), N(1.5, 1), and N(2, 1) were formed by means
of a homemade macro in Excel VBA using the Box-
Muller method to generate 5x100 random numbers
with a standard normal distribution (Box & Muller
1958). These datasets were further transformed into
ordinal and binary variables using the threshold
values given in the previous section. Subsequently,
pairwise independent t-tests and Fisher’s exact tests
among all subsamples were run, where the
independent t-tests were run for the continuous and
the ordinal variables (see Nikita 2014 for the
application of parametric t-tests for ordinal data), and
the Fisher exact tests for the binary variable. For
each statistical test, the p-value, i.e., the estimated
probability of rejecting the null hypothesis when this
hypothesis is true, was recorded. All statistical
procedures were implemented in the same macro
used to create the artificial data. Another feature of
this macro was that it could create a dataset using a
certain initial seed in the random-number generator
or n = 500 random datasets and calculate the p-values
of all pairwise comparisons for these datasets.
Finally, the p-values of all pairwise statistical tests
were averaged over these 500 iterations. In addition,
the p-values of the 500 random datasets were used to
calculate the percentage of cases where the null
hypothesis of the t-test or exact test was wrongly
rejected or accepted in relation to the p-value of the
t-test of the original continuous variable. It is evident
that this percentage gives, in fact, the probability of
making a type I or II error when coding the
continuous variable using a binary or an ordinal
scheme. For the actual dataset of labial curvature,
comparisons were performed between the two
Minoan samples using independent t-tests and chi-
squared tests with Monte-Carlo permutations for the
ordinal variables and Fisher’s exact tests for the
binary data. The obtained p-values were compared.

3. Results and Discussion

Indicative results based on a single artificial dataset
are presented in Figures 1 and 2. Figure 1 presents
the p-values from the comparisons between samples
that exhibited a difference in the mean values of the
distribution of their underlying continuous variable,
dm, equal to 0.5, dm = 0.5. It is seen that despite the
dispersal of the data points, the p-values obtained
from the ordinal data are much closer to those
obtained from the original continuous variable,
whereas the p-values obtained from binary data are
differentiated, particularly when sample sizes are
small. When the difference in the mean values of the
normal distribution of the underlying continuous
variable between samples increases, the difference
between the p-values obtained using different coding
schemes decreases as expected (Fig. 2).
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Figure 1 p-values obtained from the comparisons
between samples with dm = 0.5 using independent t-
tests on the continuous data (e), the four-rank ordinal
data (o), the six-rank ordinal data (+) and Fisher’s
exact tests on the binary data (A).
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Figure 2 As in Figure 1 using samples with dm=1.

Besides, of primary importance is the probability of a
type I or II error occurring when the original
continuous variable is replaced by a binary or an
ordinal one. In Table 1 it is shown that such errors
are more frequent when a binary variable is
employed in comparison to ordinal ones. Also, it
appears that both ordinal schemes give largely
convergent results.

Although certain patterns can be identified from the
above results, the analysis of a single dataset does
not allow generalizations. A better picture is obtained
when the 500 artificial datasets are analysed. Figure
3 presents the mean p-values that correspond to the
results given in Figures 1 and 2. We observe that
both ordinal schemes again give practically identical
results to those of the continuous variable. This
convergence occurs irrespective of the sample sizes
and dm. This suggests that ordinal variables express

effectively the underlying continuous variable with
minimal loss of statistical information. It is striking
that an increase in the number of ranks does not
improve further the performance of ordinal variables.

Sample | Binary | Four-rank | Six-rank
size ordinal ordinal
10 4 1 1
20 4 0 1
30 1 0 0
50 1 0 1
100 1 0 0

Table 1 Number of cases with type I or II error.
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Figure 3 As in Figure 1 (A) and Figure 2 (B) for p-
values averaged over 500 iterations.

In contrast, the results obtained from binary variables
are largely differentiated from those of the
continuous data. Figure 3 demonstrates that the
replacement of a continuous variable by a binary one
may be effective only for large sample sizes and for
samples that exhibit great differences in the mean
values of the distribution of their underlying
continuous variable.

In what concerns the probability of making a type I
or II error when coding the continuous variable using
a binary or an ordinal scheme, the results are
presented in Figure 4 and Table 2. It is seen that this
probability is rather high, around 25%, for the binary
variable when the sample sizes are small (10 to 20
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cases) (Fig. 4), and remains high even in larger
samples when dm is small (Table 2).
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Figure 4 Percentage of type I or II error when a
continuous variable is coded by a binary (A), a four-
rank ordinal (0), and a six-rank ordinal (+) variable.
Sample size =10 (A) and 20 (B).

In ordinal data, this probability is much lower. It
should also be noted that even in cases where a type |
or II error occurred using the ordinal data, the p-
values usually did not differ significantly from the
corresponding ones for continuous data. For
example, the p-value obtained from continuous data
may have been 0.052, whereas the corresponding
ordinal p-value was 0.04.

The number of upper first incisors exhibiting
different degrees of expression for labial curvature
using the Turner et al. (1991) ordinal scheme is
given in Table 3. Three different binary variables
were created with the corresponding thresholds set to
the degree of expression 1, 2, and 3 of the ordinal
variable. Note that the threshold value equal to 2 is
the standard one in the literature for this trait (Turner
1987).

The p-values obtained from the comparisons
employing the ordinal variable were equal to 0.035
for the chi-squared test and 0.044 for the independent
samples t-test, suggesting a statistically significant
difference between the two samples in the expression
of labial curvature. When the ordinal variable is
transformed to a binary one, setting the threshold of

presence to 1 and the comparison between
populations is repeated, the obtained p-value is
0.006, which leads to the same conclusion. In
contrast, when the threshold is set to 2 and 3, the p-
values are 0.266 and 0.168, respectively, suggesting
that the null hypothesis cannot be rejected. These
results show that if the standard threshold of 2 is
used, the statistical results are very different from the
ones obtained from the ordinal variable. Although
this dataset cannot assess the convergence between
ordinal and continuous data, since the underlying
continuous variable is unknown, the above results
highlight the potential divergence of the results and
subsequent conclusions when binary variables are
constructed.

Sample Binary Four-rank Six-rank
pair ordinal ordinal
Size=30

1-2 324 15.4 14.8
1-3 25.0 4.8 4.4
1-4 1.4 0 0
1-5 0 0 0
2-3 30.0 11.2 10.6
2-4 19.6 3.8 2.0
2-5 1.0 0 0
3-4 28.8 11.2 11.0
3-5 18.6 3.4 2.8
4-5 31.6 15.8 16.0
Size=50

1-2 36.4 14.4 13,0
1-3 6 0.2 0.4
1-4 0 0 0
1-5 0 0 0
2-3 32,0 12.2 9.4
2-4 3.6 0.6 0.4
2-5 0.2 0 0
3-4 324 12.2 10.6
3-5 4.2 0.4 0.4
4-5 38.6 11.6 10.8
Size=100

1-2 322 7.8 7.6
1-3 0 0 0
1-4 0 0 0
1-5 0 0 0
2-3 20.0 6.4 3.6
2-4 0 0 0
2-5 0 0 0
34 19.6 6.0 3.6
3-5 0 0 0
4-5 24.2 6.2 52

Table 2 Percentage of cases with type I or II error.
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Degree of | Frequency
expression
PET 0 1
1 25
2 12
3 10
4 3
LIV 0 7
1 15
2 8
3 2
4 2

Key: PET = Kephala Petras, LIV = Livari Skiadi

Table 3 Frequency of upper first incisors exhibiting
different degrees of expression for labial curvature in
the two EM assemblages under study.

Conclusions

From the above results and discussion based on
artificial and actual data it appears that ordinal
variables can code effectively an underlying
continuous one under all circumstances. The
effectiveness of the ordinal variable is not practically
dependent on the number of ranks employed and it
appears that a four-rank scheme performs very
satisfactorily. In contrast, binary dichotomies should
be used with great caution. In cases of such
dichotomies, the results only converge to those of the
underlying continuous variable when the sample
sizes are relatively large and the samples exhibit
rather great differences in the mean values of their
underlying continuous distribution.
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Hepilnyn/ Abstract

H napovca epyacio mapovstdlel pésa amd o oelpd PeAETOV Tepmtdoemv o pebodoroyia avdyvoong g
UNYOVIKNG oTopilog pvnueimv, 1 omoia otnpileTor otV €QOPUOYT] OVOADCEDV LE OPOVG EMTEAECTIKOTNTOG
(performance displacement based analyses: PDBD). Ot avoldoelg ovtég omotelodVv ofuepa thv mAéov
EVOESEIYLEVT] PIAOGOQI0. TPOGOUOIMONG TG TPUYUATIKOTITOG GTOV TOUEN TNG OVOAVONG KTIPOK®V (7 Kot
GAA®V) doudv. XToV TOpEN TG SlEPEVVIONG TOV UVNUEINKOV SOUMDVY, 1| EPAPUOYN TOLG divel TN dvvatdTnTa
VITOAOYICHOV UETOKIVIICEMY KOl KOTUCTACEMY AEITOVPYIKOTNTOG, OAAL KOl GYEOIONGUOD KOTOAANA®Y UETPOV
mpoctaciog vad omolodnmote cevaplo koatomovnong. H o&lomoinon g pebddov aviivong pe kprmpio
EMTELECTIKOTNTOG O€ oLVOVOOUO pe dgdopéva amd ovyypoveg HeBOS0VC yewUeTptkng Tekunpioong (oe
oAAnenidpaon pe 10 uod mepPdAlov oto omoio To pvnueio evTAooeTol) Kot e evdgleyn depedvnon TV
OTOPIK®OV oLUVONK®OV Tov €VBVVOVTAL Yot TNV VPIOTAEVT KATAOTAGN NG, KoBGTd duvarth v epunveio g
nmafoloyiag Tov pvnpeiov G SOUNG £V GUVOL® KoL —€POGOV TO OPYOLOAOYIKA/IGTOPIKA GTOLXEID TO EMTPEMOVY—
™G oVVvdeoNG TG ToBoAOYING e CUYKEKPLUEVO IGTOPIKO GLUPAY 1 cuppavTa.

This paper illustrates a methodology of understanding the mechanical history of monuments, based on the
application of performance displacement based analyses (PDBD), through a series of case studies. These
analyses are currently the most appropriate approach for the realistic simulation of building (or other) structures.
As far as the monumental structures are concerned, the method gives the opportunity for calculation of
permanent displacements and functional states and the design of protective measures under any loading scenario.
The utilization of performance analyses based on data from contemporary methods of geometric documentation
and data from a thorough investigation of the historical circumstances responsible for the monument’s current
state, allows the interpretation of the pathology of the monument as a whole structure, and— if the necessary
archaeological/historical data exist — the relation of the pathology with particular historical event(s).

Keywords: Cultural Heritage, monuments, historic preservation, performance displacement based design
analysis, non-catastrophic, interdisciplinary

Introduction b. complex/complicated laboratory devices guided by
computing and recording systems of high accuracy,
which now allow for experiments in ‘physical’ scale
(seismic simulators, centrifuges etc.). Moreover,
dynamic phenomena in which the dependence on the
time parameter is critical benefit from the capabilities

of computer systems.

The last fifteen years in the field of protection of
cultural heritage and particularly the investigation
and protection of monumental structures are
characterized by a technological step which
leverages the scientific "achievements" of other
disciplines such as computer science, surveyor

engineering, civil engineering and so on. During this
period the following have been developed and
disseminated:

a. very powerful computational tools at an affordable
cost to be accessible by any researcher and or scholar

c. computational/software codes solving complex
problems (with the development of constitutive laws
describing the behaviour of materials under complex
loads) with numerical methods in a user-friendly
environment, which — in combination with the high
computational speed — allow for high accuracy
simulation of the examined cases/ problems
compared with the physical reality.

EGGLEZOS & MOULLOU


degle@tee.gr

1st CAA GR Conference

Rethymno, Crete, Greece 2014

These developments in interaction allow the
continuous improvement of solving methods (e.g. the
‘physical’ scale experiments allow the optimal
calibration of parameters used in computational
codes and the improvement of constitutive laws for
the mechanical behaviour of the materials) and also
the deeper understanding of the observed natural
phenomena. Besides, the improvement of knowledge
on the behaviour of materials leads to development
of laboratory techniques for a more sophisticated
simulation of the reality (e.g. the recording of extra/
additional magnitudes which are important for the
correct description of the test problem). At the same
time, the widespread use of compatible scientific
products enables interaction between all involved
disciplines.

Furthermore, the utilization of methods which offer a
fast recording of measuring data with high precision
(e.g. topographic high precision measurements,
photogrammetric surveying and/ with three-
dimensional scanning, modern geophysical systems,
high accuracy instrumentation for the monitoring of
displacements, deformations and imposed actions
(pressure, seismic accelerations, etc. ) with optical
fibres) can provide accurate data for the geometry of
the monument and its response under characteristic
actions (earthquake, precipitation and so on). Thus,
in a non-destructive manner, valuable information for
the material properties of the monument is gathered
and local destruction with traditional sampling is
avoided. In this way high accuracy simulation of the
monumental structure is achieved (geometry -
materials - actions) and realistic analyses to assess
the current situation and stabilization measures for
the monument are enabled (Egglezos 2010).

All these developments lead to a new philosophy for
a realistic simulation: a transition from the force
based classical approach of the ‘static’ design (forces
and moments equilibrium, i.e. ‘on-off” situations), to
the analyses in terms of the structure’s performance
(PDBD: performance displacement based design)
that is the calculation of the structure’s response and
functional states in terms of displacement (geometric
state) (Priestley et al. 2007).

In the field of investigation and protection of
monumental structures, the application of the new
philosophy in structural analyses (PDBD) combined
with user friendly and powerful computational tools
and modern technologies allows for the easy
modelling of monuments in interaction with the
natural environment in which they are established.
This is especially true for the monumental structures
of ancient Greece, characterized by discrete structure
(‘dry masonry’ structural systems) for which was not
possible until recently to simulate accurately.

The analyses of monuments with discrete structure in

terms of performance allows (besides the checking
the static adequacy and the design of appropriate
measures for their protection) the interpretation of
their pathology as a whole structure and — if relevant
archaeological and/or historical data exist — the
correlation with the event(s) to cause the structural
damages. In short, this method enables the
understanding of the engineering/mechanical history
of the monument (Egglezos & Moullou 2011).

1. Aims and objectives

The scope of this paper is to present a methodology
which contributes to the diagnosis and the
understanding of the mechanical history of standing
monuments.

The objectives of the method are:

-The investigation (and evaluation) of the causes that
led to the current state of the monument and the
examination of relevant hypotheses.

-The interpretation of the historical events that have
caused the current situation and the completion of the
monument’s history.

-The non-destructive evaluation of the mechanical
parameters of the materials of the monument.

-The verification of historical sources relating to
events that have influenced the monumental
structure.

-The design of stabilisation/protection measures
based on the accurate simulation of the monument’s
structure.

2. Methodology

The method in summary comprises the following
steps:

-Geometric documentation of the monument’s
structure in relation to the above steps combining all
available data (archaeological — architectural —
surveying/photogrammetric — geophysical)

-Identification of characteristic (known) historical
phases (construction - loading) of the monument, for
organising the corresponding computational steps
(based on archaeological — historical-architectural
data).

-Assignment of proper values in the mechanical
parameters of the structural materials and selection of
constitutive laws for the modelling of their behaviour
(role of civil engineer).
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-Investigation of significant loading actions that have
been acted on the monument (archaeological -
historical — architectural- seismological data).

-Information of the surrounding environment of the
monument (geological - geotechnical, geophysical
data).

-Back analyses (PBDB) in stages, based on the above
information for the interpretation of the current state
of the monument (or a historical phase) and
calibration - evaluation of the modelling.

-Design of protection measures, based on the verified
(from previous steps) proper modelling, if needed.

3. Case studies
3.a North Acropolis Circuit Wall (5" century BCE)

The case concerns the interpretation of a serious
structural failure observed in an area of the Acropolis
North Circuit Wall (Fig. 1, 2). The failure occurred,
according to the available historical and
archaeological evidence, at the end of the 18th or
beginning of the 19th century and it includes a) the
collapse of the upper part of the Wall in the area
examined (the crown of the Wall that had been
constructed of architectural members of the
entablature of the Old Temple of Athena), b)
significant outward lean from the vertical (7 cm) of
the remaining lower part (the part beneath the crown
that collapsed), c) rotation of approximately 1° d)
systematic cracking of the outward face of the wall
(Egglezos & Moullou, 2011).

Figure 1 North Acropolis Wall. The area of interest.
View from the North.

Available data/technologies used:

-Architectural-Archaeological data for the historic
building phases of the North Circuit Wall (Korres
2002).

-Historical Seismicity of the Acropolis area region
(Egglezos & Moullou 2011).

-Geological data of the major archaeological site
(Koukis & Andronopoulos 1976).

-Photogrammetric recording (Mavromati & Moullou
2009).

-Historical testimonies from reliable gravures

(Egglezos & Moullou 2011).

Figure 2 North Acropolis Wall. The area of interest.
View from SE.
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Figure 3 Interpretation of the damageé

-Geotechnical data from the Acropolis area
(Egglezos et. al. 2013).

-2-D PDBD staged analyses for the assessment of
reasonable historical loading scenarios (Egglezos &
Moullou 2011).

Results from the application of the method:

-Interpretation and time establishment of the
overturning of embedded architectural members
(cornices of the ancient Parthenon) in part of the
North Wall (due to the 18" century strong earthquake
from the Oropos area (Fig. 3)

3.b South Acropolis Wall (5" century BCE)

One of the severe failures of the wall concerns the
permanent displacement of the crown observed in the
area located in the middle of the South Circuit Wall,
practically parallel to the Parthenon’s south side. The
reported drift is ¢. 1m in the area about the section S7
(Korres 2004) and c¢. 0.50m in the area about section
S6 (Acropolis Restoration Service Internal Report).

Available data/technologies used:

-Architectural-Archaeological data for the historic
building phases of the South Circuit Wall (Korres
2004).

-Historical Seismicity of the Acropolis area region
(Egglezos & Moullou 2011).

-Geological data of the major archaeological site
Koukis & Andronopoulos 1976.

-Photogrammetric recording (Moullou &
Mavrommati 2007, Mavromati & Moullou 2009).

-Historical testimonies from characteristic historical
loading and/or interventions on the Acropolis area
(Egglezos et. al. 2013).

-Geotechnical data from the Acropolis area
(Egglezos et. al. 2013).

-Measurements from the instrumentation systems
installed in the SE area of the circuit wall (high
accuracy topographic recordings, optical fibre
sensors array for strain, thermal and pressure
recording) (Egglezos 2010).

-2-D PDBD staged analyses for the assessment of
reasonable historical loading scenarios (Egglezos
2014).

Results from the application of the method:

-Interpretation of the observed significant permanent
displacement of the south wall in the area about the
middle of the Parthenon, due to the combined
successive action of earthquake and strong rainfall
(Fig. 5) (Egglezos 2014).

-Calculation of mechanical properties of the
structural geomaterials based on measurements of
instrumented monitoring systems (Egglezos et al.
2013).

Figure 4 South Acropolis Wall. View from South
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section.

Figure 5
Interpretation of the permanent displacement of the
front part of the Wall (1.20m calculated Vs 1.00m
measured)

South  Acropolis  Wall

3.c The ‘Great Retaining Wall’ at the Amphiareion
of Oropos (late 5" century BCE / beginning of 4%
century BCE)

The wall’s main structural problems comprise
rotation and displacement, fractures of the stone
blocks as well as loss of mass due to environmental
effects. (Fig. 6). The scope of this analysis was to
interpret the permanent displacements in an area
about the middle of the retaining wall. In this area,
according to topographic measurements the front
face of the wall presents a rotation and a differential
drift between the crown and the bottom equal to
20cm.

Figure 6 The “Great Retaining Wall” at the
Amphiareion of Oropos.

Available data/technologies used:

-Architectural-Archaeological data for the historic
building phases of the monument (Petrakos 1968,
1992).

-Historical Seismology of the Oropos region
(Papazachos 2002).

-Geological data of the major archaeological site
(Michopoulos 2006).

-Geotechnical data from the recent investigation
(Egglezos 2012).

-Topographic recording of characteristic areas of the
Great Retaining Wall (2" Ephorate of Prehistoric
and Classical Antiquities).

-2-D PDBD analyses for the assessment of
reasonable historical loading scenarios (Egglezos
2012).

»02
AOT L

Figure 7 The “Great Retaining Wall” at the
Amphiareion of Oropos section. Interpretation of the
permanent displacement of the front part of the Wall
(20.4cm calculated Vs 20cm measured)

Results from the application of the method:

-Determination of the causes that led to the current
deformed geometry of the monument: mainly strong
earthquake action (Fig.7) (Egglezos 2012).

3.d The Retaining Wall of the Treasures at the
archaeological site of Olympia (4" century BCE)

The wall’s main structural problems comprise
rotation and displacement, fractures of the stone
blocks as well as partial collapse (of the upper part),
due to soil thrust and environmental effects (Fig. 8).
The scope of this analysis was to interpret the
permanent displacements and rotations in an area
about the middle of the retaining wall. In this area,
according to topographic measurements the front
face of the wall presents a rotation and a differential
drift between the crown and the bottom equal to
45cm.
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Available data/technologies used:

-Architectural-Archaeological data for the historical
building phases of the monument (Hermann 1999).

-Historical Seismology of the Olympia region
(Mariolakos 2002).

-Geological data of the major archaeological site
(Mariolakos 2002).

-Geotechnical data from the recent investigation
(Egglezos 2013a).

-Topographic recording of the retaining wall (7
Ephorate of Prehistoric and Classical Antiquities).

-2-D PDBD analyses for the assessment of
reasonable loading scenarios (Egglezos 2013b).

Figure 8 The Retéimng Wall of the Treasures at the
archaeological site of Olympia.

Results from the application of the method:

-Identification of the potential causes (mainly strong
rainfall action) for the deformation of the Wall (Fig.
9). This result is consistent to the observed sliding of
the retained slope. The sliding is also attributed to
rainfall.

-Evaluation of the ancient design and correlation to
the archaeological testimonies for structural repairing
interventions.

Borizontal
Displacement

=

-5.50€-001
=-5.00e-001
-4.50e-001 —_

-4.00e-001 A=50cm
=-3.50e-001
-3.00e-001
-2.50e-001
=2.00e-001
=1.50e-001
=1.00e-001
=5.00e-002
0.00e+000
5.00e-002

Figure 9 The Retaining Wall of the Treasures at the
archaeological site of Olympia section. Interpretation
of the permanent displacement of the front part of the
Wall (50cm calculated Vs 45¢cm measured).

3.e The columns of the Opisthodomos of the
Parthenon (5" century BCE)

This project concerned a) the in-situ trial load tests,
which were carried out on the four, out of six,
columns of the Parthenon western side, the
Opisthodomos, during the recent restoration project
(2001-2004) and b) the analytical assessment of their
structural response (including foundation) based on
the obtained experimental data (Egglezos &
Toumbakari 2011).

Available data/technologies used:

-In situ test device for the application of horizontal
force on the capitals of the Opisthodomos columns
(Toumbakari 2007)

-Architectural  drawings of the Parthenon’s
Opisthodomos columns (Orlandos 1976—-1978).

-Geometric data for the Parthenon’s Poros
Foundation (Cavvadias & Kawerau 1907, Bundgaard
1974, 1976).

-Results of the testing project (Toumbakari 2007).

-3-D geostructural analyses on the columns with
discrete and finite element modelling (Fig.10)
(Egglezos & Toumbakari 2011).

Results from the application of the method:
Contribution to the proper modelling of the columns
of the Parthenon for the interpretation of their
response under physical scale testing (application of
controlled horizontal force in the capital of the
columns).
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Conclusion

The reliability of the method is verified, based on the
results of the case studies mentioned above. It
appears that the method, in principle, can be used in
all monumental structures built with dry masonry in
order to a) assess the existing condition b) design
appropriate protection measures and c) to perform a
realistic assessment of the response of the monument
under any scenario stress. In particular, the described
method can be a powerful tool for evaluating existing
historical/archaeological data and supplementing
existing information on the history of a monument,
contributing to its historical and archaeological
documentation.

Figure 10 Accurate modelling of Opisthodomos
columns for the conduction of the 3D geostructural
analysis.
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Hepilnyn/ Abstract

Xmv moapovsa epyacio moapovcidloviar dVvo peBodoroyieg MOV OKOTO £YOLV THV CVTOUOTN TAVTOTOINGM
YOPOKTOV apyxoimv emntypaeodv kot Bulaviivov kodikov. H tovtomoinon ovty pmopel va mpoc@épet
YPOVOAOYNON TOV apyaiev gyypdemv pe adtopugiofnimmro tpomo. H koplapyn 18éa avtdv TV Tpoceyyicemv
glvar vo Tpocdiopiotel évog Pacikdg avtimpdomnog and kdbe £yypago. ITo cvykexpyéva, n pio Tpoceyyion
KAVEL EKTIUNGN TOL TPOTOTTOV YA TG EMYPAPES/ KMIKES, v 1 de0TEPN LEDOSOG KAVEL apyLKEL [aL EKTIUNOT TG
Kapmolotntag o€ kabe pixel Tov meprypdppatog tov kabe ypduportog. AkodloOBwg, yivovior cuykpioels, avd
Cevyn, TOV KOUTLAOTATOV OV OVIICTOLOUV GE 000 JLPOPETIKEG VAOTOWCES TOV 13{0L YPAUUOTOG. TNV
GUVEYELD EL0AYAYETOL L0 VEX TTPOTAGCT), 1) OTTOl0L TPOGOEPEL tio KAEGTH ADOT| 610 TPOPANLO TOV TAULPIEGLOTOG
Y0 1oomAnbmv Yyneokdv KopmuAdv katd v évvoln tewv EAayioctov Tetpaydvov. Xto emduevo otdodlo,
epapudletar éva KpLTiplo, T0 OMOi0 TOCOTIKOMOLEL TNV OUOLOTNTA SVO SLOPOPETIKOV VAOTOMCEMY TOL 13i0v
oupporov tov adgafntov. Téhog, sloaydyetar évog aplBpdc amd GTATIGTIKA KPLTHPLO Y10l THV TOVTOTOINGT TOV
apyoimV YEPOYPAPOV.

This work presents two methodologies aiming at the automatic identification of the writer of ancient inscriptions
and Byzantine codices. This identification can offer unambiguous dating of these ancient manuscripts. The basic
concept of these approaches is to identify a major representative of each document. More specifically the one
approach estimates a prototype for the inscription/papyrus, while the second method initially estimates the
curvature at each pixel of a letter contour. Subsequently, it performs pair-wise comparisons of the curvatures
sequences that correspond to two realizations of the same alphabet symbol. Then, it introduces a new Proposition
that offers a closed solution to the problem of matching two equinumerous digital contours in the Least Squares
sense. Next, a criterion is employed quantifying the similarity of two realizations of the same alphabet symbol.
Finally, a number of statistical criteria are introduced for the automatic identification of the writer of ancient
manuscripts.

Keywords: Inscriptions, Writer identification, Document classification

Introduction

The most important source for the science of History
is the preserved set of written documents.
Concerning Antiquity, this set mainly includes
ancient stone inscriptions, and papyri. Dating the
content of these documents is absolutely crucial for
history and archaeology. However, writers of ancient
inscriptions and papyri, as a rule, did not sign or date
their documents. Thus, it is not a surprise that ancient
documents dating, often causes scientific disputes
and disagreements. In addition, quite frequently, the
fact that important text written on inscriptions or
papyri cannot be dated, generates important gaps and
missing links in the knowledge and understanding of
corresponding historical events. In fact, renowned
historians and archaeologists, such as Prof. Christian
Habich and Prof. Steven Tracy clearly state that
‘proper historical use of inscriptions can only be
made if they can be dated’.

One main goal of this project is the extension and
integration of an information system that will
perform unambiguous dating of ancient inscriptions
and papyri by automatic classification of these
documents according to their writer.

1. Difficulties

Concerning ancient inscriptions writer
identifications, the authors, in both approaches, had
to deal with a number of serious difficulties,
intrinsically associated with the nature and form of
the preserved inscriptions. A list of such difficulties
follows:

(a) There may frequently be essential variability of
the shape of each letter in inscriptions carved by the
same writer, which coexists with an underlined
common trend.
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(b) It is quite common, that the similarity between
two specific samples of the same writer is smaller
than the similarity between various samples by
different writers. However, once more, one expects a
statistically ~ systematic  differentiation in the
realizations of an arbitrary alphabet symbol in two
inscriptions, carved by different hands.

(c) Inscriptions suffer from serious wear.

(d) There may be inaccuracies and distortion in the
inscriptions’ images associated with intrinsic
problems of the shooting process.

Two different approaches employing mathematics
and computer engineering tools, have been
developed, for ancient inscriptions and papyri writer
identification.

2. Related work

Handwritten text writer classification is a very active
research topic especially concerning applications to
forensics and to biometrics. In particular, Arica &
Yarman (2001), present an off-line writer
identification overview and Bulacu & Schomaker
(2007), propose a textural methodology. Recently,
on-line writer classification has attracted researcher’s
interest (Connell & Jain 2002) and more specifically
Schlapbach et al. (2008), use Gaussian Mixture
Models for text independent feature extraction while
Cha & Srihari (2000), and Bensefia et al. (2005), use
multiple and local features respectively.

More recently, approaches that use oriented Basic
Image Feature Columns encode a writer's style as the
deviation from the mean encoding for a population of
writers (Newell & Griffin 2014). Jain & Doermann
(2013), achieved the best overall performance at the
writer identification competition (Louloudis et al.
2013) by wusing Contour Gradient Descriptors
together with character segmentation to create a
pseudo-alphabet for a given handwriting sample. The
second best performance was achieved by Fiel &
Sablatnig (2013), using a Gaussian Mixture Model
and applying the Fisher kernel to create a vocabulary
and then a Fisher Vector to compare documents.

A more detailed presentation of the writer
identification competition results can be found in
Louloudis et al. (2013). Gaussian Mixture Model is
also used to create a supervector for writer
identification and  verification, offering an
improvement of the accuracy of the aforementioned
methods (Christlein ef al. 2014).

Other applications of the writer identification
techniques to historical documents can be found to
the work of Wolf et al. (2011), Tracy at al. (2007),
Panagopoulos et al. (2009), Schomaker et al. (2007),

Arabadjis et al. (2013) and Papaodysseus et al.
(2014).

3. Brief description

In this paper we try to combine two already proposed
methodologies for the identification of the carver of
ancient Greek inscriptions and papyri. Namely, we
propose to use the plane curvature approach
proposed in Papaodysseus et al. (2014) with the
statistical analysis of the fitting error function
proposed in Arabadjis ef al. (2013). Examples of the
documents, namely inscriptions and codices, used in
this work are shown in (Fig. l.a) and (Fig. 1.b)
respectively.

(b)
Figure 1 Part of an ancient Greek inscription (a) and
detail from a papyrus (b).

4. Fitting letter symbols

The first approach employs the following
fundamental assumption. Each writer has in his mind
an ideal prototype for each alphabet symbol. From
the philosophical point of view, one may consider
that these ideal alphabet symbols are kinds of
‘platonic’ prototypes. In any case, in a strict
mathematical formulation, one may consider that the
ideal contour of an arbitrary alphabet symbol for a
writer, is a piece-wise smooth curve. When the writer
tried to carve a letter on a stone, instead of the
‘platonic’ prototype, he managed to carve on the
stone a distorted version of the ideal smooth curve he
had in his mind. Let one say that this distorted
version is described by the a vector curve equation,
that incorporates the noise due to hands instability,
random interaction between chisel and marble,
variations in the form and mood of the writer,
variability of the employed instruments and in the
material of the plate, etc. A first approach towards
writer identification is to suppress noise from
different realizations of the same letter on an
inscription produced by the same writer. For
example, in letter ‘A’ the two left most critical points
define the left side of the left leg, the two rightmost
ones define the right side of the right leg, etc. Thus,
eventually each letter contour consists of a number of
sides whose union does not necessarily cover the
entire contour of the letter; however, use of these
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letter sides seems to offer very reliable hand
identification (Panagopoulos et al. 2009).

The next step is to suppress noise by computing a
kind of an average curve. Before evaluating this
average contour, it is absolutely necessary to remove
systematic discrepancies of the various realizations
of an alphabet symbol on the same inscription. In
order to remove randomness in orientation, each
realization is rotated as a rigid body, while in order to
remove variations in size it is also scaled. In other
words, a realization of the alphabet symbol ‘A’ on
the inscription is selected and each contour
momentarily is considered as the reference curve.
Subsequently, all other realizations of ‘A’ on the
inscription are chosen one by one and optimally
fitted each one of them to the reference curve. In
order to achieve this optimal fit, the contour of the
considered letter realization is parallel translated,
rotated and resized and the transformed version of
each contour that minimizes a properly defined error
function is estimated. This error function describes
the overall distance of the transformed letter contour
from the reference one, in a novel manner.

After matching all realizations of the alphabet
symbol ‘A’ on the inscription, a kind of a mean curve
of the optimally fit contours bundle is estimated. It is
assumed that this mean curve is a good
approximation of the ideal alphabet symbol the
writer had in his mind. Consequently, the term
‘platonic estimation’ is employed for this mean
curve. In Figure 2 a cloud of matched realizations is
depicted together with the corresponding mean
contour (initial estimation).

Figure 2 A first estimation of the platonic prototype
of letter A.

Finally, the assumption that inscriptions written by
the same hand have similar platonic estimations for
most, if not all, alphabet symbols is stated and
supported. An example of two optimally matched

letter prototypes form two different inscriptions is
shown in Figure 3, while two optimally matched
letter symbols ‘omega’ from byzantine codices are
depicted in Figure 4. Conversely, inscriptions carved
by different writers give rise to platonic estimations
that will be essentially different for a number of
alphabet symbols of letter A. Thus, statistical criteria
based on maximum likelihood estimation can be
performed, which quantify these observations.

Figure 3 Matching of the ideal prototypes of two
different inscriptions.

5. Curvature

The second approach takes into account the curvature
of the letter contours, namely, the fitting of the letter
realizations can be achieved by means of curvature
since the distortion of each letter contour corresponds
to tractable deformation of it.

Subsequently, the following actions have been taken:

a) Let C be the contour of an arbitrary alphabet
symbol realization, appearing on a specific
document. We divide C into contiguous chains of
pixels, slightly overlapping. Next, we approximate
each such chain of pixels with proper polynomial
functions for the x and y coordinates separately, with
independent variable the chain’s arc-length, S. By the
end of this process, each contour C of an arbitrary
alphabet symbol realization is uniquely associated
with a sequence of curvature values, which represent
the trend of the curvature at each pixel of C, in a very
satisfactory manner.

b) Suppose, now, that two contours C;, C; of two
different realizations of the same alphabet symbol are
considered, which give rise to two distinct sequences
of curvatures K;, K>. A mathematical approach and a
corresponding algorithm are developed and applied,
which achieves direct optimal matching of K; and K>
via minimization of a properly chosen error function.
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Subsequently, contours C; and C; are, also, optimally
fitted by means of an introduced Criterion.

c¢) At this stage, we will use the criterion introduced
in Arabadjis et al. (2013), which is particularly
suitable for statistical considerations. This criterion
forms a similarity measure between the letter
contours.

d) Employing the criterion defined in the previous,
we have stated and tested statistical hypotheses,
which eventually indicated the number of different
writers who wrote all the available documents. At the
same time, a ‘representative’ document has been
uniquely associated with each writer.

e) Each one of the remaining documents has been
classified to a corresponding hand, on the basis of
novel maximum likelihood estimations.

The proposed method is essentially content/text-
independent. In addition, the method is applicable to
contours of repeated complexes of letters or to any
analogous class of similar two-dimensional curves.

Figure 4 Matching of the ideal prototypes of two
different codices.

6. Application of the methods

In this section, we apply the combination of the two
methods to the data set, consisting of ancient
inscriptions from Agora and the Epigraphic Museum
of Greece and Byzantine codices and the provided
data set was the same as in Papaodysseus et al.
(2014).

Our approach consists of applying the curvature
criterion in order to fit the letter contours and the
curve family satistical criterion in order to classify
the documents to the corresponding writers.
Optimally matched realizations of a symbol, all
written by the same writer, form a bundle of distinct
members of a single family of curves and a
representative of each document can be formed. The
similarity measures between the represenatives of
two different documents can be statisticaly

processed and a decision about the attribution of a
document to a writer can be made.

Beginning from an arbitrary chosen inscription we
make pair-wise comparisons and obtain a maximum
likelihood value which offers a measure of the
similarity of two inscriptions. We continue these
comparisons until the likelihood is lower than a
predefined threshold, namely until the two
inscriptions are not similar enough and they
probably belong to different hands. The method
classified the 46 inscriptions into 10 different hands
and this classification is shown in Table 1.

Writers Inscriptions
Hand 1 133, 134, 141, 119, 132
Hand 2 19, 138, 139, 146, 16, 14
Hand 3 117, 120, 140, 142, 143, 116, 118
Hand 4 128, 131, 130
Hand 5 123, 126, 127
Hand 6 136, 135, 129, 145
Hand 7 11, 122, 114, 125, 113, 17
Hand 8 110, 112, 144, 115, I11
Hand 9 12,121, 124, 137
Hand 10 13,18, I5

Table 1 The classification of the inscriptions

The corresponding classification for the 23
Byzantine codices in 4 different writers is shown in
Table 2. More details about the documents used in
this application can be found in Colin (1909), Dow
(1975), Wade — Gery (1932) and Robert (1955).
Prominent experts in epigraphology, archaeology
and Classical Studies fully agree with the
classification offered by the system.

Writers Codices
Hand 1 BC1, BC5, BC8, BC11, BC12, BC18
Hand 2 BC2, BC3, BC6, BC7, BC10
BC4, BC9, BC13, BC15, BC21, BC22,
Hand 3
BC23
Hand 4 BC14, BC16, BC17, BC19, BC20

Table 2 The classification of the codices
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The authors intend to expand the results by applying
the method to an even greater number of inscriptions
and Byzantine codices and by tackling further
associated open subjects and disputes.
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Hepilnyn/ Abstract

Metd v oloxipwon ™G EravékBeonc oty [Haiad Itépuya ko g Moviung ‘ExBeong ot Néa IItépuya
To0v «AbBavacdkeiov» Apyatoroyucod Movoeiov Borov éytve mpoondfeta va emkaiporomBoidv kot va avafad-
HIGTOVV T0, GLGTHLOTO TANPOPOPT|ONG TOV EMCKETTAOV, LE TN YPNON VEOV TOADUESIKDY EPUPLOYDOV. LTO TAML-
610 0VTo, oyedidotnke Kot avartoyOnke to [podypappa “i-Muse”, oe cvvepyaoia pe to Kévipo ‘Epevvag, Te-
yvoroyiog kot Avantuéng Oeccoriog (KE.TE.A.0.) ka1 10 Apiototéreto Tlavemomuio Oecoarovikng. Xtnv
avakoivewon 8o TopovclooTel 0 GYESIAGUOG TNG OOUNG KOl TOV TEPIEYOUEVOD TV TOAVUEGIKOV QVTMV EQPOPLLO-
YOV, KoBDS Kot To LEYPL TOPA OTOTELEGLOTO OO TI CLGTNUATIKY TOVG XpoT 610 Movoeio.

After the completion of the Exhibition both in the Old and in the New Wing of Volos “Athanassakeion” Archae-
ological Museum, an attempt was taken to update and upgrade visitor information system, using multimedia ap-
plications. In this framework, the “iMuse” program was designed and developed in collaboration with the Center
for Research and Technology of Thessaly (KE.TE.A.TH.) and the Aristotle University of Thessaloniki. This
article presents the design of its structure and content as well as the results of its systematic use in the Museum
so far.

Aéleic Kherowa: «ABavacakeio» Apyotoroyikd Movoegio Boiov, molvpecikég epappoyés, “i-Muse”, cvotnua

Eevaynong, elKOVIKES SLadPOLLEG ETIOKEYNG, EKTALOEVTIKA TTALYVIOLOL.

Ewoayoyn

Ot emotnpovikoi TpoPAnpaticpoi otov Topén TV
MovGelak®vV Xmovddv 0dNyNooV 68 HETAGTPOPT TOV
EVOLOPEPOVTOG KOl TOV TPOGAVOTOAIGHOD TOV GUY-
YPOVOV Hovcelov amd To ekBépata ota cvpuepalo-
LLEVOL TOVG KOl GTOV OVOTOPOCTOTIKO Tovug poAo (Nd-
kov 2002). MHapdAinia, avartoynke évtovog mpo-
PAnpotiopds avaoptkd pe Tty eEgdpecn TPOT®V
MOTE VO YIVOUV TEPIOCOTEPO TPOGPACIU OAAG Kot
EAKVOTIKG Yo Tovg emiokénteg (Sylaiou ef al. 2009,
Mmnovvia 2002). H a&lonoinon tov Néwv Teyxvoro-
YDV EVOL TTOL GTUEPD AVOTOCTAGTO TUN O TNG TOAL-
TIKNG TOVG G° AVTOHV TOV TOUEN, EVTOG Kol EKTOG TMV
GTEVMV KTIPLOK®V TOLG 0plwv, TOCO Yo TNV e§umnpé-
TNOY TOV OVOYKOV ETKOW®OVING HE TO KOWO TOVG
060 Kol Yo gpevvnTikovg okomovs (Nwkovavov &
Mmovvia 2012, Schweibenz 1998).

Kowdg d&ovag g otoxobeoiag avtng eivor m evi-
OYLON T®V HAONCOKAOV OTOTEAECUATMOV TNG HOL-
oEl0KNG emiokeyng, Pe T pabnon vo ovipetonile-
Tol ©O¢ OLVOLIKTY SlodIKAGTIO TOV SLOUOPPAOVETOL TTOL-
PAANAO e TIG TPONYOVUEVEG EUTELPIEG KO YVADGELG
TOV EMOKENTMOV, TO TPOCMOTIKA TOVG EVOLLPEPOVTO,
TIG TPOCOOKIEG KOl TIC OTPATNYIKEG OV OVATTOC-
GOLV, OALG KO TNV 0AANAETIOpaON TOVG HE TNV 1010
v ékBeon 1 o EPYLY0 SVVOUIKO TOV [HLOVGEIOV” G’
oUTO TO TAMICLO EMOTPATELOVTIOL LEGO OTOG TO. EK-

TOOEVTIKG TPOYPALLATE OPEVOS KL OQETEPOV TO
CUUTANPOUATIKO TNG £KOEONG EMOTTIKO VAKO KaOMDG
Kol YnNOukég €QOPUOYES, OV KOAOVOVTOL Vo On-
povpyncovv 1 va BeATidoovV TG «ouvinKes cuva-
VINong Tov emokéntn pe 1o EkBepon (Nwkovavov &
Mnodvia 2012, 2).

Kt evdd moAotepa anTtég 01 EQaprOYEG EYOV TN CLLL-
POtk LOpeT YNEOKOV SioK®VY, Ol o TPOCPUTEG
givar dradiktvakésg, avayvopiloviag oty Tpain v
avaykn ywo. evkoAdTeEPN TPdGPact, cuxva omd omo-
OTOOT], KOl G TEPICCOTEPO PEAAIGTIKO EMINESO, TOGO
Y. AOYOLG TPOTOPOACKEVOACTIKNG EVNUEPWOONG OGO
Kol o0V €pYOLELD AVOTPOPODOTNONG TNG LOVOELNKNG
gumepiog, Oyt omapaitnTo e GYECM UE TN QULOIKN
g ddotacn (Nwovavov & Mmovvia 2012, Sylaiou
et al. 2009). Zvvfwg anevBdvovial GToXEVUEVE GTO
KOWO, OLLASOTOLOVTOG TO HE KPLThpta Omwg 1 nikia,
N Wdttd T0V N T0 TAOico emiokeyng (Nikovévov
& Mnovvia 2012). Yroompilovion and Pacelg de-
SoUEVOV e TOAVTPOTIKO TEPLEYOLEVO Kol TOKIAES
ynowkég ovarapactaoelg (Sylaiou et al. 2009).
IIpoceépovv duvatdHTNTEG YO TOPOVGIOGN UEYAAOV
apOOD OVTIKEWWEVOV Y®PIG TOLG YOPIKOVG 1| HOV-
GEL0YPAPIKOVS TEPLOPICUOVG TOL EMPAAAEL O QVGI-
KOG yopog g dg g Exbeong (Sylaiou er al.
2009, Mmobvia 2002). XTiC TEPIGGOTEPES TEPINTO-
oelg dOgv mpobmoBETovv 1aiTEPES TPOTYOVUEVES
yvooelg v to ekfépoto (Nikovavov & Mmodvia
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2012), amartovv, Opmc, eEokeimon e T gpion Tov
TANPOPOPLOKDV GUGTNUATOV, OO VITOSNADVEL Kol
0 OpOG «YPNOTESH TOV OVAPEPETOL GTO KOWO TOVG
(Sylaiou et al. 2009). e kabe mepintmon, Qoivetal
TAVTOG OTL 0 S10OPACTIKOG YOPAKTIPAG TOVG KOl 1)
aAnenidpaon Tov ypnotodv poli Tovg dnpovpyet
VEEG, JLLPOPETIKES AVAYVAOELS TNG LOVGEWKNG £K-
Oeong, dueca eEaptnuéveg omd TNV 1KOVOTOINOT|
ToVg o€ enimedo davonTikd oAAG Kot cuvalsOnuatt-
k06 (Lee & Kim 2011).

Edwcd o€ 6,11 apopd GTIG EPUPLOYES TTOV 0meVHVVO-
vton 6€ waudid, 1 yvaoon, cuvibag, dtaympileTol ep-
QOVAG amd TO TOLVIdL, HEC® TNG TOPOYNG EKTETAUE-
VOV TANPOPOPLOKOV KEWEVOV OV Bempovvtat Ttpo-
UmdBeon Yo TV emakOlovON TOyVIddT SpacTnpLo-
mra (Nwovdavov & Mmrovvia 2012). Xtig mepmtd-
oeLg, Og, MoV £xovv oyedrotel pe Paon modaymykd
KpuTnpuo, €(oVV KOwa oTotyeio. 68 KOWWOVIKO ETITEDO
He TV KafnpepvoOTTa TV TOdIOV KOl EMTPETOVV
TN oLVEPYACTN HETAED TOVG, ATOSEKVOOVTAL 1GYVPOT
dwapecorafntég e pabnong, péoa and guyaPIoTEG
dwdkooieg Propatikov yopoaktipo (Hasier & Mac-
kay 2001, Diamond 1986, Koran & Koran 1984,
Rosenfeld 1979, 1981, Witmer et al. 2000), mov fon-
BohV TOVG EKTABEVTIKOVG VO TOPOKIVIICOVY KoL VO,
TPOGEYYIGOUV  AmOTEAECUATIKG TOAAODG  paOnTég
tavtoypova (Scarlatos 2002). Koabmg, de, peydro
T0G00TO LETAED TV EMOKENTAOV TOV HOVGEIOV GL-
vodebovv Taudid M veapd drtopa, Bewpeiton ypnopo
OTIS OVAAOYEG TOAVUECIKES EQOPLOYEG VO TEPLALLL-
Bavovtor kot ekmadevTIKA motyvidld., OTOMKG 1|
OLLOSIKA KOl GE OLOPOPOTTOMUEVE YPAPIKG TEPPAA-
Aovto, vmovodviog Otl M Ophion ekTvAicoeTon  gite
o€ eEMTEPIKO Y®PO €T 6TO €0MTEPIKO KAMTOL0G Oi-
Bovoag povoeiov 1, axdun, kot cvvdvootikd (Dama-
la 2009).

1. O okom6g KoL TO TLAIGLO TN|G EPEVVUG

ZKomdg TG TapoHoOS HEAETNG EIval VO TAPOVGLOCTET
MG TPOG TN doun Kot 10 mwEPLEYOUeVO tov to IIpo-
ypoppo «iMusey», mov oyedldoTNKe cav epyareio
EIKOVIKTG Tepmynong oto «AbBavacdkeio» Apyato-
Aoywd Movoegio Bolov, kaBdg kot ot eviumdoelg
TOV EMICKENTOV TOV TO YPMoponoincav pExpt o1-

pepa.

1l.a Teyvoloyieg [MAnpogopiag otnv vanpecio TV
EMOKENTOV TOL «ABavacAKeElON» ApPYOLOAOYIKOD
Movoceiov Borov.

To 2004 ohokAnpodnke n EmavékBeon tov apyato-
mtov oty [lodod IItépuya Tov Movceiov, mov
mepAapPavel eopnuoTe and TIG APYOLOAOYIKES EPEV-
veg ot Oegscola ta tedevtaia ypovia. Tote Eywvav
Ko 01 TpMOTEG Tpoomieleg va alomombel cvuotnpo-
TIKA 1 TEYVOAOYIO Y10 TIG OVAYKEG TN TANPOPOHPTNONG
TOV ETOKENTM®V TOV Movoegiov, Tov emtbuvpovoay vo
mepmynbovv eAevBepa 6° avTo.

Apywcd, eykatactadnkav, oand v I E.ILKA., dvo
VIOAOYIoTEG e 000veg apng oty AiBovcsa Ymodo-
NS, TOL VTOCTNPWOV EPAPUOYY| TEPUYNONG OTIS
AiBovoeg tov Movoeiov, Poaociopévn o teyvoroyia
Flash, kot poPoir| exmatdeuticod VIOKILAVTEP, TOV
YPNOLOTOOVVTIOY TEPICTUCLOKE OO TOVG EMOKE-
TTES, YOPIC, ®OTOG0, VU OEOAOYELTOL GUOTUATIKE 1)
eumeplo and ™ ypnon Tovc. Me v mépodo Tov
YPOVOV, TPOEKLYAV TEXVIKG TPOPANLATY, TOV TTPO-
KTIKA Ogv Ntav duvatd va extivfovv, yi' avtd Kat ot
VIOAOYIOTEG TEOM KOV €KTOG AgtTovpYing.

Tnv 1010 mepimov mepiodo, o 2003, o toéte Opyavi-
ouég IpoPoing EAnvikov [MoMticpod avélafe to
oyedloopnd Kat Ty vAomoinom Tov £pyov, Ue To 180G
Kot T0 €0POC TMV TOAVUECIKMV EPAPUOYDV oV Oa
VAOTOOVVTAV VO EAPTATAL OO TNV EMCKEYILOTNTA
tov Movoceiov, opotdpopea mavtov. To Apyoioro-
yd Movoegio Boiov fjtav éva and to 30 Movoeia
«LECOIOG EMOKEYILOTNTOG), OMWG YOpUKTNPloTn-
KOV, Y10, T0, OTTOl0L Ol TOAVUECIKEG EQUPLOYES TTOV
oXeSLIOTNKOV OTOCKOTOVGOY QPEVOG GTNV TANPO-
@OPNCN TOV KOWOV Kl GPETEPOV GTNV VIOGTHPIEN
NG EKTALOEVTIKNG TOVG AELTOVPYIaS, HE dedopéVT TNV
EAdeym, TOTE, OPYOVOUEVOV EKTOLOELTIKGOV dpdoe-
@v (Styliaras & Kokkinaki 2008, Styliaras 2009).
Booifovtav oe teyvoroyia Flash kar Ba mepieiyav
TPLOJAOTATES KOL TOVOPOLKEG AMYELS KOL OVOTOPO-
otdoels ekfeparov kot yopov. To mhaiclo avtd emé-
TPETE TNV ELCUYOYT] TOAVYAWDOGOV TEPLEXOUEVOD YiaL
™mv meplypaen tev ekbepdtov, Vv 1otopio TOV
Movceiov kot Tn J1eVVOEST) TOL WE EMAEYUEVO O-
&lobéata oy wOAN. AmevBdvoviay oe HEUOVMLLE-
VOUG EMICKENTEG 1 G€ OLAOEG e KOWA HeTo&D TOvg
YOPOKTNPIOTIKG, HE TIC TANPOQPOPIES VO SLapHOpPD-
VOVTOL KOl VO, KAPLOKOVOVTOL, KUPImg ¢ TPog T
YAOGGIKT TOVG SaTOTMOOT, AVAAOYQ LE TO, NAKLOKG,
YOPOAKTINPIOTIKE TOV KOWVO.

To ocbomua 6o e&umnpetodviav and otabuovg ep-
YOoiog Kot EQOPLOYES TANPOPOPLOKOD KoL EKTOUOEL-
TIKOV YOPOKTINPO GE AVTIIGTOLYOVG XMPOLS Tov Mov-
ociov. o 11 avaykes Tov TeEevTaioV giye AneOei
€101KN UEPLUVO, DOTE Ol VITOAOYIOTEG TOV EXPOKELTO
va gykataoctadovv ot Aibovoeg va otpilovtal o€
KOUTTOUEVO Ppayiova, Yo Vo, ovTOmIOKPIvOVToL OTIG
aVAYKES UIKPOV TOdIOV 1 aTOU®V pE EOIKEG OvaL-
vkeg. Emiong, Oa glyav tn dvvordtnta mepioTpoPng
™™g 006vNg Tovg, avaloyo LE TO EVILPEPOV KoL TO
A0 TOV EMOKENTOV YOP® TOVS, YEYOVOS oL Bal
emnpéale TovtoOypova Kot avtictoro to TPoParro-
peva og ovtv ekBépota. Ewdwd og mpog TG exmat-
deVTIKEG eQaproyés, avtég Oa mopeiyav Pondntkd
VAKO OTOVG EKTOLOEVTIKOVG Yo, THV TPOETOLLAGIN
G S1O0CKAAING CLYKEKPIUEV®Y OEUATIKOV PHECH TNG
TOPOLGIooNG Kot avdAvong Tov ekbepdtov og dto-
SPACTIKOVG TIVOKEG Ko EKTALOELTIKA TToyvidio TalA,
YNOLOKNG GUVTHPNONG, KPLTTOAEEOL Ko video-game
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v o Toudid, dePfodpiopéva avaroya pe v nAkio
tovg (Styliaras & Kokkinaki 2008, Styliaras 2009).
Telkd, Katd TNV €yKOTAoTOON TNG LAMKOTEXVIKNG
vodopng, to 2008, Tapadodnkoy HOVO VTOAOYIGTEG
pe 00dveg apng yo v TANPOPOPNON TOV EMOKE-
oV, évag avd AiBovco, mov NTav eyKiPoticpuévol
oe opfoydvio petaAlikd mhaiclo. AveTuydg, T0 G¥-
OTNUO KATESTH TOAD YPNYOPO OVETOPKES, LLE TO TE-
PLEXOLLEVO VOl AVOPEPETOL OTOKAEIOTIKG ot £KOENLO-
T APEVOS Kot KaBoAov Gto ydpo Tov Movaceiov, evd
GLYVA OEV OVTATOKPIVOTAV CMOGTO KOTO TIG EMAOYES
TOV XPNOTOV, TPoPaiioviag AdBog ekbeciakég evo-
mreg Ko avtikeipeva. Ko 6” avtiv v nepintoon,
TAVTMG, Ol EVIVTIMGELS TOV EMCKENTAOV Amd TN XP1omn
ToV dev kataypdpovtav ovte a&loloyovvtav. I'piyo-
PO TPOEKLY AV KOl TEXVIKG TpoPAnpata oTig 101EG TG
GLOKEVEC, MOV OONYNCAV GTNV OPIGTIKY OTEVEPYO-
oo™ TOLG.

> véa povyun ‘ExBeon ot Néa ITtépuya Ttov Mov-
oelov, mov €xet og Bépa v eEEMEN g BecoaAikng
TOANG 610 LYo Tov [ayaonTikoy KOATOL Kot EYKOL-
vidotnke To 2009, 0 1x0g Kot 1 €KOVA 0E10TO100VTOL
og dupopa onpeia o voL VITOoTNPIEOVY TOAVTPOTL-
KO TO OPYOOAOYIKO VAKO. AkovoTtikoi odnyol eme-
Enyobv oToVG EMOKENTES TIG OENATIKEG EVOTNTEG TNG
‘ExBeong, oe 600 yAdooeg, eAANVIKA Kol oyyAKd,
KaBodnydvrtag tovg otnv mepynon tovg (Ewc. 1).

ITaAaud,
0 OKIONOG TG entoyTe
TOU XaAKOD Kat Tov oibfpoy

Ewoéva 1 Axovotikoi odnyoi, mov dtevkoAHvouv
tovg emokénteg ¢ Néog [tépuyag tov «ABavocd-
ke Apyatoroyikod Movceiov Boiov.

1.p To IIpoypappo «iMuse»

H éAdetyn opyavopévoy cuGTALATOS KVPIMS Yo TV
TANPOPOPNON TV EMOKENTOV TOL Movceiov, 0d1-
ynoe v II'" Epopeia [Ipoictopikadv kol Klaoikdv
Apyoalottev va amodeyTel TNV TPOTACN YL TNV V-

Aomoinon tov IIpoypdppatog «iMuse — Ewoviko
Movceio pe v vmoompién 10100 osONTpOVY
(iMuse 2013), pe oxond vo amoTeAEGEL «EVO TOAVEP-
yoieio mov Pondd Tovg EMOKENTEG VA YVOPIGOVY TO
Movoeio mpv axoun apyicovv vo mepyohvial 6To
ecmteptko Tov...» (KE.TE.A.O®. et al. 2011). IIpénel
€00 va onpelwdel 6tTL 0 Tpocsdiopopds g eQappLo-
NG OG «EWKOVIKNGY, TOPATEUTEL GE L0l TEPLGSOTEPO
«axapmtny (Sylaiou et al. 2009, 521) exdoyn otv
VAOTOINGT TOV, OV OVOPEPETOL GE U0 YNPLOTOLT-
HéVN mapovciocn Tov YMPOL Kol TOV ekfepdTmV,
HEC® £0MTEPIKOL d1kTVOV (intranet) og Tpia emineda,
GTOVG GTAOHOVS TANPOPOPNONG TNG KEIKOVIKNG TTTE-
puyac» (Virtual Wing), oe popntég GUOKEVEG TEPIN-
ynong (PDAs) aAld kot oty AiBovca ITapovcidoe-
v (Presentation Room).

Xpnuatodombnke and 1o EAAnvikd Kpdrtog, v
Iohavdia, To Ayrevotdy kot v NopPnyia, péom
tov Xpnuatodotikod Mnyavicpod tov Eviaiov Ev-
ponaikod Xdpov (XM EOX 2004-2009). Aumpkeoe
22 unveg Kot YU ouTod GUVEPYAOTNKAY 3 J0POPETIKEG
opnadeg epyaciog (iMuse 2013), tov KETEA® «at
tov AII®, mov avéhaPav 10 GYESAGHO, TOV TPO-
YPOUUOTIONd KOl TN Aettovpyio TG TOAVUEGIKNG
eQaproyng, vo v enifreyn g II'" EJLK.A., og
TPOG TO TMEPLEXOUEVO KOL TNV OPYOVMOGT TNG TANPO-
Qopiag.

1.y Avvatdtreg tov Ilpoypappatog «iMuse»

Ot ToAVpECIKEG €QAPLOYEG TIOV OvamTOXONKOY GTO
miaicto tov [Ipoypdppatog, ympikd dakpibnkav ce
Tpia Tedia SLVOTOTNTOV EPAPHLOYNG KOL XPTIONG.

H «Ewovikn tépvyo» gykotactdadnike oty Aibov-
oo YTodoyng, Yo v YpNCLLOTOLEITAL OO TOVG EML-
okénteg mov Bo emBupovcay va tepmynHovy iKovi-
k& oto Movaeio, va enthéEovv Tig Oepaticég g ‘Ex-
Oeong N to ekBépato mov Bo embvpovcav vo dovv
a6 KovTd Kot GAAo cuvaen, Tov Bpickovtol omodn-
KeVpEVO, Kot dev ektifevTor kol vo mAnpogopnovv
nepartépm YU avtd. Ot yproteg €govv Tn dvvatdTnTa
v TV a&loAoyNoovy YyneuaKkd Kot vo Kotoypayovy
TIG EVIVTTMGELG TOVG GTO YNOLKO PIPAIO EMICKENTOV.
HopdAinia, 6T0 GUOTNHO KATAYPAPOVTIOL GTATIOTL-
K& oToyeio Yo Ta YOPOKTNPICTIKA KoL To EVOLOPE-
povid Tovg, mov Ba pmopovoav va aStomomBovv a-
vaTpopodoTikd yio T Bedtioon tov (Zigkolis et al
forthcoming, iMuse 2013).

H «AifBovca ITapovoidoemvy dnuovpyndnke yio vo
KOAOWYEL TO KEVO TNG EVNUEPWOONG TOV ENMOKENTAOV LE
TN QLOIKT TOPOVGIC APYOLOAIYOV KOl VO EVIOYVGEL
To. LoONoloKd OQEAT TG EMICKEYTNG TOL KOIWVOV GTO
Movoeio, pécm TOL YNELOKOD TEPIEXOUEVOL €VOG
GLGTNIOTOG TTOV VITOGTNPILEL TN dnpovpyia Kot TPo-
oA mapovoidoeny, pe apetpio to. ekBépata. Ot
apyatoroyot tov Movceiov, ot ekmadevTiKol Tov
@tavouy ¢’ avtd poli e Ta TSl KOTA TIG OYOAKEG

KAAOITANNH & BOYZAEAKHX



1st CAA GR Conference

Rethymno, Crete, Greece 2014

EMOKEYEIS N 01 EEVayol TOL GLVOSEVOVV TIG OPYAV®-
HEVEG OUASES TOV EMCKENTAOV, £X0VV TN dvvatdTnTa,
pe S1opopetikd Pabpd mpdoPacng oTo Ynelokd oe-
dopéva 0 KobEvag, va dMUOVPYNoOVY TO OVAAOYO
EMOTTIKO VAIKO KOl VOl TO 0ELOTOCOVV OOy MYIKEL
(Bibi et al. 2010, iMuse 2013).

O popntég «Zvokevég [epynong» divovv ) dvva-
TOTNTO OTOVG EMOKENTEG Vo evnuepoBoldv yio ta
exbEpaTa Kol TOVG YDPOLG TPOEAEVONG TOVS, OTMTIKA
KOl 0KOVOTIKG, VO KOAOVOGOVV TIG TPOTEIVOUEVES
SldpopéC TEPYNONG N VL SNIOVPYGOVY SUVOLLL-
kG Tig dikég oG gite Bepotikd gite Kol pe Paon to
¥pOvo oV €yovv oTn O61d0ecT| TOVG Ko, TEAOG, V.
maigovv mayviola ovalntnong emieyuévoy ekfepd-
v 100 Movoeiov (Fevgas ef al. 2010, Fevgas et al.
2011, iMuse 2013) (Ew. 2). Ot popntég CLOKEVES
oV TOPadOONKAV NTaV 5, Yo 104p1BHovg EMOKENTES
N OUAJOEG EMIOKENTAOV, TOV UTOPOVV VO Aopfdvouv
TIg  mAnpogopiec  mov  mapovcldlovior  oE
smartphones, pe tov neplopopd va gvtomiletatl 6To
otTL o1 vdrotmol Aapfavovy dedopéve Hovo Yo To
exbépata mov €yel emAégel o ypNoTNG TG POPNTNG
GLGKEVNG, YEYOVOS TTov PifAoypaeikd Bewpeitor 6tL
mopepmodilel T HOVGEWKY EUTEPIO. TOL YPNOTH
(Owovopov 2004): éyovv, dumg, ™ dvvatdtTa va
TPOTOTOLOVV TNV TOPOLGINeN G TPOG TN YADooW
KO TO YOPAKTNPLOTIKG TG OLAdAG OTNV ool ovi)-
kovv. Télog, N euPéreld Tovg BewpnTikd ETaveL 6Ta
2 pétpa poxpld and to exbépata, yeyovog, OUMG,
OV € KAMOEG MEPIMTOOELS KATEGTN OVCAELTOVPYL-
K0, KaBdS, AOym TG UoNG TOV VAK®OV TV Tpodn-
KOV 100 Movceion Kol TG ¥®PIKNG Tovg €yydTnTag,
0€ KAMOEG TEPIMTMGEIS TO GVOTNO, OVTOTOKPIVOTAV
AavBoopéva. T va emlvbel to mpoPfAinuo avto,
emAéyOnke teyvikd va peiwbel n euPéieln tov ov-
OTHHOTOG KOl OG €K TOVTOV O YPNOTNG VO TPEMEL VL
mAncldoel opketd oto exbépata yuoo va AaPel Tig
OMOTEG TANPOQOPIES.

Ewévo 2 Xprion tov PDAs tov iMuse, kotd v
TEPUYNOT TOV EMOKENTOV 6T0 Movaceio.

1.6 Aoveg oyedlacov, ETAOYNG KAl 0pYAVOOTS TNG
mnpogopiog oto [Ipdypappa «iMuse

H apyoaioroywkn minpogopio kol TO VIOGTNPIKTIKO
™mg VAKO (QmToypaeiss, xapteg, video) kataympn-
Onkov oe Pdomn dedopévav, oL GYESIAGTNKE EIOIKA
Y Tovg oKomovg tov IIpoypappatog ko enétpene
™ Sopopetikn dtafdbuict g avaloya e Tig KoTn-
yopieg twv &v dvvduel emokentdv tov Movoeiov
(mondd, eviiikes, e€edikevpévo Kowvod). Ta dedopéva
avTd aeopodv ot yevikn Bepatikn g kébe Aibov-
00G, OTIC EMUEPOVS Depatikés TV ekBeTIK@V EVOT-
TV, o€ pepovopéva ekfépata aAld Kol og apyono-
AOY1KOVG YDPOLE.

Katd ™ @don viomoinong tov IIpoypdppotog won
e&autiog YpoviK@OV TEPLOPICUMV, KUPIwG AdY® TEXVI-
KOV Kot TPOKTIKGOV {ntpdtov, dnuovpyndnkoy €&
apyYNg Keipevo, motyvidlo Kol TpoTEWVOUEVEG dladpo-
HEG E181KA YL IKPE Toudid, EVA Y10 TOVG VITOAOUTOVG
enokénteg Tov Movoegiov a&lomomnke Mo vrdp-
YOV YNPLOTOIEVO VAIKO.

AOTMIOTMOCEL; EMOKENTOV YOl TNV OVETAPKELDL TOV
TANPOPOPLOKOD DAIKOD Y10, TOVG EVIAIKESG, 00T yNGaAV
OTNV EMIKALPOTOINGT] TOL Kot 6T dnovpyio KeyLé-
VOV aTA@V Kol KATAVONTAV, Y10 TOVG EXIOKENTEG TOV
Movceiov mov de SabéTovv 1310iTEPES UPYULOAOYL-
KEG YVMGELG, AALA KOL TTLO AETTOUEPDV, Y10l TO EEEOL-
KELWEVO KOWO.

Ewdwd og 6,11 apopd ota exmotdevtikd mayvido,
katd to oyedaoud tov Ilpoypdppatog dnpovpyn-
Onkov mall pe emdeypéva exBépato tov Movoeiov
Kt avEavopevo Pabud dvokorog aviroyo pe tnv
NAkio ToV TodldVY, Toyvidle, Lvnung Kot Tpiedid-
OTOTEG OVOTOPUCTACELS OVTIKEIUEVOV, TOV TPOCPE-
pPOVTOV Y10 OTTIKY ££€PEVVNON, T OTold, OUMG, HE-
¥PL oTLyUnG dev €xovv mapadobel Tpog ypron. Avti
™ otiypn Bpiockovtor og Aettovpyio ota PDAs tov
iMuse, Tayvidla pe T HOPOT «KLUVIYL00 ONcovpov
o010 Movoeio, amoteAovpEVE OO TEGOEPLS EPMOTIOELS
vy emdeypéva kdbe popd exbépata, Bepatikd cuv-
dvacpéva PeTagld TOvg, TOL AMALTOVVY, YOl TV ETLTL-
N OAOKANP®OON TOL TaLYVISLOV, TOV EVIOMIGUO TOVG
o010 YOpo. Tig epOTNOES JATVTIOVEL £vag apyaiog

"EXM\nvag, og oxedlooTikn amdd0sT, TOL 0KOVUTE 6€

évay xiova, T0 v AKpo Tov omoiov yivetal Tpdotvo
av M amdvinon eivol cmot) kol KOKKIvo av etvol
AGBoc. Onwg oyxedidotnrav texvika, BéPata, o pe-
YaAio Babud vroompilovv T0 SUCKAAOKEVIPIKO, GL-
UTEPLPOPIOTIKO LOVTELO ovalNTNOTG TG KPVUULEVNG
YVOONG, OC HOG Kol HOVASIKAG OAVINGNG GE i
epd™ON. Avayvopifovtag avtd TO YOPAKTNPLOTIKO
T0VG, 0 emimedo mePLEXOUEVOL KaTaPAnonke mpo-
ondfelo MOTE 1 STOIWOT TOV EPMTHCEDV VAl YIVEL
LLE TETOLO TPOTO MOTE VO KIVNTOTOLEL GTOL TodLdL pe-
TOYVOOTIKEG SIOTKOGIEC KPITIKNG OKEWYTG KO TOPO-
™mpnong v ovbeviikav ekbepdrov. Tavtdypova,
{nmnke otV gpeuvnTIKn opdda vo. divetar TEXVIKA
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N dvvotdTNTO Yoo TOPOoYN OEVTEPNG ELKOLPIOG, GE
nepintoon AavOacpuévng amavinong, e enavadlotd-
TOON TOV TEPLEYOUEVOL TNG EPATNONG KOl EMTPO-
obeteg mAnpoopiec, yio va fondnbodv o Tadid va
TPOGAVATOAGTOVV KAAVTEPH GTO YDPO KOTOPYNY Kol
va avalntoovy ta ekfépata Enetta, yopic v Gpe-
on TWoPlo TOL TEPUATICUOV TOL TALXVISD AdY®
&vog Mabovc.

2. M£60odog

IIpokeévov va agoloynBel o Pabudc amotereso-
TIKOTNTOG TOV TOAVUECIKOV gpappoydv tov Ilpo-
ypappatog, Oswprinke oxomo vo Anedet v’ 6yn M
YVOUN 00OV TIG ¥pNOLHLOTOiNGaY Ta Tpio AVt Ypovia
g Agrtovpyiog tov. H mpocéyyion mov akolovdn-
Onke glvon morotikn kot avalnmOnkav, Kupimg HEc®
avaivong AOyov, ot KOWEG 1 Kol SLapOPETIKEG Tapd-
HETPOL OV SAUOPPOCAV OLTOV TOV €00VG TNV &-
pmepio tovg 6o Movaeio.

'Etot, Y10 puo TpoKaTapkTKy aloAdynorn TV gop-
TV «Zvokevdv Ilepuynong» oe cuvdvacuod pe v
«Ewovu [rtépuyay, aomombnkav ta oyoilo Tov
Kooy oto Ewoviké Bifrio Emokentdv tov Ilpo-
YPALLLATOG, Ol YPOUTTEG TOVG EVIVIIMGELS, KVUPIG GTO
avtiotoyo Bifrio tov Movceiov aAld kot 610 ovd-
Aoyo ynolakd tov Ipoypdppatog, Kobmg Kot pmTo-
YPOQIKO VAIKO, WOV VrooTNPIlel TIC WU AEKTIKEG
HOPPEG EMKOVOVING. XTIV TEPITTMON TOV EKTALOED-
TIKAOV ToyVIdldv, 1 0E0AGYNoN TOVG 0T TO. TOUSIHL
TPOyHaToTomOnKe ot SLUpKELD EVOS OPYOVOUEVOD
EKTOOEVTIKOD TPOYPALLATOC TOV Movoegiov Kot ot
ATOYELG TOVG CLYKEVTPOONKAV HESA OO TALYVIDOELG
dwadikaoies.

3. Anoteréopata

M pdtn e€étaon t@v dedopévev amd Tovg ypn-
o1eG dglyvel 0Tl 0 OAANAETOPAGTIKOG TOV YOPOKTN-
pOG TOL KOL 1) TOAVTPOTIKOTNTO TOV TEPLEYXOLEVOD
Tov avtietoniloviol Wiaitepa Betikd, vouvapmvo-
vIoG TIS gumelpieg and v emiokeyn oto Movoeio,
OGS SL0pOiveTal 68 KATOL0, GYOA TOVG:

«E&apetikd povoeio, pe TpOTOTLUTO OMTIKOAKOVGTI-

KO VAKO. TuyyapnTtAplo. 6€ 0GOVG GLVERBOAOY YLo. TN
AgLTOVPYiO TOL PLOVGEIOVY.

Avdia Dovpka,

Exnawdevtipia «évveoioy,

Iodvviva 13.10.2012

n

«Very nice museum with excellent exhibition by
means of the handheld devices»

Hank & Jannette from Netherlands,

June 1, 2012

Avayvopiletor n Tpocdfela vo TpoceyyioTovy dto-
QOPETIKEG OUAdES KOOV, KUPIMG e YAOOGIKG KPl-
TpLa, OTOG eaiveTal 6To 6YOA0 OV 0koAoLOET

«Bravo, c’est la plus belle scénographique du musée

vue depuis cinq ans en Gréce! De plus les appareils

enregistrés en frangais (pour une fois!) sont trés dé-
veloppées !... continuez dans cette voie... Merci!

Véronique le Bras,

«Pierre de Luney, 7.5.2013

TiBevtal, Op®G, KoL TPOTAGELS YO TEPUITEP® &-
UTAOVTIGUO TOV, KUPIWG GE EMIMESO TEPIEYOUEVOV:

«[Ipotomoplaxd T0 NAEKTPOVIKO GOGTNWHO EEVAYT-
ong. Evyopat 611 awtd etvon poévo n mpdtn edon yio-
Tl dgv pumopd va motéyo OtL Bo petvel povo oty
AN OVTLYpOaen TOV TVOKIO®V Tov GLVOdELOLY Ta
exbépata. IMepéve por mo mwAnqpn avagopd. To
povoeio elvar yevikd TPOTLUTO Kol OVTOTOKPiveTot
TANPOG GTIS OMOLTNOELS TOV GUYYPOVOL OVIOEOVL EML-
OKEMTN...»
AléEavdpog empyiov,
Apyaordyos/ B EILLK.A., 21.4.2013

Ipaktikd Bépato, Tov aEopody Ge TEXVIKA TPOPAN-
pota 1 EAAENYT COGTAG EVIUEPMONG TV ENICKETTAOV
vy to IIpdypappa Kot tn xpnorn Tov @aiveror vo
avakOnTovV TIC TPOBESELG TOVG, ONAMVOVTOG YapO-
KTNPLOTIKA

«Le virtuel pourrait nous guider si on pouvait le télé-

charger sur notre mobile. Merci, pour ce beau mu-
sée »

Didies Leon,

Paris, 4.10.2013

Q¢ mpog v «Aifovca IMapovoidcewvy, TPOg T0
apdv kaveig ekmardevtikog | Eevaydc dev €yt o-
oxonBel yoo va TPOETOWAGEL TNV EMICKEYN TNG O-
padog tov. ‘Etot, ot mapovcidcelg mov £xovv ioaybei
G610 GUGTNUO YPNOYOTOLOVVTOL GUGTNHOTIKG LOVO
KaTé TN SAPKELL TOV OPYUVOUEVOV EKTOLOEVTIKMDY
TPOYpOoLLAT®OV TOLV Movceiov.

e 0,TlL apPOPG 0TO UIKPG Tandid, Ot YPurTEG TOVG &-
VTUTTOGELS Y10, TO EKTandevTikd Tpdypappa «Ta ypd-
poata g Tpdag», ot didpkel tov omoiov £ywve
oKOTIUO CLOTNHOTIKY ¥pnon kol a&lomoinon Twv
Ty viddv tov «iMuse» mapeiyav TAovo10 oTotKElO.
To mayvidt Tov KLVNYL0D TOL «KPLUUEVOL BNGOLPOD
g Ipwdag» péoa oto Movoceio pe ) ypnon ToV
PDAs tov iMuse oyedldotnke ®G AETOLPYIKO Kol
OVATOCTOGTO KOUUATL TOV TPOYPAULATOS, DOTE «Va.
oLvdEBOVV Ol YNPLOKES LLE U1 YNOLOKEG OpUoTNPLO-
TNTEG KOl VO EUTAOVTIGTEL 1] GLUVOAIKN alcOnTNPloK
eumEpion TOV TOdIDV PE TN CLUUETOYN OA®V TOV
a1ofNoEDY TOVG KoL TN GUVOESN TOV YNPLOKOL HE
Tov mpaypotikd koopo» (Nuwovivov & Mmodvia
2012, 6). Ta moudid ypnowomoincoy T QOPNTES
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GLGKEVEG Y10, VO, AVOKOADYOVV TO EMAEYHEVA eKOE-
pato pe ) ovvodeio g epyuxdtplag (Ew. 3), g
omoiog o porog, 660 PiAloypaeikd (Povccov 2004)
0G0 KOl 0TI GUYKEKPYEVT TEPITTMOT), UTOOEIKVIE-
Tat KoBoploTikdg g kabodnyntplag otn dOuNncn g
LLOVGEWKNG EUTELPLOC.

Ewéva 3 «Kpoppévog Onoavpdcy: n:ouxvi&us xPN-
on twv PDAs tov iMuse, 611 SldpKelo, EKTOIOELTL-
KOV TPOYPAULLOTOS.

yo» Tov Movaceiov.

«Me Aéve Eva kot pov dpece Told 1o kuviyt Oncov-
PO LE TO NAEKTPOVIKO TLGTOAN.»
Eva, E" t4&n Anpotiko?d, 15.1.2013

«Mov Gpece 0 kKpupévog Bnoavpog ylott fTav KTt

potodTLTTO TTOL Ogv Tailovpe epelg To TOdIG KABE
HEPOALY

(avadvopo), E” 1aEn Anpotikov, 22.1.2013

n

«To mpdypappa oto Movaseio pov dpecse ToAy, fTav
EVOLOQEPOV EOIKA TO Tayvidt oto TEAOG Top’ OTL
yaoape. Edyopor avtd kamote va Eavoyiver.».

éapig, A" 16EN Anpotucov, 24.1.2013

! Katd v mopovciaon tov andyemv Tov mudidv,
To KelPEVA TOVG mapatiBevTal avTovsLa, G TPOG TN
dwtomwon N v opboypaeia.

MuloOv GuyKeKpYEVO Yo TO TEXVIKG TPOoPANpaTa
KO TIG TTPOKTIKEG SVGKOMEG TOV OVTILETOTIOAY, Y-
pic, OUMC, aVTEG Vo aAlOIDVOLV TIG BeTIKéG TOVG &-
umelpieg, Aéyovtag

«Av16 OV pov dpece givar 610 TEAOG OAAL O KOPLOG
aLTOG OEV LG APNcE VO TUPOPOAIGOVLLE. »

Nuwnrag, E” t6&n Anpotuco?, 17.1.2013

Ul

«210 povoeio Tépaca VIEPOYH OAAG TTLO TOAD LoV
ApEGE AVTA TTOL TPOYOE e KMOTA pdtio. AALG TO
HKPO TEGTAKL Kol TO KNviyn Oncavpol mépaca amé-
ol YTl pog UTAOKPE TO unydvnua oAl TEpooca
Yrépoya. Evyapiotodpe Torvy.

Dpaviléorko, E” tdEn Anpotikov, 17.1.2013

Télog, og eminedo amAng TOPATNPNONG TG CLUTEPL-
QOpAG TV EMOKENTOV TPEMEL VO onuelmbel 6Tl ot
006veg apng g «Ewovikng [tépuyacy mpoceiiko-
0LV TO EVOPEPOV AUECHOG KoTA TNV GeEn Tovg,
€K TV TaddV (eik. 4). Toyvd, OUmS, 1 EVACYO-
Anon tovg pe 1o péco dwupkel Aiyo kau meplopiletan
TAMG OTNV EVTATIKN TPOCTADEI OGOV TTEPIGGOTE-
POV YIVETAL VO, «TTATHGOVY TOAAG KOVUTLAY, YOPIg VOl
OAANAETIOPOVV OVGLOOTIKG [ ovtd kot va to alo-
TOVV TOdAY®YIKE, GTOLXEI0 MOV GLUMINTEL pE TO
oyxetkd Pproypagucd dedopéva (Owovopov 2004,
Roussou 2004).

Yvlinton

Ta dedopéva mov cvykevipdbnkav dev emttpémonvy
TEPALTEPM YEVIKEVOELS, e&attiog, Kuplmg, TOL HIKPOL
OelyLOTOg TV CLUPETEYOVTOV, EIVaL, OULOG EVOEIKTL-
K@, TOV aVTIAMYE®OY TOVG Yo To vitd e&étaon CNn-

oL

Ye eninedo TPOKOTUPKTIKOV TOPATPCEDY, UTOPE]
7Pog To TapdV vo AeyBel 6Tl 6N GVYKEKPWEV TEPT-
oo, onmg kot Piproypaeikd (Povocov 2004),
SOMICTOVETOL JOTAYHOG amd TNV TAELPE TOL PVAO-
KTIKOU TPpoocmikoy Tov Movceiov, mov givar appd-
310 Ylo TNV EVNUEP®GT TOL KOOV Y10, TIG dSLVATOT-
TEG KOL TN YPNOT TOV GULGTNLOATOG KO TNV TOPOYN
TOV GUOKELVMV GTOVG EMICKENTEG OMMG KL €K UEPOVG
TOV EMNOKENTAOV VO TIG YPNOLOTO|GOVV KOTd TNV
TEePUYNON TOVG 610 Movoeio, mbavov Adym un e-
Eowkelmong pe v teyvoroyia | Ady® Tov @OPOL
OmEVOVTL GTO KOVOOPLO0.

Xe 0,11 0popd oTo WO, TOPd TO TEPLOPIGUEVO
TAOIG10 ¥PONG TOV TOAVUESIKAOV EQAPUOYDV, QOi-
VETOL OTL 1] EVEOUATMON TOVG GE OPYUVOUEVO EKTTOL-
deuTIKO TAMIG10 €0(GE GTOVG HIKPOVG YPNOTEG TN
duvaTOTNTO VO VaKOAVYOLV amtd TV apyn To Mov-
oglo, Héoa amd PLOUOTIKEG EUNEIPIEG TOV TOVG TTPO-
cépepav yapd, Kol péca and moyvidie Tov TopoKi-
ynoav TV TEPLEPYELD TOVG KL £TG1, TO. EVETAEEAV |IE
v ‘Exbeon, o€ puokd, cuvarsOnpotikd Kot dtovon-
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TIKO eminedo, oTolyeio TOL Kiveitan TapdAAnia pe ta
mopicpoto ™G oxetikng Pproypagiog (Economou
1999, Damala 2009, Lee & Kim 2011).

JVOTNUATIKY €PEVVA KOOV 0V PpioKeETOL OLTH TN
otiyun o e&éMén kot Bo oAokAnpwbel wg 10 Kodo-
Kaipt, avopéVETOL Vo ovatpo@odotioet To Movaoeio
HE EVOLUMEPOVGEG TOPATNPNOELS AVAPOPIKE LE TO
Babuod a&romoinong Kat TV amOTEAECUATIKOTITO TOV
Ipoypdppatoc, pe ta dedopéva avty ™ Gopd va
TPOEPYOVTUL OO TOVG EAEVOEPOVC EMOKENTES, TTOL
TO YPNCLULOTOLOVV KaTd BovANG).

To ciyovpo gival TOG 1 E10AYOYN TOV VEDV TE(VOAO-
YOV 6T HOVOEID MG SVUVOLIKO EpYOAEID 6TO TAMIGLO
™G EMioNUNG M OVETIONUNG EMIKOWVOVIOKNG TOVG
TOMTIKNG LE TOVG €MOKENTEG givan dedouévn’ Zn-
TOVUEVO, oNUepa o, anotelel 1 Ba €npene va omo-
tehel M ovoTNUATIKY dlepedvnon TG ATOTEAEGLLATL-
KOTNTOG TOVG M [U1), OVAAOYQ LLE TOL KPLTPLOL KOL TOVG
GTOYOVG TOV GYESLAGHLOV TOVG, OAAL KoL Ta dtaitepa
{nrovpueva Kot TIG VAYKES TOV XPNOTAOV TOVG.
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THE ARCHAEOLOGICAL SPACE VIA VISITOR MOVEMENT
AND INTERACTION. A HYBRID COMPUTATIONAL APPROACH
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a.chrysanthi@gmail.com
2Dept. of Cultural Informatics, University of the Aegean

Hepilnyn/ Abstract

H £épevva avtr] vrootpiletl 0Tt 1 HEAETN KATOIOV TACEMV TOL JLOTIGTOVOVTOL KOTH TN JadpAcTIKY GYECT TOV
EMOKENTY] L€ TOV OPYOOAOYIKO YMPO ovolyel Vvéeg 0000G KOTavONnong TETOLMV  YOP®V, Yo TOV
OTOTEAEGLLOTIKOTEPO GYESAGUO TOL EPUNVELTIKOD TPOYPAULOTOS GE EVVOIOAOYIKO KOl TPOKTIKO Emimedo.
Emumpécbeta, n ovykekpipévn épevva avtipneTomilel Tov apyaloloyikd ympo g vPpLdkd Kol TPOTEIVEL TIG
avaroyeg pebodoloyieg yio TV KATAVONON TNG TPOSANYILOTNTAG TOV OO TOV EMOKENTH. 1€ aTO TO TAAIG1O,
S1epeLVODLE TOV OPYUIOAOYIKO Ydpo epapudloviog pio véa — peiktig pebodoroyiag — mpocéyyion, 1 omoia
ovvovalel TPONYUEVES EQPAPUOYEG TANPOQOPIKNAG HE 7O Tapadoctakés €0vouefodoloyikés mPaKTIKES,
TPOKEWEVOD VO OVOADOEL KOl EPUNVEVGEL TOLOTIKG Kol TOGOTIKA €va €upl (QUCHO EMICKETTOKEVTPIKMV
dedopévav. H ovykekpyévn avakoivoon mapabétet o, cOVIOUN TEPLYPUPT TOV OVTIKEUEVOL EPYUCIOG KOL TNG
VIAPYOVONS £PEVVOG OTOV TOUEN TNG eE€Taong NG Kivinomg Kot d1ddpacns Tov eMOKENTN, Le EUPOACT GTOVG
YDOPOVG TOMTIOTIKNG KAnpovouds. Téhog, mapabiter éva pépog tng LeBodoroykng mpocéyyiong — e EREOoT
OTIC EQOPUOYEG TANPOPOPIKNG KL TNG OTATIOTIKNG — Yol TNV aviivon Kot a&toddynon g kivnong/diadpaong
TOV ENOKETTMOV, YPTCLOTOLOVTAS OG TOPASELYLLO EPYUTING TOV apyaloAoykd ympo Tmv ['ovpvidv Kprie.

In this research paper, we argue that patterns emerging from the interaction between visitor movement and
archaeological space open up new ways of understanding such spaces and thus, provide insights to inform
interpretive design at a conceptual and practical level. In addition, we postulate that hybrid spaces call for the
employment of hybrid methodologies if we are to gain a better understanding of how those spaces are
experienced through movement. To this end and following on from previous work, this research explores the
archaeological space drawing from a novel mixed-method approach, which combines computation and
ethnomethodology to perform qualitative and quantitative analysis of a vast range of visitor generated data. This
paper provides a brief account of previous work on movement and interaction with a particular focus on cultural
heritage sites. Finally, it suggests a novel approach for assessing visitor movement — with a particular focus on
computational and statistical analyses — using as a case study the archaeological site of Gournia, Crete.

Keywords: visitor movement assessment, spatiotemporal pattern recognition, GPS tracking, cultural data mining

Introduction

Archaeological sites today, constitute rather obscure
spaces; architectural remains, specific interpretive
programmes  alongside  their  contemporary
infrastructures (physical and digital) and the effects
of time and nature influence the perception of what
we would call a ‘hybrid setting’. It has been noted
that archaeological sites are perceived as non-places
and as a consequence the visitor cannot relate them
to a familiar environment (Walsh 1995, 132, Lekakis
2008). However, when it comes to spatial perception
and experience, it takes someone to move within
these spaces and pause at locations to contemplate
and process the available information. Moving
around a site, pausing and combining location-based
information with information acquired before or
during the visit, are processes of transforming any
space into a place of meaning (Tuan 1977, 6).

The relationship of human movement with the
perception of physical spaces has been identified in
many disciplines as an attractive topic of theoretical
and scientific endeavour. The realisation of the
importance and establishment of research on the
links between human movement and space, led to the
acknowledgment of the benefits of studying this
relationship for assessing and designing more
adaptable environments to society’s needs. Within
the Cultural Heritage sector, museum studies have
demonstrated remarkable advances in this field, and
the relationship of visitor movement and interaction
with space and exhibits has been heavily explored
(Bitgood et al. 1988, Serrell 1998, Peponis et al.
2004, Kaynar 2005, Rohloff 2011, Yalowitz &
Bronnenkant 2009). Although not numerous, there is
an ever growing body of work in studying visitors’
responses to cultural heritage sites in order to inform
interpretation programmes. However, the ‘visitor
perception’ approach is still left under explored in
interpretive planning as it is considered to be more of
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a theoretical endeavour of the discipline rather than a
‘factor that can be scientifically measured’ and thus,
put into heritage practices (Lekakis 2008).

1. Background and Aims

So far, it has been ascertained that methods such as
unobtrusively observing visitor behaviour and
engaging visitors in discussions can significantly
inform interpretation planning or the design of digital
interpretive media, as it provides insights about what
visitors value the most and how they interact with
and move within heritage spaces (Ciolfi &
McLoughlin 2011). Descriptive analysis of visitors’
movement looking at temporal and spatial patterns of
their activities is usually employed as a preliminary
phase to inform later development stages of more
refined analysis (Fennell 1996). There is also
significant work in tracking visitor movement for
assessing the impact of visitor flows in heritage sites
(Wallace 2013) and more rigorous methodologies
developed to investigate collected time-space data
(Shoval & Isaacson 2010, Russo et al. 2010). Much
of the latter work, however, is mainly concerned with
either tourist mobility research questions or with the
development and refinement of methodologies for
investigating pedestrian mobility. Some of these
research objectives concern tourists’ decision
making, spatial cognition and the exploration
abilities of tourists (Xia et al. 2008), movement
patterns and flows within urban centres (McKercher
& Lau 2008) and space/destination consumption. The
latter category is concerned with identifying the hot
spots of urban centres according to tourists’ time-
space behaviour.

Identifying the lack of a sound methodology in
exploring the visitor/archaeological space interaction,
and following on from previous work (Chrysanthi et
al. 2012) we wished to respond to this challenge and
tackle certain research questions concerning the
visitor-space interaction that are pertinent to the
Cultural Heritage research field.

More specifically, this research argues that the
patterns emerging from the interaction between
visitor movement and the archaeological space open
up new ways of understanding such hybrid spaces
and thus, provide insights to inform interpretive
design at a conceptual and practical level. In
addition, it postulates that hybrid spaces call for the
employment of hybrid methodologies if we are to
gain a better understanding of how those spaces are
experienced. To this end and following on from
previous work (Chrysanthi et al. 2012), we explore
the archaeological space drawing from a novel
mixed-method approach, which combines
computation and ethnomethodology and performs
qualitative and quantitative analyses of a vast range
of visitor driven data. The overall number of visitors

who participated in this study is 109 and in total, the
dataset consists of: 60 GPS tracks, 1656 images
captured by visitors, 60 filled in questionnaires and
several observations (for a more detailed description
on the type and methodology of data gathering see
Chrysanthi ef al. 2012).

In this paper, we mainly present the computational
methodologies we developed and the statistical
analyses we applied in exploring visitors’ movement
patterns in relation to the archaeological space and
with each other as well as in assessing the
interpretative  infrastructure  based on  the
questionnaires and the visitor movement data we
gathered. This paper uses as a case study the
archaeological site of Gournia in Crete.

2. The case study

Gournia is located on a small hill, in proximity to the
sea and the Gulf of Mirabello of eastern Crete.
Gournia is the most characteristic of the excavated
medium-sized settlements, dated to the Late Minoan
I period: 1550-1450 B.C.E In 1901-1904 Harriet
Boyd Hawes excavated part of this Minoan town,
revealing a system of cobbled streets, houses,
drainage, a central building with court on the top of
the hill which is considered by some to be a small
palace, and a cemetery (Boyd Hawes et al. 1908,
Preziosi 1983, Davaras 1989, Soles 1991).

The archaeological site today is open to the public
and of all sites in the Aegean region it gives the
visitor a good idea of how a Minoan town looked
like. There is also an on-going excavation led by
Buffalo University and conservation works mainly at
the northern and central part of the site.

The reason we chose Gournia for developing and
testing the visitor movement methodology is that
apart from its well preserved ancient path system and
structures, it presents a case with minimum
interventions and a subtle interpretative infrastructure
mainly limited to the few but well-designed
information boards which were implemented by the
local antiquities service (KA’ Ephorate of Prehistoric
and Classical Antiquities of Greece ) in collaboration
with the Institute of Aegean Prehistory Study Center
for East Crete (INSTAP) (eight information boards
exist at present). Furthermore, the lack of on-site
guards in combination with low visitor numbers
allows a unique experience to the visitors since they
can intuitively move around and freely explore the
site. According to the Hellenic Statistical Authority
(EL.STAT. 2012) the annual number of visitors at
Gournia in 2011 was just 10,728.

The wvisitor enters and exits the fenced off
archaeological site from the NE, where a small ticket
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house is situated. Apart from the ticket house and a
chemical toilet near the entrance of the
archaeological site there are no other visitor facilities
or designated rest points while only a few trees
scattered around the site provide natural shading. It is
worth noting that the visitor data were collected
during a number of field sessions from 2011-2013,
and that the visitors who participated in the study
were not accompanied by a tour guide.

3. Time-Space Analyses

This part of the methodology mainly concerns the
employment of different time-space analyses of
visitors” GPS tracks in order to identify overlapping
movement patterns, visitor flows and the locations
where visitors suspended their movement and thus,
dwelled in certain parts of the archaeological site.

3.a Line Density Analysis, Linear Directional Mean
Analysis and Popular Points of Movement
Suspension (PPMS)

In order to examine visitors’ movement around the
archaeological site we initially performed two Line
Density analyses of visitors’ GPS tracks in ArcGIS
from the data retrieved in 2011 and 2013
respectively. This analysis enabled the visualisation
of distinct visitor movement patterns and the
observation of certain changes in movement
behaviour due to specific on-site interventions that
occurred throughout this period of time, such as new
excavation areas, preliminary works of path
construction for visitors with disabilities and the
placement of new information panels (Fig. 1, 2).
Additionally, we performed Linear Directional Mean
analysis in several locations of the site in order to
retrieve the visitor flow patterns (Fig. 1). Essentially,
the visualisation of the above analyses enables
Cultural Heritage experts to assess the on-site
interventions with respect to the changes they bring
onto visitors’ circulation patterns; changes closely
related to  visitors’ perception and thus,
understanding of the archaeological space.

Moreover, we wished to test the hypothesis that
movement suspension (visitors’ stops) is not
necessarily related to a Point Of Interest (POI) of the
site, as designated by the archaeological site curators
and the respective information panels. This
hypothesis is based on observations conducted on-
site where visitors stopped at various locations to
inspect areas of recent excavations, enjoy the
surrounding views, rest and take pictures with their
family and friends.

Figure 1 Satellite image of Gournia overlaid with the
Line Density and the Linear Directional Mean (red
arrows) analyses results of 2011 GPS data as well as
the location points of information panels in 2011.
Warm coloured areas indicate the density of
overlapping movements. Background image (©
Google Earth).

The PPMSs, depicted with blue pushpins in Figure 2,
correspond to top Best Matching Units (BMUs) in
terms of visitor passing as a result of the analysis
discussed in detail in Section 3.2. While the overall
modelling and analysis protocol is described in the
following section, in brief, these points in space
correspond to the top BMUs when the entire set of
the Self Organising Map (SOM) nodes is ordered in
terms of appearance frequency (counts) in the visitor
paths. For each of the vector elements, the index
corresponding to the SOM nodes (BMUs for the GPS
tracks), the value is increased by a unit once a GPS
track is mapped to this element. This also
incorporates duration of stay since while the visitor
remains in this BMU (or in a wider area that maps to
this BMU) the value of the vector’s element is
increased repeatedly and depending on the duration
of the visitor’s stay in this BMU.

As it is evident from Figure 2, apart from the
generated PPMSs near the POI locations there are
several other locations — mainly concentrated to NW
part of the site — where visitors stop. In the context of
this research the authors have already conducted a
HotSpot Analysis (Getis-Ord Gi*) with the
geotagged images captured by visitors and a
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qualitative analysis of the images that form
significant HotSpots (see Chrysanthi e al. 2012). The
comparison of the results will further inform this
investigation.

0 1020 ~40: koo o ¥
3 ' —_— — _L_—I“\:‘Ieters__ z
Figure 2 Satellite image of Gournia overlaid with the
Line Density Analysis and the PPMS results of 2013
GPS data. Background image © Google Earth.

3.b Self-Organising Maps

Although Self Organizing Maps (SOM) are normally
used as a data visualisation or dimension reduction
technique (Caridakis ef al. 2010), we choose to
utilize SOM as a space modelling tool in order to
derive a more abstract representation of the
archaeological space and let the spatial data (GPS
tracks) decide on the neighbouring relations between
the map's nodes (Fig. 3, 4). The self-organising
attribute of SOMs, based on node competing for
representation of the samples, is a more robust and
adaptable approach. Here, the weight of a SOM node
is allowed to change by learning, so as to better adapt
to samples in hopes of achieving the minimum
distance according to some distance metric; it is this
selection-and-learning process that makes the
weights organise themselves into a map representing
similarities. Neighbouring nodes are also affected
during the learning process, thus node-neighbouring
relations are learned in addition to weight learning.
This is better depicted in Figure 3 illustrating the
SOM’s U-matrix (unified distance matrix), a
representation where the Euclidean distance between

the codebook vectors of neighbouring neurons is
calculated and plotted.

This neighbouring characteristic is also incorporated
in the overall analysis as will be discussed later and
is illustrated in Figures 4 and 5. The coordinates of
the GPS points from visitor paths are used to train a
hexagonal, two-dimensional grid SOM with the
batch mode learning procedure. The structure of the
grid of the SOM units is hexagonal in order to
improve quality (isotropy) of the mapping and avoid
bias towards horizontal and vertical directions, while
the size of the map is determined by a trial and error
procedure and semi-supervised by the domain expert.

U-matrix
322

SOM 13-Feb-2014

Figure 3 The U-matrix (Unified distance matrix) of
the trained SOM using visitor tracks as input.

10 20 30 40 50 60 70 80 90 100

Figure 4. This figure illustrates the neighbouring
relationship of the SOM nodes. Higher values
(warmer colours) correspond to high correlation
between the nodes whereas lower values (cooler
colours) to distant neighbours. The matrix, as is the
neighbouring relationship, is symmetrical and its
main diagonal line equals to the unit since every
node is identical to itself.

Furthermore, and given that an adequate number of

visitor paths has been used to train the SOM, once a
new visitor dataset is introduced to the system one
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can assume that no additional training is required
since the space has been well modelled and
represented. As a result the entire dataset of visitor
paths is transformed to an ordered set of SOM nodes
each corresponding to the BMU of the GPS track in
the path.

() .

g

Figure 5 SOM neighboring relation illustration
4. Assessing on-site interpretative resources

In terms of assessing the on-site interpretative
resources we examined the time visitors spent around
the provided Information Panels (IPs). Based on the
modelling approach described in Section 3.2 we
mapped the IPs GPS positions to SOM nodes
according to their BMU. Furthermore, we calculated
the correlation of the visitor tracks to each IP. This
correlation consists of both the appearance of the IP
in the visitor path as well as duration and cumulative
statistics as illustrated in Table 1. The analysis
returned frequency data which reflect the total
amount of time each wvisitor spent around the
information panel and the respective interpreted
feature of the site. We also used the results of the
above analysis in combination with the questionnaire
dataset in order to test a number of hypotheses. In
this investigation we worked with a sample of 20
visitors who visited the site in 2013 (after the
placement of the eighth information panel in the
tomb area) and participated both in the GPS and
Questionnaire sampling sessions. Below we present
the results of two hypotheses we explored.

4.a Information panels used the most during visitors’
tour

While both the Self-Organising Maps analysis and
the individual examination of visitors’ itineraries
demonstrate clearly that visitors followed different
paths during their tour around the site and
accordingly visited or missed out on certain areas of
the site, we wished to find out —in a robust way—
‘Which of the information panels were used the most
or the least by visitors during their tour?’ In order to
answer to this question the data were converted into
two categories: 1. the first category includes cases of
visitors that didn’t pass by an IP and were assigned
with value 0 (0=IP was not used). 2. The second

category includes cases of visitors that passed/stood
by an IP and were assigned with value 1 (1=IP was
used).

Next, we ran a standard frequency analysis for
dichotomous data in the software Statistical Package

for Social Sciences (SPSS Statistics). The results of

this analysis show that not all visitors passed by and
read all the available on-site information, a fact
which accords with the results of the questionnaire
analysis which suggest a high demand on behalf of
the visitors for more information panels (Fig. 6).

From the Descriptive Statistics of the frequency
analysis we can also infer the minimum, the
maximum and the average time spent by visitors in
the designated POIs with information panels (Table

1.

Which information panels were used the most by visitors?
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Information Panels

Figure 6 Graph showing the results from the
statistical analysis of visitors’ stops in IPs

Descriptive Statistics

Information I\\! Min [Max [Sum  [Mean
Panels (visitors) |[(sec)|(min) [(sec)  |(min)
IGeneral Map |19 16 |3.6 [958 1.7
CF House 15 16 |1.9 484 1.1
DD House |10 70 3.3 504 1.7
Palace 20 30 5.3 1049 1,7
Sacred Stone |5 2 (0.6 [28 0.2
Shrine 14 6 3.2 |547 1.3
AC House |8 62 3.3 |485 2
Tombs 12 28 [3.9 [573 1.6

Table 1 Table showing the Descriptive Statistics of
visitors stops at each information panel.

4.b The relationship between the timeframe spent at
POIs and comprehension of monuments.

At this stage of the research, we also wished to
understand if there is a relationship between the time
visitors spent around POIs and IPs and the level of
comprehension of those POIs. Our hypothesis was
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that visitors who answered positively in the
comprehension of POIs question (How well were
you able to identify the ancient structures?) spent
more time reading information from the panels or
their guide books.

In order to test this hypothesis, we ran a cross-
tabulation analysis in SPSS between two variables:
1.The comprehension variable which contains
visitors’ evaluations ranging from ‘Very Well’ to
‘Very Bad’; and, 2. the frequency variable which
contains nominal values and was formed after data
were split into two timeframes: a. Timeframe 1 (TF1)
stands for the time spent at an IP location ranging
from 0—15 seconds and Timeframe 2 (TF2) stands for
the time spent at an IP location for more than 15
seconds. The data were split in this way based on
observations for the time required to actually read the
information on the panels than just have a glance or
pass by an IP. Thus, we chose to organise the data in
an empirical rather than a strictly statistical manner
(e.g. natural breaks, categories according to standard
deviation etc.).

It is important to note that due to the limited sample
of data we used here in order to demonstrate the
affordances of our methodology, we cannot claim
any statistical significance to the result. Nevertheless,
the results of this cross-tabulation suggest that the
percentage of visitors who answered the monument
comprehension question positively (Very well and
Fairly Well) in the TF2 group (the visitors that
actually read the information panels or spent a
considerable time contemplating the remains in
those particular locations) is higher than the
equivalent percentage in TF1 group (Fig. 7).

Hypothesis about comprehension of monuments and time spent
reading information

6%

25% § Comprehension of
~ | monuments

(rated by visitors)
Very Well

— W Fairly Well
10%
B Neither Well
| or Bad
B Fairly Bad

Visitor-sourced Data Percentage
a
2

B VeryBad

TF1
Time Frame (TF) of gt
TF1: From 0 to 30seconds
TF2: From 30 seconds to 3 minutes

. TF2
Ors stops at informatign Panels
s

Figure 7 Graph showing the cross-tabulation
analysis indicating the relationship between the
timeframe spent at POIs and the comprehension of
cultural information.

Discussion and Future Work
In this paper, we present part of an on-going hybrid

methodology, which utilises both advanced
computational analyses on visitor movement and

more traditional ethnographic approaches on the
visitor experience in order to explore the visitor-
space interaction. This interaction is in essence the
lively expression of how an archaeological site is
perceived by visitors; and while, the latter is an
inherently problematic notion and an active field of
theoretical and scientific debate, we chose to explore
the tangible results of this perception; visitors
intuitive movements, dwells, interests and opinions
as they are recorded by GPS devices, cameras,
questionnaires and interviews respectively. This
approach provides valuable insights and an effective
assessment on how visitors respond to such spaces
and their interpretative programmes.

In this paper we delineated aspects of our
computational and statistical methodology in order to
highlight some of the practical implications of
exploring ‘the visitor perception’. The first part of
the methodology (section 3) provides valuable
insights on visitor movement patterns as it enables
the identification of paths or areas of the site that are
used the most (‘the beaten tracks’ of the site) and
indicates the main directions of the visitor flow as
well as the locations where visitors suspended their
movement (dwelled) the most. In the second part of
this methodology (section 4) we wished to
demonstrate that our approach can investigate more
specific research questions related to the accessibility
and way finding of on-site information as well as the
cultural learning process.

Although, the main focus here was to present the
development of our computational approaches, in the
following publications we intend to evolve this work.
By integrating the qualitative and quantitative
analyses of this study and disseminating our results
we hope that our approach provides a valuable tool
set in assessing, planning and reassessing
interpretative programmes and infrastructures at
open-air cultural heritage sites.

Acknowledgements

We would like to thank the KA’ Ephorate of
Prehistoric and Classical Antiquities of Greece for
the permission to conduct the visitor survey at the
archaeological site of Gournia. We would also like to
thank Despina Catapoti and Ingrid Berg, organisers
of the workshop ‘Infopaths in  “Hybrid
Environments”: Examples from Archaeology,
Museology, Urban Geography and Computer
Interface Design’, which stood as the starting point
of this collaboration.

CHRYSANTHI & CARIDAKIS



1st CAA GR Conference

Rethymno, Crete, Greece 2014

References

Bitgood, S., Patterson, D. & Benefield, A. 1988.
Exhibit design and visitor behavior. Environment and
Behavior 20: 474-491.

Boyd Hawes, H., Williams, B.E., Seager, RB. &
E.H. Hall. 1908. Gournia, Vasiliki and other
prehistoric sites on the Isthmus of Hierapetra
(Crete). Excavations of the Wells-Houston-Cramp
Expeditions, 1901, 1903, 1904. Philadelphia: The
American Exploration Society.

Caridakis, G., Karpouzis, K., Drosopoulos, A. & S.
Kollias. 2010. SOMM: Self organizing Markov map
for gesture recognition. Pattern Recognition Letters
31(1): 52-59.

Chrysanthi, A., Earl, G. & Pagi, H. 2012. ‘Visitor
movement and tracking techniques. A visitor-sourced
methodology for the interpretation of archaeological
sites’, In Proceedings of the 4th International Euro-
Mediterranean  Conference  (EuroMed  2012)
(Limassol, Cyprus 29th October-3rd November
2012). Edited by M. loannides, D. Fritsch, J.
Leissner, R. David, F. Remondino and R. Caffo, pp.
33-37. Essex: Multiscience Publishing.

Ciolfi, L. & McLoughlin, M. 2011. Challenges for
the technological augmentation of open-air
museums: Bridging buildings, artefacts and
activities. Nordisk Museologi 1: 15-36.

Fennell, D.A. 1996. A tourist space-time budget in
the Shetland Islands. Annals of Tourism Research
23(4): 811-29.

Hellenic Statistical Authority (EL.STAT.) 2012. 04.
Admissions of archaeological sites by month
(January 2011-December 2011). http://www.stat
istics.gr/portal/page/portal/ESYE/PAGEthemes,
Accessed 26 July 2012.

Kaynar, 1. 2005. ‘Visibility, movement paths and
preferences in open plan museums: an observational
and descriptive study on Ann Arbor Hands-on
Museum’, In Proceedings (Volume II) 5Sth
International Space Syntax Symposium. Edited by A.
van Nes, pp 189-204. Delft University of
Technology. Amsterdam: Techne Press.

Lekakis, S. 2008. ‘Creating a basic schema for the
“experiential approach” in site management; the
visitor perception’, In Archaeology and the politics
of vision in a post-modern context. Edited by J.
Thomas and V.O. Jorge, pp. 292-305. Cambridge
Scholar publishing.

McKercher, B. & Lau, G. 2008. Movement Patterns
of Tourists within a Destination. Tourism
Geographies 10(3): 355-374.

Peponis J., Dalton R. C., Wineman J. & Dalton N.
2004. Measuring the effects of layout upon visitors’
spatial behaviors in open plan exhibition settings.

Environment and Planning B: Planning and Design
31(3): 453-473.

Preziosi D. 1983. Minoan architectural design:
Formation and signification. Berlin, New York,
Amsterdam: Mouton Publishers.

Rohloff, I. K. 2011. ‘Aligning museum building
projects with institutional goals: A  Visitor-
experience centered approach’, In University of
Michigan Working Papers in Museum Studies. 6.
http://deepblue.lib.umich.edu/handle/2027.42/10251
8, Accessed 16 March 2014.

Russo, P.A., Clave, A.S. & N. Shoval. 2010.
‘Advanced visitor tracking analysis in practice:
Explorations in the port Aventura theme park and
insights for a future research agenda’, In Information
and Communication Technologies in Tourism. Edited
by U. Gretzel, R. Law & M. Fuchs, pp. 159-170.
Vienna: Springer.

Serrell B. 1998. Paying attention: Visitors and
museum exhibitions. Washington, DC: American
Association of Museums

Shoval, N. & Isaacson, M. 2010. Tourist mobility
and advanced tracking technologies. London and
New York: Routledge.

Soles, J. 1991. The Gournia Palace. American
Journal of Archaeology 95: 17-78.

Tuan, Yi-Fu. 1977. Space and place: The perspective
of experience. Minneapolis: University of Minnesota
Press.

Wallace, A. 2013. Presenting Pompeii: Steps towards
reconciling conservation and tourism at an ancient
site. Papers from the Institute of Archaeology 22:
115-136.

Walsh, K. 1995. ‘A sense of place: A role for
cognitive mapping in the post-modern world’, In
Interpreting archaeology: Finding meaning in the
past. Edited by 1. Hodder, M. Shanks, A. Alexandri,
V. Buchli, J. Carman, J. Last & G. Lucas, pp. 131-
140. London: Routledge.

Xia, J. Zeephongsekul, P. & Arrowsmith, C. 2008.
Modelling spatio-temporal movement of tourists
using finite Markov chains. Mathematics and
Computers in Simulation 79 (5): 1544-1553.

CHRYSANTHI & CARIDAKIS


http://www.statistics.gr/portal/page/portal/ESYE/PAGEthemes
http://deepblue.lib.umich.edu/handle/2027.42/102518

1st CAA GR Conference Rethymno, Crete, Greece 2014

Yalowitz, S. S. & Bronnenkant, K. 2009. Timing and
tracking: Unlocking visitor behavior. Visitor Studies
12(1): 47-64.

CHRYSANTHI & CARIDAKIS



1st CAA GR Conference Rethymno, Crete, Greece 2014

AEIOIIOIQNTAX THN EY®YIA TOY ITAHOOYX:
CROWDSOURCING E®PAPMOTI'EX XTHN INOAITIETIKH KAHPONOMIA

2. LYAAIOY!, E. AATOYAH2KAI IT. [TATIAX!

"Epyoaotipio Potoypappuetpiog ko Tniemokonnong, Apistotédeio [avemotiuo Osocaiovikng,
2 EOvicd Kévtpo Tekpnpimong
sylaiou@photo.topo.auth.gr, elena.lagoudi@ekt.gr

Hepilnyn/ Abstract

H mopodoa epyacio mpaypuatedetal 1o gavopevo tov crowdsourcing oty ynotakn [Toltiotiky KAinpovopud
Kol TOPOVCIALEL UEPOG TMV OMOTEAECUATOV LIOG EKTETOUEVNG £pguvog o€ crowdsourcing  €QapprOYEG
TOMTIOTIK®OV  opyovicu®mv. Eetalel tic dlopopetikés Koatnyopieg crowdsourcing JdpocTnploTiTOV Kot
TPOYPUUUATOV OV &ite €govv vAomowmOel, eite eivor oe eEEMEN. AkOUn, €peVVA TOVG TOPAYOVTEG TOL
TOPOKIVOVY TOVG OLAOTKTLAKOVE EMICKETTES VO, GUUUETEXOVY EVEPYE OTIC TPOCKANGELS Y10 OVTES TIG EQAPUOYEC,
OT®MG Y. TOPASEYUO T CUUUETOYN TOLg otV aflddoyn mpoomdbeln, €vOg TOMTIGTIKOD Opyoviouov, M
EUMIGTOGVVI] KO 1 EKTIUNGT] OTO GUYKEKPIUEVO TTOAITIGTIKO QOpPEQ, 1 dNpovpyikn d1€E000¢ yia Tov ehedBepd
ToVg XPOVO Ko M wdbnon, n evyapiotnon mov acdvetal o ¥pNOTNG OTd TN GUUUETOYN TOV, 1 KOAALEPYELD TOV
TPOCOTIKOV TOV eVOlaPepOVT®V. TENOG, YiveTan avapopd oTig evkalpieg Tov Tapovstdloviot Pe TNV avaTTLEN
véov epyoleiov Yoo texvoroyieg semantics, o€ {NTNUATO GTPOATNYIKNG Kot oxedlacpod ue tn Pondeio tov
crowdsourcing TpoypoppAT®V Kol 0vOAVOVTOL Ol TEPLOPIGHOL Kat 1) dtayeipton TV dedoUEVOV TTOV UTOpEl va
TPOKHYOLV.

This paper discusses the crowdsourcing trend/phenomenon in digital cultural heritage and shares part of the
results of an extensive survey on crowdsourcing projects/applications by Cultural Heritage organizations. The
paper examines the various categories of crowdsourcing activities and showcases past and ongoing projects.
Furthermore, it surveys the factors that motivate web visitors to participate actively in these calls, such as
participating in a collective effort and a trustworthy project of a cultural organization, acting on trust and respect
of the specific cultural institution, spending leisure time creatively and learning something, feeling contentment
and pleasure when taking part in a crowdsourcing task, cultivating the user's personal interests, etc.
Finally, the paper discusses the opportunities presented with the development of new tools for semantic
technologies, looks at strategic and planning issues with crowdsourcing projects and considers the limitations
and the management of data produced through crowdsourcing projects.

Aékerg-kherdia.: Crowdsourcing (ITAnBomopiopdg), Iloitiotikn Kinpovopud

VTOJOUEG, MG TNV XPNUOTOSOTNOT TG TOATIGTIKNG
SpacTNPLOTNTOG, OO TNV TOAMTIOTIKY TOPOYWOYT], £OC
Kol TNV KOTOVOA®ON TOV TOMTIOTIKOV oyafdv.
Qo1660, 1 GNUAVTIKOTEPT] EXIMTOOT] GTOV TOAITICUO
agopd TV  eAAmn  ypnuoToddTmon  yw. TNV
mopaymyn, T onuovpyia, ™ OSlovoun Kot TNV
TPOPOAT] TOV TOMTIGTIKOV ayaddv.

Ewoayoyn

Ot gvpomaikéc ydpeg eEakorovbodv va veiotavtol
TIG EMIATAOCELS TNG TOYKOGUIOG OKOVOUIKNG VPECT|S,
mov Eekivnoe amd v Kpion mov EEomace 1o 2008,
Kot emédpace apvnTikd oe kabe €id0og OKOVOUIKNG
dpactpiomroc. ‘Evag and tovg mpdtovg topeig mov
EMNPEAGTNKAV NTOV O TOMTIGLOG EMISEVDVOVTOG KOt
TOPATEIVOVTOG VOIGTAUEVO TPOPANLOTO OOIKNTIKAG,
SLXEIPLOTIKNAG KOl OIKOVOUIKNG QUGEMG. AKOUN Kot
oe yopeg 6nwg t0 Hvopévo Baciielo, vroroyiletan

nuovtikd poho oV EmALCT TOV  TOPATAVE®
npoPAnudtov eoivetar vo mailovv ot TeyvoAoyieg
g [Anpogopios kor e Emxowwviag (TIIE). Zm

OTL 1] TOTIKY] XPNUATOSOTNON YO TIG TEYVEG KOl TOV
TOMTIGHO otV AyyAia kot v Ovario TpoKeLTaL va
pewwbei péypt kot kotd 90% péxpt to 2020 (Gillet
2013). H EAAGSa,  Iphavdia, pali pe v Itakia, v
Iomavia kot v Iloptoyaiio, mo evdAmTeg and TIC
VTOAOIMES EVPOTATKEG YDPES, PAVNKE OTL Punvovv
Babitepa TIG ApVNTIKEG EMTTMOGELS TNG KPioNg Kot 1
wKovoTNTo TV KuPepvnoedv TOVG va
OVTILETOTIGOVV Ta TPOPANUATO EIVOL TEPLOPIGUEV.

H «xpion emnpedler Pabid 6A0 10 @dopa Kot TIg
AELTOVPYIEG TOV TOAITIGTIKOV TOMED, OO  TIG

oOyypovn Kowavia, Tov yapaktnpiletal Kot ond Tig
paydaieg eEerielg twv TIIE, vmapyel g otpoon
TPOC MO KOLATOVPO EVEPYOVG GUUUETOYNG KO
GLUPBOAIG TOV TOMTOV 0€ KOWOQELEIS dpdoels. Me
T Pondetd Tov GLUUETOYIKOD AladKTOOL divovTol
gVKaIPiEG OTOVG ¥PNOTEG TOL VO OAANAETIOPOVV LE
TOVG TOMTIOTIKOUG OPYOVIGHOUS KOl amd Tpdnv
mafntcot TOPOANTTEG-KOTOVOADTEG TV
TOMTIOTIKOV TANPOQOPIDY, VO HUETUTPENMOVIOL GE
evepyoG TOMTEG KOl GUUUETOYOVG GTNV TPOCTABELD
TOV U1 KEPSOGKOTIKMV TOATIOTIKOV OPYOVIGUMV.
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1. Opwopoi tov crowdsourcing

O 06pog crowdsourcing ypnoyLoTomOnKe ylo TpdTN
@opa tov Iovvio tov 2006 and tov Jeff Howe (2006)
oto apBpo “The rise of crowdsourcing” tov Wired
magazine. H 2Aé&n crowdsourcing, 1 omnoia
TPOEPYETUL OO TO CLVIVAGHO TV AéEgmv crowd,
mov onuaivel mAnBog, kar outsourcing, mov glvar M
eEotepikn avabeon epyooidv, petappaleTor otV
eMviKn) YAdooa g winbomopionos. To @awvopevo
tov crowdsourcing opiletolr g n Tpdén eEmTEPIKNG
avabeong kafnKoOVIOV, TOL TPV EKTEAOVVTAV OO
K@molo VTAAANAO 1 €Totpeia, o€ Ayvooto mAnBog
(crowd), opdda 1 KowoTnTe E0EAOVIOV HE OVOIKTH
npockinon (Holley 2009). Ilpokeitor yuwo éva
HOVTELO KOTOVEUNEVNG emiAvong TPoPANUATOV Kot
Aertovpylog pe teyvoroyieg Web 2.0, péow g
OTOL0G [0 GLYKEKPLUEVT] EPYOCIC KOWOTOLEITUL O
éva etepoyevég mAN00g ¥pNOTOV e TOKIAES YVOCELS
{ntodvrag Tovg Pondeta kot Adoeg pécw AldIKTOOL
KOl KOTOPYDOVTOS TO Y@poypovikd epndda. ‘Evag mo
avaiutikdg opiopdg (Estelles-Arollas & Gonzélez-
Ladron-De-Guevara 2013) vmootmpiler o6t 710
crowdsourcing amotedel €vav TOTO GUUUETOYIKNG
S dIKTLOKNG dPOCTNPLOTNTAG, TNV 0Toin £va GTOLO,
N évag opyaviopds, 1 o MKO, v pwe etonpeio
TPOTEIVEL OE OpAdH  aTOU®MV UE  SLOPOPETIKO
YVOOWIKO €MIMES0 HEC® WIOG EVEMKTNG OVOLKTNG
TPOGKANOTG.

Ta tedevtaio ypdvio vaNpée WO KOTOKOPLOM
abENon Tov TEPLEYOUEVOL OV dmovpyeital amd
ypNotes (user-generated content), TG0 pe TN ¥pNoN
ddpooTikdy epapuoydv tov Web 2.0, 660 Kot pe
™V pe TANOMPO. EVYPNOTOV Kol YPNOTO-KEVIPIKAOV
(user-centered) yopoKTNPIGTIKOV TOV crowdsourcing
epapuoydv (O’Reilly 2007). Kdtt této10 enétpeye
™mv emkowavia, oAAd Kot ™ ovvepyacio peta&d
TOV TOMTIOTIKOV OPYOVIGU®DY Kol TOV £0glovidv,
KOOGS Kot TNV TPodONoN TG KAVOTOpiG O LeydAn
KMpoka.  Evdewktikd g amgymong  tov
crowdsourcing eivar 61t g ovalntnon mmg Aééng
crowdsourcing péco tov Google tov Iovvio Ttov
2007 édwve 44.600 amoteréopato, eved To MdAo tov
2014, 2.540.000 anoteréopata.

2. Emokomnon KatnyopLov

Or Oomen & Arroyo (2011) Bewpodv 6Tl 10
crowdsourcing GTOVG OPYOVIOUOVS  TOATIGTIKNG
KA\povoptdg kot ot dpacTnpOTnTéG  TOLG
npobmnpyav tov Ilaykodopov Iotod wor eiyov ™
HOpPOT| NG TPOceopds €BehovIKnG  epyaociog.
Yvvendc, to crowdsourcing pmopel vo givor pua
OTOKOTACTOCT] KOl OVOVE®MCT NG EMOPOCNG TOV
véOV pEcmV HolIkNG EMTIKOWVOVING TAV® 6T TOALA
pe tn xpnon kot dSvvopikn tov TIIE.

Yrmbpyer pwe  ocepd  amd  KOTNYOPLOTOU|GELS
crowdsourcing epoppoydv (Sylaiou et al. 2013). Ot
Tomol crowdsourcing 7oL YPNGYLOTOOVVIOL GTOV
TOUEN TNG TOMTIOTIKNG KANPOVOLLAS ovijkovy o€ £E1
Katnyopieg:

-G dwpbwons kar  UETAYPOPHS, ONMOG T.Y. TO
npoypapupe Ancient Lives, mov {ntdet amd tovg
YPNOTES TN HETAY PPN EMANVIKOV Tamvupov (Ew. 1),

-TNG EPYATIOC TAV® T€ EVva EVPOTEPO TAALTIO YVAOHG,
omw¢ m.y. to Megalithic Portal (http:/www.mega
lithic.co.uk/index.php) tnv tavtomoinon peyaibikmdv
pvnueiov mg Evpomng (Ewx. 2),

-G ovumAipwons, oviloyis, e Kataypapis, e
oévounone, oOmoc  wy. (o) tov HyperCities
(http://hypercities.ats.ucla.edu/), o cvvepyoTikn,
EKTTOLOEVTIKY TAATEOppO Yoo Ta&idio wow o©To
xPOVOo, Yoo va €EEPEVVIIGOVY KOl VO, GUUTANPDGOVV
01 YPNOTEG TOL IGTOPIKA GTPOUATA TOV TOAE®MV GE £V,
dwdpactikd meppdilov, (B) 7Tov HistoryPin
(http://www.historypin.com/), 6émov otV ovocia
'‘Eavaypapetol’ N mwoykoOco, wtopio pe T Pondela
YPNOTOV, OMWOC OVAPEPETOL YOPAKTNPICTIKO OTNV
wtooehida  (Ew. 3), (y) tov TpoypaupaTOg
Micropasts (http://micropasts.org/), pa tpmtofoviia
tov Bpetavikod Movoegiov kot tov UCL Institute of
Archaeology (http://www.ucl.ac.uk/news/news-
articles/0414/1604 14-crowdsourcing-bronze-age),
OV UEGM UG TAATQOPLOS 0VOLYTOL Kdduka (ntdet
amd 10 Kowod va Ponbnoel oV KataAoyoypapnon
néve ond 30.000 mpoictopikdv avikeyévov (Eu.
4).

ANCIENTLNVES

L
b S N
Mx&-ﬂ‘ﬁ* MNET
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ANCIENT LIVES
Ewoéva 1 Metaypopn eAANvikov momdpodv o1
npoypoppe Ancient Lives. (http:/www.ancientlives.
org/transcribe)
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Ewéva 2 Tavtomoinon pvnueimv, Megalithic Portal
(http://www.megalithic.co.uk/index.php)

historypn

Pin your history
to the world

Explore the Map &

J

Historypin in 90 seconds e Gueen's \ See some awesome Channels
: . HE

1 o History

Museum

) el

e A R P g,
P — Royalviis and celebrations
Ewova 3 Koatoypopr 1otopik®dv —yeyovotov,

HistoryPin (http://www.historypin.com/).

MicroPasts

A community platform for conducting, designing and funding research
into our human past

Ewove 4 Kortoroyoypdaenon

OPYOLOAOYIKDV
avtikelévov Micropasts (http:/micropasts.org/)

3. Hapayovteg mapaxivnong ypneTOV
crowdsourcing

[Mowot dpaye eivor ot Adyol 7oL  SAOIKTLOKOL
efeloviég epyalovtal dwpedv Kol OpIoUEVES QPOPES
EVIOTIKG, ‘0aV VO TPOKEITOL VIO KAVOVIKH OKTOWPH
minpouevn epyooia’; O xpnotng oG £paproyng
crowdsourcing 1KOVOTOlEl U OvAYKN TOv, E&ite
KOW®MVIKNG  ovOyvOPIoNG, —OUTOEKTIUNONG,  &lte
avantuéne artopkdv wavotntwv (Estelles-Arollas
and Gonzalez-Ladréon-De-Guevara 2012). Xto
maiclo  pog  adNUOGIEVTNG  HETASIOUKTOPIKTG
épevvag (ZvAaiov 2013) evtomiotnkav ot Pacikoi
Tapdyovteg TOPAKIVIIONG YL TNV AQIAOKEPDIN
GUUUETOYN YPNOTOV GE €QOPHOYEG crowdsourcing.
O TOPAYOVTEG E0MTEPIKNG mopoKivnong
wepAappévouv:

® TNV TPOGPOPA GTO KOWMVIKO GOVOAO,

e TV mEepNeAavio. Tov oucHAveTal Yo po KOAN
pagn,

® TNV &KTIUNON Y0 TOV TOMTIGTIKO OPYOVIGHO
K0l TO £pY0 TOV,

® TNV 0mOAOVGOT) TOV aVTAEITOL 0T TETOLOL €160VC
gpyooieg Kot v yoyoymyia,

® TNV Kavornoinom,

e v ceuydpwot oaflonoinon Tov €AevBepov
xpdvov,

o TNV e&EMEN atopkmv deEloTNTOV,

e v andktnon yvocemv/ pddnon yw éva
ovykekpévo Bépa,

e v g£doknon g dnLovpyKOTNTAG,
o NV youyaywyia,
® 7O oy viot,

e v avtorenoifnon mov aoBdvetoar amnd TV
gpyacio mov avélafe kol dekmepainae.

Ot mapdyovieg e£mTEPIKNG TOPOKIVIIONG APOPOVV
Kupilog:

® Yl EMOYYEAMOTIKOUG  Adyovg, Ty TNV
npombnon oe enayyeluatikd eninedo,

® Y10 KOWOVIKEG ETAPEG KOl GUVOVOGTPOPEG,

e vy yvopyio pe avBpdmovg pe  Kowd

EVOL0QEPOVTOL,

® Y10 ovvepyaoia pe GALOLG,

®  ylo TN OMUIOVPYIO KOl GUUUETOYXN O YNOLOKES
KowoTTES OVOpOTWV,

e yuo Adyovg enung/ avayvopion,

®  gmeldn) oVUUETEXOVY Kat QiAov/okoyEveLa.
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Yuvendc, ot Bactkol Tapdyovieg TOPOKIiVIONG TOV
¥pnotdv crowdsourcing epappoydv o pmopovoov
va katnyopromonbovv oe: (o) cuvausnpoticoig, (B)
ekmodevtikovs,  (y)  kow@vikovg kot (9)
EMOYYEALOTIKOVG AOYOVG,.

4. Zvlqton

H ypnon epyareimv tov Web 2.0 otovg 16T0YDPOVG
TOMTIGTIK®V 0pPYOVICU®DV evBappivel mv
OAANAOETIOPOAOT KO TNV ETIKOW®OVIOL T®V ¥PNOTOV
1600 peto&d TOLG, OGO Kou pe TOV B0 TOV
TOMTIOTIKO opyavicpod. To amotéheopa givar OtL, o€
avtibeon  pe T WPOMYOOUEVN]  «YEVIA»  TOL
IMoaykocpov Iotov, dnpovpyeitar Vo GUUIETOYIKO,
S0 dpaoTIKd TEPIPAALOV OV EMIKEVIPAOVETAL OTNV
ouvepyacio LEc® AladikTOov, 6TV dAANAETidpoo,
1 GUVOEST] KOL TNV EXKOWVMVIN LLE TOVG YPNOTEG.

Ol TOMTIGTIKOL OpYaVIGHOL, KOl IO GUYKEKPIUEVD OL
mvokoOnkeg, ot Piplodnkec, to apyeio Ko TO
povoeia, melpapotiovior OA0 Kot TEPIGCOTEPO GTOV
Topén Tov crowdsourcing. O 6komdG TOLG Eivar vo
aflomotjoovy TNV «€vevia ToL TANOovg», Vva
GUVEPYOGTOUV UE OvVAVOHOLS ebeloviég péom
AL001IKTOOD Y10 VO SIEKTEPOLDGOVY EPYACIEG TOV O
0o pmopovcav  va  XPNUOTOSOTNCOLY KOl VO
TPocAdfovy epyalOpevous, Yo Vol TIG DAOTOIGOLV.
Me aotdév tov TpoOmo SiveTar 1 SVVOTOTNTO GTOVE
xpnotec-e0elovtég (o) vo. dnAdoovV TNV Tapovcio
TOVG 6OV KLPEPVoYdpo, (B) va avTamokpiBodv otnv
TPOGKANCT TOL TOALTIGTIKOD OPYAVIGHOV, (Y) Vo
TPOGPEPOVY TNV €PYOCiO. TOVG —OTOUKG  1)/Kot
OLLOOIKG— OPYOVMVOVTOG GE OPICUEVEG TEPUTTMCELG
StadikTvakég kowotnteg Kot (8) va fondnicouvv kat
Vo Tpo®ONcoVY TNV €Vvola TNG GLVEPYAGTNG KUl TNG
OAANAEYYONG, TNG EVEPYNTIKNG GULUUETOYNG Kol NG
KOWOVIKNG TPOGPOPA.

H mAextpovikny ocvppetoyn (e-Participation) péom
Tov crowdsourcing evioyvel ™V eEMOTPEPELN TOV
TOMTIGTIKOV 0OpYavVICUAV, Topéyel évov amevbeiog
dlavdko emkowwviog TV  gBglovidv  pe  TOLG
TOMTIOTIKOOG  OPYOVIGHOUS, &€V  TopGAANAQ
gvouvapmvel v petagd tovg oyéon. H ocvppetoyn
TV S10dIKTVOKOV gBghovtdv pmopel va Pondnoet
1660 o1 Pektioon SSKACIOV  SAUOPPOONG
TOMTIKAOV TOV TOAMTICTIKOV OPYUVICU®MV, 000 Kol
otov  KaBopiopd OTPOTNYIKNAG KOl OYESOGLOV,
0étovtag TOVG S10d1KTLOKOVG e0elovtég
GUVOLLHOPPWTEG aTCEVTOG KOl KAVOVTOS Tpdén tnv
niektpovikn Anpokportio (e-Democracy).

Onwg avapépnke Ko TOPUTAVO, n
HETACYNUOTIOTIKY  OOVOUN  TNG  KOLWVOTOMIOG TOL
crowdsourcing Tpoc@Epel pia GEPE amd AVGELG Og
opiopéva,  amd To  OWKOVOMKA — odiégoda TV
TOMTIOTIKOV ~ OPYOVIOUAV KOl  EMITPEMEL TN

GUUPETOYIKOTNTO. Y0Pl amokAeiopovc!. Eniong, toug
BonBdel va yivouv mo ‘avowktoi’ kot mpooPdoipot
omd TO KOWO TOVLG, VO TPOCOEPOLV eAEVOEPO Kot
YOPIC TEPLOPICUOVS YNPLOTOMUEVO, OESOUEVE, TOV
TOALOTEPO  APOPOVGAV KOl  TPOCPEPOVIOY  TPOG
enelepyacia og €101K0VG.

Qot660, LVEAPYOVY Mo GEWPA amd (NTHUOTO TOV
wpofAnuatilovv kot arotehovv OEpata LEAAOVTIKNG
épevvac. Eva and autd oyetiCeton e v oTpatnyikn
viobémon tov crowdsourcing OO TOAITIOTIKOVG
opyaviopovg. H Nina Simon (2007) dnpovpyei pe
Baon tov kavova 90-9-1 tov Nielsen pua «iepapyio
MG KOWMOVIKNG CUUUETOYNG», Mo vEQ TPATAoT Yo
£va LOVTELO OYEOIOGLOD GLUUETOYIKOV gumelplov. H
pebodoroyia oxedlacpov yio povoeio Tov emtbovpovv
VO YPNCLOTOMOOVV TEYVIKEG TANOOTOPIGUOD GTIg
YVOOIKEG EUTELPIEG TOV TPOCPEPOVY, CULPMOVO, LE
mv épevva mov mapnyOn amd to COMMIT kot to
Hoavemotyuo Teyxvoloyiog tov Delft, mpémer va
KknBei o Tpia otddia (Oosterman 2013):

1. Ilpocdiopioudg otoyov: dodikacio KaTd TV omoin
peketdtor to  €idog TG mANpoeopiog mov O
ovAeyBei, avaidovtar ot kivduvol, mpocdiopileTar
TO EMPEPOVG TEPLEYOLEVO TO omoio Bo epmiovtiofel
KOl TO, KPLTHPLOL TOLOTNTOG TOV UETO-TEPLEYOUEVOU.

2. Tadnuon kowotntag pe otoyo: mPocdopileTol o
eldoc g KowotTNTAG MOV B0 IKOVOTOMGCEL TOVG
otoyovg mov Eyovv 1efel otOo TWpdTOo Prua,
oedlaleTOl 1 EMKOWVOVIOKY TOATIKY Yol AVTH TNV
KowoTtntae, ekteleital pe oTOXELPEVO TPOmO M
eMKOW@Via yloo TNV emitevén g dpacTNPLOTNTOG
070, KOVAALO TTOV dpa 1] KOWOTN T QUTH.

3. Xyedioouos dpaotnpiotnrag  crowdsourcing:
dnpovpyovvtot ot pOEg gpyooiog TV
SpaocTNPOTAT®Y,  KATOVEHOVTOL Ol  €PYOOiEC,
EKTEAOVVTOL Ol £PYOCIES OO TNV KOWOTNTA LE TNV
empéreln, KaBodNynon Kol GLVIOVIGUO  TOL
0pYOVIGHLOD

Ye avtd o Béhape vo mpooHicovpe VO aKOUa
oTad1, €vo 6TAd0 «PlOotdmTuc) Kol T0 GTAS10

g «oEoAdYNoNo»:

4. Biwowdtnta: SNUIOVPYOULVTOL «OYECEIH UE TNV
Kowotnte pe TN popon emPpofedosmv Kot
evBappovoewv. Emiong yaptoypapeitor n kowvotnta
Kot "KoAAepyodvTol yertovikég Kkowvotnteg (ripple-
effect) evdwpépovtog Yo pelhovikd  €pya
crowdsourcing?.

I TovAdylotov o€ 0,TL aPOPA TOVG avOPOTOLE TOV
&xovv mpoéGPaot oto AdikTvo Kot gtvor ymelokd
€YYpApLOTOL.

2 'Eyer avagepOel 611 M £0ehoviikn mpocpopd Tomv
avOponov eivor  ehevbepn kor dg  pmaiver og

TePLOPIGHOVG kat TAaictla. Kaveig dev eivar oe Béom
va mpoPAéyel TOco pmopet va dtapkécel 1 d160gom
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5. A&odoynon: petd to mEPAG TNG dPUCTNPLOTNTOG
yivetal avilvoon g modTNTOG Kol TOGOTNTUG TOL
mepleyouévon, oL Pabpov  dddpaonc pe Vv
Kowotta, 1 amymon/ to ektémopo g dpdong ota
KOWOVIKA d1KTLA Kol TO KOGTOG G€ POPTO EPYACIDV
eréyyov ko €ykpiong (moderation) TG TOLOTNTOG
omd Tov Popéa.

Emiong, pe Oedopévo 0Tl 10 eVvOLOQEPOV  VEMV
diepevvioe@v petatomiletor omd TN pebodoroyia
(«crowdsourcing») o610 TOPUYOUEVO OTOTELEGLLQ
(«crowd generated knowledge»), mpotetvetor Kot £va
KOO OTASO «UETA-TEKUNPIOONG». AKOUT, KAOMG 1
a&lo Tov moMTIoTIK®V dedopuévav Tov drayeipilovtot
oL opyoviopol pvAuNG eumiovtileton  pe v
YVOOWOIKY EMPEAELD TNG KOWOTNTOG EVOLIPEPOVTOG
o€ 0To, T H£dopEVA TOV TAPAYOVTOL HECH OPACEDV
crowdsourcing amoteAovV Evay OYKO LETAOESOUEVMV
mopayoueveoy Oyl omd  TEKUNPLOTEG, OAAG  amd
KOWOTNTES.

6. Meto-texunpiowon: to. PETUOEOOUEVO TOPAYOUEVA
amd ypnoteg pe  Swdikaocieg crowdsourcing
GUAAEYOVTOL KOU TEKUNPUOVOLV TIG HOVOELOKEG
oLAAOYEG pall pe ta petadedopéva Tov TapdyouV ot
€101K01 TOL povceiov.

Emopévag, ot véec epguvnTikéc  KoTELOVUVOELG
depevvody  Bépota, OTOG O  TOAAUTAAGLIGLOG
ETIKET®OV (tag propagation) Kol Ol OTPOTNYIKEG

€E0puéng dedopévavy, oV pmopodv  va
xpnoomomBovv amod povoeio,  ywo  va
peytotomomBovv dpaoctnploTTeg KOW®VIKNG
ONUOCIOAOYIKNG  onfuovong  (social  semantic
labelling).

Eniong, eivonr og e&€MéEn 1 €pevva mov agopd tnv
TPOGKANGT] MOATOV-EWIKOV emoTnuovev (citizen
scientists) ywo. o dadKocio TO GLYKEKPIUEVOL
crowdsourcing, tov niche-sourcing (Oosterman ef al.
2014). Tl ovyKekpléva, KOWOTNTEG EBIKMV
EMOTNUOVOV KOAOVVTOL Y10, VO GUUUETEXOVY Kol VL,
ovupdrovv o Oladikacieg Kol gpyaciec  mov
0(POPOVY EUTEPICTATOUEVO GYOAOCUO KOl LYNANG
mowotntag vropvnpotiopod (high quality annotations):
(a) evdlopépel OAO Kot TEPLGGOTEPO, JOTL ATOPEPEL
petadedopuéva.  mOWOTNTOG, TOL  UTOPOLV  Vd
oLAAegyBobv, (B) eumhovutifer T LOVLGELOKT|
tekunpioon  pe  dedopéva  MOWOTNTOG — TOL
evdeyopévmg Agimouv kor tehkd (y) Ponbdel ot
pete€éMEn TG Hovoelokng Tekpnpimong amd ‘Epyo
"Evtaong Ilopwv, oe 'Epyo mov omoutel Evioon
I'voong (EET") (knowledge intensive task), dniodn
OTOTEAEGUOTIKY]  EUTAOKY TOL TPOCMTOV  OE
EVEPYELEG TOV ATOLTOVV GE LEYOAO PaOUO YVADGELG.

TOV KOGHOVL va fondnoevepynctel apAoKePOIDS, EVD
mapdAinia n {Onon yw crowdsourcing oloéva Kot
avédvetat.

Emroymuéva mepdpato térowwv ‘Epywv ‘Evroong
I'viong €yovv vAomomcet -kvping- povceio Duoikng
Iotoplag kot Emotiung, Adym g deicdvong g
ekAaiKeVIEVIS emoTUNG o610 Awadiktvo. Qotdco,
Kot povoeia e cLVALOYES TéYVNG TEpapatilovtal o
dwbepoTiky  tekunploon  KOADVIOG — KOWOTNTEG
TOMTOV-EOIKMOV KOl YPNCLOTOLDVTAS Onoavpodc
Kot dopnuéva Ae€dya omd opyovicpoUs E0IKMV
emompovev. Ta mapdderypa, 1o Rijksmuseum
KAAEGE AATPELG TOV TOVALDY VO, ETICTILAVOVY EIKOVEG
pe mOVAE amd Tr GVLAAOYN TOV YPNOCLOTOLDVTAG
ovouaTo TOVADV oo évo dounpévo Ae&iloylo, To
omoio Pprikav amd v Iaykdéope "Evoon
OpviBordywv (I0C World Bird List). Evoopdtooay
10 AeEndyo g Evoong pe dedopéva g S1kng Toug
oLAAOYNG, To petétpeyav o€ RDF kot kddecav v
KOWOTITA VO YPNCUYLOTOUOEL TIG EOIKEG YVAGELS TNG
Y va avayvepiost ta Sideopa eidn TovAMdv oe pya
™mg ovAloyng tov  Rijksmuseum (COMMIT-
SEALINCMedia Rijksmuseum 2014).

AlMo  Bépata OV GLUYKEVIPAOVOLV  EPELVITIKO
EVOLOQEPOV €IVl M LOVTIEAOTOINGCT EUTLGTOGVVNG

(trust modelling), mn evépyslo OmMAadn NG
Beltiotomoinong SdtKaciHv GLAAOYIKNG
TeKupimong  ywoo TV SloQOAIon  TOOTNTOG

tekunpioong, Kobdg kot ™G EAayLOTOTOINGONG
Kkvdvov (Aabdv, acleelog eTketdv KAT.S), e1dikd
o€ 0,TL 0POPd TO KOUUATL TG TPOCHNKNG ETIKETMOV O
LOVGELOKO TEPLEYOLEVO (tagging). Téhoc,
SlEPELVAOVTOL 01 KOAVTEPES GTPATNYIKES GYESUGLOD
epapuoydv  crowdsourcing kot To  ototyeia
oxedwopov gumepioag  ypnot (UX) yw v
VAOTOINGT  KOADTEP®V — TAATQOPUAOV Yo TN
d1evkOlVVON NG EVEPYNG EUTAOKNG KOWVOTIHTOV Kot

P Oféuato  PEANOVTIKNG  €pevuvag  TPEmEL  vol
omoTeEAECOVY  (NTAUOTO. TTOV  OPOPOVV  Tr YpNon
crowdsourcing amd TOVG TOAMTIGTIKOVG OPYAVIGHOVG
o€ 0,TL apopd epyacieg mov PEypL TPOTIVOG YivovToy
oo eEE1dIKEVUEVOVG EMOTHIOVES. YTTAPYOLY, OL®G,
cofapd Bépata Tov aPOPOVV TNV TOLOTNTA KOl TNV
aflomotio TOV dedOUEVOV. Xuyva M TOGOTNTO TMV
dedoUEVOV OV TAPAyOVTOL amd TOVG YPNOTES EXOVV
AGON kot dev éyouv tTa  amortodpeve  emimedd
gykvpotnTog kot aSomiotiog. H aitia eivor 6t ouyva
oL ypnoteg O dbBETouy TIC eEEOIKEVUEVES YVAGELG
OV OTOLTOVVTIOL Kol 1 €Kmaidgvom, m omoio Tig
TEPLOCOTEPEG  POPEG meplopileTon o€  OMyOAENTO
exmandevTIkd video, dev etvan emapkng. ‘Eva epotnpo
ov ypetdleTon amdvtnon €ivol av M «EveLio Tov
TANO0VG) €lval KOV VO VTOKOTAGTNGEL TIS YVAOOELS
EMOTNUOVOV TOL  €Y0ovV €EEIOIKEVTEL Yo TOAAG
YPOVIDL GE GULYKEKPILEVO EMIGCTNUOVIKG medio Kot
avtikeipeva. Ta Topadetypo 1660 ac@aing sivat 1
avabeon emAOYNG £pYmV o YpNOTES Yo TV EkBeom
€vog povoeiov (co-curating);
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™G dadikaciog TPOCHNKNG ETIKETOV OE OTNTIKO
mepileyouevo (visual tagging).

To crowdsourcing pmopei vo Oeopnbel g o véa
popon  euhavlpomiog Kot €bgloviicpod  UEc®
Awadiktoov. Yrdpyouvv TOAAG neplidplo
aflomoinong TOv OO TOVG  MOMTIOTIKOVG
0pYaVIGHOVG, OAAG kol €EEMENG TV  GYETIKMV
TEYVOLOYIDV. Avapévetar  vo  avamtoyfodv
meplocotepeg  péBodol kot gpyoreio mov  Ba
EMTPEYOLY TNV TANPN 0ELOTOINGN TNG CLULUETOYIKNG
tdong tov Web 2.0, oArd ko g tdong tov Web 3.0
Vo GUVIEGEL aVOPADOTOVS KOl EPAPLOYES, VO ETTPEYEL
™V TpdcPacn o Kataveunuéves Pacelg dedopévay,
punyovikn pabnon / Aoy, k.¢. Emiong, avapévetot
vo a&l0TOGEL VITAPYOVOES, OAAG KOl OVOSVOUEVEG
TEYVOAOYiEG, OM®G emMAVENUEVY]  TPOYUOTIKOTITA
(augmented reality), To semantics, Ol GUUUETOYIKEG
TEYVOAOYIEG KOl TO, KOW®VIKG diktva tov Web 2.0,
ov pmopel va eEgAyBovv og YEMKOW®OVIKOUS 16TOVG
(mx. Foursquare) Kot 10TO0G  emaENUEVNC
mpaypoatikoémrag (w.y. Layar) (Web 3.0, Thwocdpt
Movadog Enpactoroywkov Iotov AIIG).

Evyopiotieg

Mépog tng mapovcag £pevvag ekmToviinke KoTd T
dubpketa ™mg HETASIOOKTOPIKNG £€peuvog
‘Crowdsourcing kot ot gpappoyés oty IloAtiotikng
Kimpovopd’, mov  ypnpotodotidnke omd 1
petaddoktopikny  vmotpopicc  Apiotelog NG
Emtponng Epeuvav oV Apiototeleiov
[Movemotuiov ®ecoalovikng.
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BREAKING POTS — SIMULATING DESIGN FAILURES OF TRANSPORT
AMPHORAE BY USING THE FINITE ELEMENT METHOD (FEM)

AHEIN! AND V. KILIKOGLOU!

! Institute of Nanoscience and Nanotechnology, N.C.S.R. “Demokritos”
hein@ims.demokritos.gr

Hepilnyn/ Abstract

Ta ayyelo TOL ¥PNCULOTOOVVTAV YO TN HETAPOPA 1 THV OTOBNKELGN TPOIOVTIOV, OTMG Yo Tapddstypa ot
EUTOPIKOT AUPOPELG, ETPETE VO AVTEXOVV LEYOAD UNYOVIKG QOPTio KOTA TN ddpKELa TG Xpnong tovug. H Bpadon
€VOC apQOpEN TPOKAAOVGE GUVIHOMG TNV OTTMAELD. TOV TEPLEYOUEVOD TOV Kol cLYVE £€0eTe og Kivduvo oloKANpO
t0 Qoptio. H gpyactmploki] HEAETN TOV UNXOVIKOV 1I0THTOV TOL VAIKOD Umopel va GuUBAAAEL 6TV HEAETN TG
oLUTEPLPOPAS Tov appopéa. H emidpacn tov oyfuatog Opuwmc givar moAd mepimiokn yuw va efetactel
nepapotikd. o to Adyo avtd avomrdooovtor ynelokd povtéda kot eggtalovrol pe mpocopoimon tov
UNYOVIKGOV QopTiov ypnoiporoldviag t pébodo g avaivong menepacuévev ototyeiov. H mpocéyyion g
mpocopoimong Bo avamtvyfel omv mepinmtoon tov EAMVIOTIKOV gUmopiKdV ap@opé®v Kabdg Kot To
Bewpovpeva UnyoviKd eoptio IOV AVATTOCGOVTOL KOTA T LETUPOPE 6 £va epmopikd TAOTO.

Ceramic vessels which were used for storage and transport of commodities, such as wine amphorae, had to
withstand considerable loads during use. The failure of an amphora caused commonly the loss of the content and
could potentially endanger the entire cargo. In order to test the performance of the amphorae the ceramic
material can be tested for its mechanical properties. The influence of the vessel design, however, proved to be
too complex to be tested in the laboratory. Therefore, digital models of ceramic bodies can be created and tested
under simulated loads using the finite element method. The simulation approach is demonstrated with the
example of Hellenistic wine amphorae and the assumed loads that they had to withstand during transport in a
cargo ship.

Keywords: amphorae, mechanical loads, vessel design, FEM

details in comparison to the original material and
accurateness of the copy. An alternative approach is
the development of two- or three-dimensional
computer models, taking into account the material

Introduction

Utilitarian ceramics can be roughly divided in three

classes according to their function: storage vessels,
transport vessels and vessels or installations used for
processing. Fabricated in order to fulfil different
requirements the ceramics commonly presented
different material properties adjusted to their specific
use, such as flexural or compressive strength,
toughness, permeability, heat capacity and thermal
conductivity. These properties were controlled by the
craftspeople by means of raw material selection, clay
paste modification and firing conditions as it can be
investigated by laboratory analyses.

Apart from the material properties, shape parameters
may also affect the response of a vessel to
mechanical or thermal loads. Such parameters can
vary from size and wall thickness up to curvatures
and ridges. Shape, in contrast to material properties,
is more difficult to examine by material testing as it
is more complex. Furthermore, these kinds of tests
are commonly destructive. Therefore, testing of
genuine archaeological objects is categorically
impossible. Testing of replicates on the other hand
introduces additional uncertainty in terms of level of

properties. These models can be tested under
simulated loads by using the finite element method
(FEM) (Kilikoglou & Vekinis 2002, Senjanovic et al.
2004, Radic-Rossi 2005, Hein ef al. 2008).

The present paper will introduce this simulation
approach and demonstrate how it can be applied
using the example of transport vessels. Transport
vessels, such as amphorae, were built with
specifications to be able to contain their content
during transport from its place of production to its
place of consumption. The failure of transport
vessels commonly caused loss of the content and
under certain circumstances, besides the contents
themselves, they could endanger the stability of the
entire cargo for example during marine trade.

1. The FEM approach

The response of an object to external loads is a
boundary value problem. The displacement subject to
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mechanical loads for example can be described with
partial differential equations with explicit boundary
conditions. These are commonly not trivial to solve,
particularly if the system is examined in two or three
dimensions and if complex shapes are considered. In
the FEM approach the boundary value problem is
transferred into a system of discrete variational
equations, which can be solved and provide an
approximation to the total solution (Hughes 2000).
Therefore, the region of interest, such as a ceramic
object, is divided in an arbitrary number of sub-
regions, the so-called elements. In this way the
continuous structure is mapped on a discrete mesh.
The elements can be very small, which increases the
accuracy of the evaluation but at the same time their
quantity and eventually the computing time. Still,
their size is finite as is their number. Each element
consists of a group of nodes connected among each
other. For each of these nodes basis functions are

defined concerning the degrees of freedom (DOF) to
be examined, such as coordinates or temperature.
These functions build an equation system which can
be solved under consideration of the external loads
and constraints. Dynamic or so-called transient
problems are solved by calculating solutions in
discrete time intervals.

.
0.00 300.00 (mm)
[ S

150,00

Figure 1 Creation of a digital model of a Rhodian
amphora from photograph

The first step of the simulation is to create a digital
model of the object, for example an amphora. This
can be done on the basis of photographs or sketches,
from which the profile of the vessel is extracted. The
profile is revolved afterwards around the y-axis in
order to obtain a rotationally symmetric digital body
to which a specific wall thickness is applied (Fig. 1).
Handles are modelled separately and merged with the
amphora body. More realistic models can be
generated by application of a 3D scanner (Karasik &
Smilanski 2008). In this way also deviations from the
rotational symmetry or variations of the wall
thickness are considered. For a general assessment of
design features, however, the development of the

body from a profile is better suited. In the next step
material properties of the ceramics, such as Young’s
modulus, Poisson ratio and density, are attributed to
the digital model. These are determined by material
testing either of vessel fragments or replicates of the
ceramics, taking in account parameters, such as clay
type, temper materials or firing conditions.
Afterwards the model is meshed. The mesh size
affects the closeness of the model to the true problem
as the FEM solution eventually is an approximation.
Particularly in areas, in which large stress or strain is
expected, the mesh size has to be sufficiently fine,
while the mesh size in other areas can remain coarse
in order to reduce the element number and the
required computing capacity.

Finally the constraints are defined. In the case of
examining mechanical loads the constraints are
usually displacement or anchoring of certain points,
areas or regions and loads on other points, areas or
regions. After the system is set up completely it can
be solved by the computer. The solution provides the
displacement of the nodes under different types of
loads, from which stress or strain in specific areas are
extracted. Through comparison with the fracture
strength of the ceramics critical loads can be
estimated and their relation to the vessel design can
be examined (Hein et al. 2008).

2. Simulation of packing of transport amphorae

During the use of a transport amphora the probably
most critical phase was the storage and transport in a
cargo ship, in which amphorae commonly were piled
up in layers (Twede 2002). Evidence from
shipwrecks has revealed that the amphorae were
packed in such a way that the bases of an overlying
layer were fitted into the spaces between the
shoulders of the lower layer. The computer
simulation demonstrates that assuming tetragonal
alignment of the amphorae within a layer each
amphora had four contact areas on its shoulder with
amphorae of the upper layer and four contact areas
with amphorae of the lower layer (Fig. 2).

Even though the considered weight loads are actually
static the solution of the problem has to be set up in
time steps as the contact area is expected to increase
with the load. In order to reduce the problem use of
symmetries can be made so that eventually only one
contact is evaluated, as indicated in Figure 2.

Figure 3 presents the simulated development of the
contact area with increasing load, for the case of
Rhodian amphorae with a wall thickness of 8mm
assuming frictionless contact. The contact area at a
maximum load of 1000N is c. 23.5 mm?2 This
corresponds to a circle with a diameter of ¢. 5.5 mm,
even though the contact area is rather oval. The strain
distribution indicates pressure at the immediate
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contact area and maximum tension at the internal
surfaces of the amphorae opposite the contact area
(Fig. 4). Apart from this, increased tension is also
indicated at the external surface in a distance of c. 2
mm around the contact area. The tension in the upper
amphora produces a strain of c. 0.17%, which
appears to be higher than in the lower amphora and
actually it exceeds the critical strain of 0.11 %, which
is estimated for this type of ceramics (Hein et al.
2008). Therefore, according to this simulation a
failure of the amphora would be likely if the load on
every contact point would indeed reach 1000N.

between the shoulders of amphorae in the lower
layer. For the solution symmetries are used to reduce
the problem.

30

n
o

contact area in mm2

=

r

Q 500 1000
Load in N

Figure 3 Development of the contact area with
increasing load.

0

Figure 4 Simulated strain distribution in the two
Rhodian amphorae with a load of 1000N. Presented
is a section through the contact area.

In a more realistic simulation friction should be
considered. In this case, however, a new parameter,
the friction coefficient, has to be estimated,
introducing a further uncertainty into the model and
affecting at the same time the simulation results. An
alternative way is actually to simplify the model,
assuming bonded contacts. In this case nodes of the
two amphorae, once they are in contact, will not
move against each other. The resulting contact area is
considerably larger than in the case of frictionless
contact (Fig. 5), but the maximum strain, on the other
hand, is reduced to 0.04%. Contact area and
maximum strain, however, depend on the so-called
pinball region, which defines the distance between
two nodes, at which these are considered to be in
contact.

LI035
BLReS
29295e-5
“253170-6 Min

Figure 5 Strain distribution in the body of the upper
amphora. The contact is assumed to be bonded.

A comparison of the simulation results (Fig. 4, 5)
with actually failed vessels (Fig. 6) demonstrates
that the model is realistic. As for the size of the
damaged area the approach assuming bonded contact
provides results, which are closer to the observed
damages in comparison to assumed frictionless
contact. In order to achieve more realistic results
parameters such as friction coefficients or pinball
region have to be adapted to the examined material.
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Therefore, probably experiments will be necessary in
order to refine the models.

Figure 6 Damaged amphora with a kidney shaped
hole in its body.

In general, the application of FEM in archaeological
studies, simulating structural and mechanical
behaviour of objects, certainly has a large potential.
Published studies, however, are still relatively rare.
Apart from case studies on ceramic transport vessels
structural FEM studies concern mainly architectural
models (Levy & Dawson 2009) or ships (Foecke et
al. 2010). FEM on the other hand can also be applied
to simulate the thermal behaviour of ancient objects
or structures (Hein & Kilikoglou 2007).

Conclusions

The FEM approach can be applied for examining the
relation of vessel shape to the mechanical behaviour
of transport amphorae under simulated loads. In this
way different design parameters can be assessed in
terms of their functionality.

As it was demonstrated simulations can contribute to
the interpretation of failures and damages observed
in archaeological vessels. However, in order to
refine the models for example by introducing
simulation parameters for frictional contact, it
appears that experiments will be necessary.
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HepiZnyn/ Abstract

To mapdv apbpo e&etdlel ) ovvVEGEOPA TOV TPICIEACTATOV YNPIKAV OVOTAPACTACED®V GTO YOPO TNG
apyotoroyiog. Q¢ mapAdeLylLo. YPICYLOTOLEITOL O VOTEPOKAAUCIKOS 1OVIKOG Wendodintepog vads tov Ala, Tng
"Hpog kot tov Atovicov oty meproy Méoca g AéoPfov. Emumiéov, eEetdlovron Bewpnricd kot pebodoroykd
Oépata mov oyetiCovral [LE TV EMGTNUOVIKY] OVATOUPACTACT] APYOULOAOYIKOV HUVNUEI®V, OTOG 1 «KaBopOTNTO»
™g TAnpoopiag, N epunveia Kot 1 aEloAdynon Tov SedoUEVOV LLOG OVATUPACTUONS, Ol SLOPOPETIKEG LOPPES
avamapdoTaong Kot TEAMKA 1 o&io TOV EIKOVIKAOV OVOTOpUCTAGEDY MG EPEVVITIKO KOl EPUNVEVTIKO €PYOAEID
KATOVONONG TOL TaPeADOVTOG KOl TOV VAK®OV TOV KATAAOIT®V.

Our paper explores the contribution of three-dimensional, computer visualisation in the field of archacology. The
Ionic pseudo-dipteral temple of Zeus, Hera and Dionysus of the second half of the 4th century BC at Messa on
the island of Lesvos is used as the case study of this research. Moreover, we touch upon theoretical and
methodological aspects related explicitly to the scientific representation of monuments, i.e. the definition of the
primary archaeological data, the ‘clarity’ of the archaeological information provided, the interpretation and the
evaluation of a digital representation’s data, the different kinds of digital representations, and finally, the value of
digital representations as a research and interpretative tool for the apprehension of the past and the material
remains.

Aéerg Klewdia: Euwovikn Apyaroroyia, Tpiodidotateg epELVITIKEG OVOTOPUCTACELS UVNUEIOV, APYITEKTOVIKN
perétn, Yevdodintepog twvikdg vaods, Aéofog

Moaxapeg» (Treu 1958, 237, Treu 1963, 142-144,
Robert 1960, 292,300, Aysilapd 2004, 20).

Ewayoyi

Elvot yevikd mopadektd Ot ta povtéda (ovaAoykd 1

ynowKd) Kot 1 ovvlern oadkacio KATAOKEVTG
TOVg givarl OepedoOn otV apyoloAoYIKY Epunveia,
pe pokpd Mon mopadoon. EEartiag tov o611 TO
mapeAfOV eivol mePITAOKO, GLYVA OKATAANTTO Kot
avemaAnfevto, 1M epyocic HE  QOMOTOPEOMOTIKG
Ynookd povtéda pumopel vo, 0dnynoet Evav peretnt
oTNV  KATOVONoN OLVOET®V  OPYLTEKTOVIKAOV Kol
apyotoroyikadv Bspdtov (Sanders 1999, Chalmers &
Stoddart 1996).

1. To Iep6 Tov Méooov

To Iepd tov Méccov amoterel évav amd TOLG
ONUAVTIKOTEPOVS  OPYOIOAOYIKOVG — YMPOLS NG
AéoPov pe daitepn ovpPorkny oic (Ayehapd
2004, 14). Zoppova pe v opyoic mwopddoon,
BplokdTav 6To KEVIPO TOV VNGOV KOl OTOTEAOVOE
moArecPlaxd lepd, NON and v apyaikn emoyn e
vmaibplo  Poukn  Aatpele  otovg  «aBdvatovg

1o lepd Pprxav Kataevylo o Alkaiog Kot 1 Zamed
AOY® NG avTIOPOONG TOVG GTOLG TLPAVVOVG TNG
AécPov, evdd 0 Oedppactog eovtaleTol T Taned
Vo oLVOdEVEL pE T ADpa TG T Kopitoio g AéoPov
0€ EMIONUOVG OYDVES, TOV TEAOVVTAV GTOV 510 YMPO
(ABMvarog, deirvocopiorai, XIII 610a). g apyég
Tov 200 ot 7.X. anotéheoe v €6pa tov «Kotvov
tov Asgofiov», plog Opoomovdiog SnAadh ToV
nohe@V-Kpatdv TG AéoPov, 6mOv Ol €KTPOCHOTOL
T0VG cuvedpialay TPOKEWEVOD Vo AABOVV UTOPACELG
YO, KOWO OTPOTIOTIKG, TOATIKG, BpMOoKELTIKA Kol
dwaotikd 0Oépata. To «Kowd» dwtnpnonke pe
SwAsippato, wopiwg Ady® ™G EVOAAOYNG TOV
oxéoemv ¢ AéoPov pe 1t Popn, éoc to 20 ot p.X.
(Labarre 1992, 53, onuewocerg 111-115,
Kovptléiing 2012, 313-315).

To Iepd frav apepopévo otn Aeyopevn «AecsBlokmn
Tpuado» (Alag, Hpa kot Adovvcog). Zto TéAn Tov
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4ov at. T.X. ot Tévte morelg g AéoPov amopdcicav
™V amd KOwov YpMUHaToddTNoN Kot ovEYEPSN €VOG
VIEPAQUTPOV YeVdodimTepov voov (Ayxethapd 2004,
50, Kovptléling 2012, 314, onu. 788), o omoiog
OVTIKOTESTNOE KOl EVOOUATOOE OTO ECMTEPIKO TOL
éva emipnkeg apyaikd Aatpeutikd ktiplo (Koldewey
1890, 48). H emloyn g wevdodintepng kdToyng
v to vaod g AéoPov (Ew. 1) amoteAel v mpmdt
YVOOT EQUPUOYN NG OF LOVIKOVG VOOV, OAAY
TOVTOYPOVO, OTTOTEAEL KO £Vl LOGTAPLO TNG apyaiog
apYITEKTOVIKNG: 0o Bitpodfiog avopéper 6t o
Epuoyévng eivor o apyrtéktovag mov «e@ndpe» tov
yevdodintepo  vad  (IIL.3.1-10). H  axpfrg
¥povoAdynon g dpdong Tov eivar emiong vmo
ovlmon, aAld mAéov mioTevETOL OTL gpyaldTav
Katd tov 20 at. T.X. kKo mhavotata yopw oto 150
n.X. (Pollitt 2000, 304 kot onp. 8 ot oehida 395,
Gruben 2000, 433—434).
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Ewéve 1 Kdatoyn 100  00OTEPOKAACIKOV
yevdodintepov voov tov Méocov (Koldewey 1890,
pl. 20.2).

SOUQ@OVO LLE TOVG TOPOTAVED UEAETNTEG, 1) ATOO0CT
™mg emvonong G Wevdodinmtepng HOpPNG oToV
Eppoyévn, dgv elvar amoAdT¢ omodekt, €meldn
mapdpolo THmo KAToyMmg eiyav ol oikeAkol dmpikoi
vaol oM amd v opyoikn emoyn («Nadg G» oto
Teawvoovta, Naog ™g Hpog Aaxwviog (450 m.X.) kot
oto «Naod B» otov Axpdyavta (Olympieum) pévo
ot pokpég mievpég (Pollitt 2000, 304, Gruben
2000, 337, ew. 248). Emumiéov, mopodpoa
SlpdpPMOT  TOPATNPEITAL KOl GTOV  TEPAOTLO
yevdodintepo, ota  MALLPIKA  TTEPE, VOO NG
Aptéudog-Kvféing tov 300 m.X. otig Xdapdeig
(Dinsmoor 1950, 274, MrokoAdkng 1990, 66, ei.
30) kol 6TOV YPOVOAOYOVUEVO GTO @ TETOPTO TOL
60ov ot, oxeddv  yevdodintepo  SMAO  «ev
TOPUoTAcE dPKO Vvad TG ApTéUidog otnv
Képrvpa pe 8X17 kioveg (Kokkopov - Adevpd 1995,
64, ewc. 47 kou onueioon 148 oto Labarre 1992, 67
pe PProypapioc yio to mopomdve pvnueia). O
APYITEKTOVOG TOV YELSOIIMTEPOV VOOV TOL MEGGOL
Kol TOL vooy Tov ZpwvBéov AmoAlmvo otn Xpodon
¢ Tpwddag NTav Kamolog cuyypovog tov [Tubeov, o
omoiog é0pace oto TéAN Tov 4ov ar. m.X. H epunveio,
oL TPoTEIVETAL Yoo TNV avapopd tov BirpovBiov
glvan 6T, iowg o Eppoyévng ftav o mpdtoc mov
€QAPLOCE VT TO €100 KATOYNG GTOV 1wVIKO puOUd

Kot TOovOTATO 0 TPATOG TOV GUTIOAOYNOE YPOTTAG
™m xpnon g (Ew. 2).

Ewéva 2 Avoanapdotacn g OYng TtV OTEVOV
mevpmdv Tov vaov (Koldewey 1890, pl. 20.1).

O emPinticog vaodg dwtnpndnke mepimov péypt tov
30 at. pu.X., 0tov KataoTpéPeTol ond oewopd. Tov 4o
ol n Aduyn g véag Bpnokeiog Kot 1 epermIOTNTO
TOVL apPYaiov vooy emétpeyay T petafoAn tov lepov
O€ EPYOOTNPLOKO XDPO, OTMG VITOSEIKVVEL 1] EVPECT)
oKT® KMPAveV o©g emaEN Kol TEPWETPIKOE TOV
pvnueiov.  Xta  TOyOUATO  TOVG  EVIOMIGTNKOV
Opavcuéva apyLTEKTOVIKG UEA TOL VAOV, EVD GTO
E0MTEPIKO TOVG aofectomomdnKoy  eKATOVTAdEG
Ao (Ew. 3). Tov 50 1 tov 60 at. p.X. mave ot
Oepelioon  tov Kataokevdotnke pio  TpikALTh
TOAOLOYPIOTIOVIKY KOWUNTNPLOKY PBacthikn, and v
omoio. omlovtar Aelyovo, kvpiog M oyida TOL
KEVTPIKOD KAITOLG 0TO ovaTtoAlkd Kot Opadoporta
amd TG €0MTEPIKEG  Klovootolyieg (appdfdmrot
o@OVOLAOL, Klovokpava), Tunquate Ompokiov Kot
Opavopoto amd TO  @payue Tov  TpecPutepiov
(Koldewey 1890, 48, mv. 19 pe Aevkd ypoua). O
VoG TPOGPEPE ETOYLO OKOOOUIKO VAKO Yo TNV
avéyepon g Pactiikng. Me to mépacia Tov xpovov,
0 vaog Egyviétal, TA OPYITEKTOVIKA TOV UEAM
Bafovtal N LETAKIVOOVTOL Y10l TNV KATAOKELT] GAA®V
KTIPIOV/OVOAUPOTIKOY — TolY®v oV €upuTepn
TEPLOYT], OTMG OTO HECAUMVIKO Y®PLO 6T0 SVTIKA TOV
Iepov (Iletpdkoc 1967, 96). H Pooihikn emiong
Kataotpépetar kot ot petoPfolovivg - emoyn
kataokevdletar ot Béom g €va  uKpOTEPO
HOVOY®mPO €KKANGIO10, TO 0oio gival YvmoTod amd Tig
myés oG vaiokog apiepmpévog otov «Ta&bpyn
Muyoni» (Koldewey 1890, 48, Kovptléiing 2004,
78-79). H aprmoyn Kot 1 ETOVOYPNCILOTOINCT|
OPYITEKTOVIKOD VAWKOD Bo givol cvveyng o¢g
VEDTEPN EMOYN, LEXPL TNV KNPLEN KOl TPOGTAGIN TOV
OPYOLOAOYIKOD YDPOL OO TNV TOTIKN ApPYOl0lOYIKT
Ymnpeoio.
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2. H avaxdioyn tov pvipeiov Kot o1 avaoKaQKE
épeuveg

Yta pésa tov 1900 at. 0 vadg avagEépeTal Yo TpMTN
oopd and tov I'dAdo mepmynt) Boutan. To 1885—
1886 o Tepuavog apyrtéktovog R. Koldewey
avaoKAmTel T0 vaod, oxedovV KOTO TO NGV, Kot
TapovcLlalel Ta apyLteKToVIKG ototyeia tov oe pia
VROdELYHOTIKY dNpocievon, 1 oroila TeptAapPaveTon
otn pekétn tov pe titho Die antiken Baureste der
Insel Lesbos (1890, 47-61, mwv. 18-26). Katd
duipketor tov 200V ot yivovtor HIKPNG £KTOONG
OVOOKOPIKEG  €PEVVEC, HE KULPLWOTEPY] OLTH TOL
Baocikeiov Iletpdxov oto 1967-1968 (Iletpdiog
1967, 96—-102, mv. 7484, letpdiog 1968, 84—86).

To pvnueio Ba anokalvebel TANpwS oe OAES TOL TIG
dwotdoelg poig to 1996. Kotd v mepiodo 2002—
2004 6o mpaypatomomBel M SopdPP®ON TOL OF
EMOKEYILO OPYOIOAOYIKO YDPO LE YPNUATOdOTNON
tov TIEIT Bopeiov Atyaiov (Ew. 4). Ot televtaieg
epyaocieg £pepov 010 PG Eva 6TOLSOI0 EPELVNTIKO
VAMKO, wovd vo QoTicel dyvoota ototxeio g
OPYITEKTOVIKNG Tov pvnueiov (Ayxethapd 2004,
Kovptléiing 2004).

Ewéva 3 Opadopoto 1oviK@V KIOVOKPAVeOY Tov
KIOVOV Tov TTepov. Atokpivovtor ot EAIKEG Kot 1
dwakocunon tov tpookepaiaiov (Ayethapd 2004).

3. H xotdotaon swtipnong tov pvinueiov Kot
0VGKoALN KaTAVON GG TOV

Yruepa 0 voog coletor oto Hyog tng Beperimong
oV, KAOGTOVTOG SVOKOAN TNV «OovAyvmGT)» TOV.
And v tpaddmt) kpnmida cwlovrol eldyioTol
ABot ota dvTikd (e&mTEpIKOd HETOTO) KO HEPIKES
ECMTEPIKEG  OTPMOEL; OTO,  VOTIOOVOTOAMKE  TOV
ekkinowiov (Kovptléhing 2004, 43-47, Axeihapd
2004, 26-30).

Mvnueio mov  dwtnpodvior o©T10  €mimEdo NG
Oepedioone, OmOC 0 VOTEPOKAUCIKOG VAOG TOL
Mécoov, pvnueia mov  mapovcldlovy  TOIKIAES
emepPaoels, aAlay<c ypNong Kot TPocHnKeg avd Tovg

aloveg, gival SVOKOAO VO YIVOuV KOTOVONTH GTOVG
EMOKENTEC, OAAA OKOUT| KOl € E10KOVG EMIGTNUOVEG
mov dev &yovv acyoindet pe To 1610 To pvnueio. Xty
TEPIMTMOON OVTH Ol EMGTNUOVEG EYovV TN S1dbeom
TOVG o GEPA OMTIKOV EPYAAEI®V, TPOKEUEVOL VO
Tapovclalovy ™V apytkn Hopen evog pvnueiov M
KAmol GNUaVTIKG GToLElD TG APYLTEKTOVIKNG TOV.
Ta epyakeio avtd sivar Kvpiwg ot OYESOOTIKEG
OTEIKOVIGELG (KATOWELG, OWELS, TOUES), TO OVOAOYIKA
poviédo vrnd  KAipoka (scale-models WM plaster-
models), 01 OVOAOYIKEG OVOTOAPUCTAUCES K.0L XE
TOMEG  TEPMTOOELS EMAEYETOL 1 YPHON TOV
YNOKOY LOVTEA®Y MG TO WO KATAAANAO HEGO Yo
TNV TOPOLGiooT TOV avooKoeikov dedopévav (Eu.
5, Kovptléhing 2012, 262-263).

: ey I
Ewéva 4 O apyotoloykdg ydpog LeTd TG epyocieg
drapdpemong kat avadeigng (Kovptléiing 2004).

Ewoéva 5 Ynowxn tpodidotorn ovomapacToom
avAYALONG QULTIKNG OLOKOOUNCTG TPOCKEPUANIOL
Klovokpavov o€ avamtuypo (Kovptléding 2012).

O oyetikéc Xapteg mapéyovv Gpeon 1M EUUEOT
ompiEn ot ypnion twv Néwv Teyvoloyiwv otov
topén, tov IMoMtiopov. Evdewtikd oavapépovpe
Xopro. tov Tlolitiouixod Tovpiouod (otn ocuvéyEw
ICOMOS 1999), ™ Zdupfaon yio. tqv mpootacio. g
Apyitexrovikng  Kinpovouids te Evporng (ot
ovvéyewo, Convention 1985), t Xdpra ¢ Bevetiag,
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m Xdpra ICOMOS ya v epunveio koi Ty
wapovoioon TV YOpwv TG TOMTIOTIKHG
KAnpovouics, ™ Xdpro tov Ename, oty mpdt
Sdwtvmwon g to 2002, ™ Xdpra tov Aovdivov 2.1,
Defpovdplog 2009 (avorvTikn SOTPAYLATELGT) GTO
Kovptléding 2012, 57-68) war ™ Xdpro ¢
2efiring yio tyv Ewcovikn Apyoroloyio (Iodiog 2010
kot Forum Draft 2011).

4. LKOmOG TNG EKOVIKIG AVOTOPACTACNS

XKomdg Mg EWKOVIKNG  ovamoapdotacng  MTov
TPOTIOTOS 1) OPYLTEKTOVIKY] LEAETN TOL pvnueiov e
TNV KOTOOKELT] OVOALTIKAOV YNOLIKOV LOVTEAMVY Yol
k@O éva apyltekToviKO GTotKElD TOV.

H perémm evoc pvnueiov oe ymoeuokod mepipdiiov
mapéyel TN dvvaTOTNTA OTOVG HEAETNTEG v
aflomomcovv OAeg T dwbéoyleg mAnpopopies, Ta
aVOAOYIKA OYEWL KOL TIS OVOTOPUCTACELS KOL VoL
OTTIKOTO GOV TTPOTACEL/Bempieg Kol meptypapés,
xopic vo emmpedletor to 1010 (Frischer et al. 2002,
11). Ewdkd yio pvnpeio, to 0moio ovocsKAmTTovToL Yio,
peyoa  ypovikd  Swwotnpote Kot - olafétovv
0CVVOETEG TANPOPOPIEG JAPOPETIKAOV HELETNTOV 1)
ymotakn texvoroyio ivar wWiaitepa ypnoun, Kabmg
pumopel vo «gvovewy dedopéva. Me 1 dnpuovpyia
OVOADTIKOV YNOIKOV HOVIEA®V Ol apyotoAdyol
UTOpOVV VO OVACKAWOUV €K VEOL évav Y(Dpo, va
0éoovv  epOTNUOTA KOL VO  OTTIKOTOWGOLV  TIG
evoei&elg mov €yovv katayplyet.

H évvown tov «ewovikovy (Virtual) omiodver OtTi
TPOKELTAL Y10l VAL AVTLYpapO, £VOL VTOKATAGTATO, TOV
OTIG MEPLGGOTEPES MEPIMTMOGELS AVATOPLOTH KATL TOV
TAEOV dEV VTTAPYEL OTNV EMOYN MAG, aAAG VINPEE 6TO
maperdov (Reilly 1991, 133-140, Reilly 1992, 162).
O okomdc g Omuovpylag Tov HOVIELOL €vOg
pvnueiov elvonr vo emTtpéyel oTOVG UEAETNTEG Vo
KOTOVONGOLY KOADTEP TN OOWY, TN YEOUETPIO, TOV
KOl TOVTOXPOVO VO AEITOLPYNOEL MG KOTAAANAOG
©OPEaG Y10 TEWPAUOTICHOVG e TNV Ttpdobeon 1 v
aQaipeon SOMKOV 1] VYOAOYIKAOV YULPUKTNPLOTIKMV
(Fishwick 1995, Mortenson 1985).

Ta mv YNOLoKN ovaropdotoon oV
VOTEPOKANCIKOD VOOV YpnoiLonoitnke og Pactkd
VAMKO TeKumpimong m  opykny perétn tov R
Koldewey, n omoia petd omd éheyxo amodeiyOnie
akpipng oto peyorvtepo pépog g (Ew. 6), ot
épevveg TV vedtepmv EAMvov peletntdv, 1)
oyxedootikn] omewkovion (1:20 ywr o owKodopukd
Aetyovo kot 1:10, 1:5 ywo to Opadopota), n
POTOYPOQPIKNY TEKUNpiwon, 1N Wwitepn TeEKUNpimon
TOV OPYITEKTOVIKOD LAKOV, TO 0omoio TomofethOnke
GTOV NUILTAiOP10 EKOECIAKO YDPO TNG APYAULOAOYIKNG
0éomng, o1 OVOAVTIKEG UETPNOEIS OPYITEKTOVIKMDV
perdv k.o o v Kotookevn Tov  HovTEAOL
ypnoomomdnkay novo passive techniques péBodot

povielomoinong, ®ote vo amodobel moTdTEPO M
veopetpion kdbe opylteEKTOVIKOD HELOVG Kol Vo
TpokLYEL éva e0KoAa dwayepioo apyeio and Evav
mpocomkd vroroywwt (Kovptléding 2012, 329-
370).

o v ynoakn tpiodidotatn ameovion ToV Voo
afloromnkav  emmAéov Ot TANPOYOPiEG  TOV
mpoékvyav amd TN perétn KTipiowv, To  omoia
Tapovctalovy opoldTNTEG e To vod tov MéEacov,
omws o vaog g [lolddoc ABnvac oty IIpujvn, o
vaog g Aptéudog Agvkoepunvig ot Mayvnoia
eni Modvop®, to Moavowigio g AAKopvaccov, o
vaog tg AOnvag omv Ilépyoapo, o vadg Tov
Awovicov oty Téw, T0 Advpaio Kot Kupimg 0 vodg
00 AmorlAova Zpwvbéng ot Xpoon ™mg Tpmadog
(Kovptléding 2012, 318-328, pe OvVOALTIKN
neplypaen Kot BipAloypoeio yioo kGOe évo omd ta
LVNLELR TOV AVOPEPOVTOL TAPATAVED).

P 1)

s . o {-,q ) -‘461‘

Ewévo 6 Awdiwocio €A&yyov TG  WNELOKNG
avanapdotaong pe Paon t perétn tov Koldewey
(Kovptléiing 2012).

lNo ™V KOTOOKELY] TV  YNELKOV HOVIEA®DV
eEMAEYONKE 1 YPON  TOL  TPOYPALLOTOG
tpodidotatov ypapikov Cinema 4D (Release 13),
T0 O0molo TOpEYEL TIG OMOPOITNTEG SVVOTOTNTEG
LOVTEAOTOINONG, KOTOOKELNS VOOV, PEUACTIKNG
amOdooNg  TOL  YEWYPOPIKOL  OVOYyADPOL Kl
TPOCOUOI®ONG  TOV  CLUVONKOV  QOTIGHOL Kl
xivnong. H eneéepyasio tov veov (textures) Eywve pe
t0 Aoywopkd enefepyoaciog ewdvov  Photoshop
(Version CS5), xafdg kot pe v €QAPUOYN TOL
dwtifeton evompotopévn oto Cinema 4D yuwo v
KOTOOKELT] YNOLIKADV DOQOV.

210 TmAIC0 NG EIKOVIKAG — avVOmOpAcTOoNG
0PEIAOVILE VO TOPOVGLAGOVUE OAQ TO OPYITEKTOVIKG
otolyeia, £€0T® GLUPATIKA, aKOUN KOl QUTA Yo TO
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omoio. vdpyel eAMIAG 1 pndapvy mAnpogopio. H
6000 OA®V TV oTolyEinV Tpémel va cEPETAL TIG
apyés g «Eucovikng Apyotoroyiogy, dniadn v
auoTNPN Kot pnt dNA®OT OAMV TOV TANPOPOPLDV
apecov 1 EUUECOV, Ol omoieg ypnolpomot|Onkay
(Hermon 2008, 36-45). H ontwomoinon twv
anoyewv/fswpudv o ynelakd meptPdArov  eivar
wWaitepa onpovtiky, kabog prnopel va emPefordost,
vo amoppiyel 11 vo Pondiost oy emaveétaon
Oepdtov, ocvuPfdiloviog OGNV TEPUTEP® EPELVA
(Ryan & Roberts 1997, Kovpt{éhing 2008, 87-94,
Mealing 1992, Kovptléiing 2012, 47-52).

5. Ta tprodidotate WYNOWKE pPOVIEAD O
EPUIVEVTIKG  gpyoreio  oTNV  OPYOLOAOYLKN
EMOTHUY

Ta povtéha amotelodv amhomoinon ToV oKEYEDV 1|
TOV TOPOUETPOV LG COVOETNG TTPOYUATIKOTNTAG,
onwg ot apyaiot vaoi (Lock 2003, 147). Eniong éva
YnooKkd epeuvnTikd povtéAo pmopel va avoivdel
TEPAUTEP®D OE TEGOEPLS POCIKES LOPQEG, Ol OToieg
KoAOmTouy  OAa  to.  €ldm  avamapdotaong 1)
Tpoypoatikd Hovtéro, 2) poviédo g ovyxpovng
Kotdotaong — evog  pvnueiov,  3)  povtédo
amokaTdoTaons Kot 4) HoviEAOo  avomopdoTaong
(Frischer & Stinson 2007, 51-52).

Ta AOYIGLUKE TPLEdICTATNG OTEIKOVIONG
TANPoPopLOY  €yovv dV0 Pacikéc ypNoE oV
EMOTNUN 1TNG OPYOOAOYIOG: TNV EPUNVELTIKY
(interpretive) ko v ekQpacTiky (expressive). Ta
EPUNVELTIKG gpyoleio Bonbovv Tovg EMGTIUOVES VO
dovv kot va emeepynoToOV TNV  OMTIKOTOULEVN
mpogopia (Gordin et al. 1996, Nielson et al.
1997).

KdBe ynmowoxd epegovntikd poviého mpémer va
ovvodevetal amnd to. dedopéva Pacel TOV omoimv
dnuovpynbnke. H «kotaypoen tov dedopévov
(metadata) oG YyNEOLOKNG oVOTAPAGTOONG AmOTELET
{ntovuevo akdun Kot onuepa, oxedov 25 ypovia
LETA TNV TPMTN WNOLOKY] OVOTOPACTACT] (EKKANGIa
tov Furness Abbey otn Cumbria g AyyAiag To
1989) xot 23 ypoévia petd v kabiépmon tov dpov
Virtual Archaeology amd tov Paul Reilly (Reilly
1991, 133). Ev®d Opmg vrapyel TO EMOTNUOVIKO
voPabpo and T 00NYieg oYETIKOV XOPTWV, CTAVIN
KOTOYPAPOVTOL TO HETOOEOOMEVO WIOG WYNOLOKNAG
ovaroapdotaong (Miller & Richards 1995, 20 ko
Van Gool et al. 2004, Anderson 2003, 21-27,
Anderson, 2004, 249-254 yio koAl TEKUNPIOUEVEG
npoondfeteg). H  élhewyn  xoataypoeng TtV
dedopévav, Tave ota omoia otnpiletorl pio ynelokn
avamapdotacn, duvautiler ) ovpPorr tov Néwv
Teyvoloyidv 6To XMPO TOV MOAMTICUOD KOl OTOTEAEL
TNV KLPLOTEPN OuTiol AUPLEPTNONG KOl KPLTIKNG TOVG
MG EMOTNUOVIKA €PYOAEio. OmO TOVG  «EWIKOVG
nepeyopévovy (Miller & Richards 1995, 19-22, Earl
2005, 205, Kovptléiing 2009, 11-16).

H xotoaypoaen tov dedopévov gival kot 0 Hovadikdg
TpOMOG eAEéyxov TG a&lOMOTIOG €VOG  YNELOKOD
povtédov. Zn  dwebvry  Pifloypapic  vrdpyovv
TOAAEG TPOsEYYIoELS Yoo TOV TPOTO dnpuovpyloag Kot
dlTNpNoNg TV HETASESOUEV®V, TOV KvouvTal amnd
NV OmA AEKTIKY KOTOYPOQN £0G TNV TPOCAPLOYTH
TOV  VEICTAUEVOV TPOTUT®V Y.  UETAOESOUEVA
(Dublin Core), tig e&e1dicevpéves Paoelg dedopévmv
nov otpifovtar og X3D/ XML (Vatanen 2003, 70—
72), tg «ynoelakég Pifrlodnresy datnpnong Tov
dedopéveVY, OKOUN Kol TN o00TOOT oG EOKNG
EMTPOTNG MGTONOINONG YNPLIKADV AVATUPAGTACEDV
(Frisher et al. 2000, 158) x.0. H avapopd otnv
OPYOLOAOYIKT TEKUNPIMOT EMITPENMEL GTOVG ELOKOVG
va  Slomotdoovy Yl WO TUNHOTO  €VOg
OVTIKEWEVOL VLTAPYEL TANPNG, HEPKN M EAMTNG
minpogopia. o v avorapdctacn tov vaod Tov
Méocov ovvtdéape pio  @Opue, TNV - ool
ovopdoope «Agktio tekunpioong g YNOLIKNG
avanapdotacney (Kovptléiing 2012, 329-332).

H ¥éa ypriong evog pécov Kataypaens, to omoio
pmopelt va pnbel eite oe ovaroywn eite og
YNOwKn  Hopen, TPoépyeTol  omd  pio  mo
TOPASOCIOKT TPOCEYYIOT KATAYPOPNG KoL THPNONG
dedopévoy. Xe Kkdbe «Aghtion KoTOypAPOVTOL
OUVOTITIKG.  OA0L  TOL  O0OUEVO. TG  YNOLOKNG
avoanopdoTaong (d1aotdoEl, VAIKO, ivn
YPDUUTOG/ KOVIALOTOG, GYECT| HE TO LTOKEIUEVO KoL
VIEPKEILEVO OPYOLOAOYIKO HEAOG, TO «TOPAAATALY
pvnueio 1 apyITEKTOVIKG GTOLELD, Ol POTOYPOPLKEG
Kol oXedlOOTIKEG AmEWOVIioels, 1 Pproypapia) Kot
yevikd 6Aa ta otoyygia mive oto omoia otnpileTol
KOTOOKELT] TOV YNOLIKoD HOVIEAOL KOl 0popd GE
éva apyrtektovikd péAog M ototyeio. To «Agktion
pmopetl vo ypnoiponondei 1600 omd tov o TOV
LEAETNTN-KOTOOKEVOOT] TOV YNOOIKOV LOVTEA®V
Katd T OGPKELN TG KOTAOKELNG TOV HOVTEAOL 1) G
petayevéotepn @aon emoinfevong M a&loAdyNoNg
Tov, 660 Kol Omd CGAAOVG HeEAETNTEG, Ol oOmoiot
emBopolv - va  ehéyEovv  to.  dedopéva NG
avanapdotaonc. Emiong, m  ovoAvTik  ymouokn
oxedloon Okwv TV dedopévov  eivar  pua
amokoALTTIK  Swdikacio  KOTOVOMong  TMV
AETTOLEPEIDOY KOl TOV WOWHTEP®V OTOYEIOV TOL
yopoktnpifovv éva pvnueio, kabdG TOAAES POPEG
Bewpobpe OtL yvopilovpe OAeg TIG AETTOUEPELES TOV,
oAAG Otav mpoomafnoovpe Vo TO AvAGLVOEGOLLE
YNOLOKE, SAMIGTOVOLUE OTL dEV Elval YVOOTA TOALA
Kpioyo otoyygio Tov, T.Y. 0 TPOTOG EVIOONG TOV EVOG
HEAOVG LE TO VTOKEIUEVO KOl TO VILEPKEIUEVO TOV, M
YOVIOKY  SIOUOPO®MOT]  HEADV, Ol Ol0KOGUNTIKEG
AETTOUEPELEC, TO APYLTEKTOVIKG OTOLYELD TTOV UTOPEL
va égovv omodobei oe PBapTd vVAKA OTmg To EOGAO
(Bpavor,  oatvopata ko) N (oypaekd
(Kovptléring 2012, 332-370).

H a&lo tov ynolokod HoviéAov yio TOV HEAETNTN
OV  OMTIKOTMOlEl TO  OPYOLOAOYIKEA/QPYLTEKTOVIKG

dedopéva Tov  glvar  peyaAn, KobBdg, Katd T
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S10d1KOoi0 KATOGKEVNG TOL LOVTEAOV, ELGEPYETOL GE
pio ouvBetn dadikacio a&loldoynong TV dedopEVmV
Kol KaTovonong g HOpPeNG TOL OVIIKEWEVOL OV
aVOTAPIOTH. Xe TOAAEC TEPUTTMOELS, TO YNOLUKO
LOVTEAO OTOKOAVTTEL TO KKEVOY TNG OPYOLOAOYIKNG
mAnpogopiag, katL mov dev eivar €QKTO pE TNV
avaroyikn oyediaon, n omola cuvnbmg eotidleTon
OTNV OmOJ0GN TNG TPOYUATIKNG KOTACTOONS €VOGC
pvnueiov. ‘Eva avolotikd ynoetakd HOvTEAO &vOg
pvnueiov éyel emotnpovikn aio, poévo av péco omd
TG Aemtopépeleg, mov mpoPdAlovtal, pmopel va
Bonbnoer omv katavonon Kot oty - emilvon
EMOTNUOVIKOV TPOoPAnudtev, OnAadn &av eivor
avoytd oe Kputkn Besdpnon. H ovompotikn
Kataypaer OAmV TV dedopéveov Hiag YNOIKNG
avanapbotaong (metadata and paradata) amotelel 1
Kot TNV amévtnon oty ovEnuévi KPLTikn Tov
déyovior  €dd KoL xpoOVIKL Ol YNOLUKEG
avanapaoctdoelg pvnueiov (Ryan 2001, Frischer &
Stinson 2007, 58).

6. Ta omoTELEORATA ™mg
avoTepacTAGNS TOV VaoU Tov Mécoov

YN QLIKIG

H o&ia tov ynelokod PoviEAOL ®C EPELVNTIKO Kol
EPUNVELTIKO gpyareio KOTOVOTONG ™mg
OPYITEKTOVIKNG HOPONG TOL vaoL Tov MEooov
avadeiydnke oty mepintoon pog péco amd TV
amoKGALYN  WoG  oEpdg  mPoPAnudtov NG

OPYITEKTOVIKNG TOL VooV, To omoio. dgv MrTav
TPONYOVUEVMG OPATE KOt ToL 0moio, Vol eVOEIKTIKG
™G OVoNTIKNG O10dIKaGING TOV amoLTeEiTaL Yio T
CUUTANPOON TOV EAMTOV oTolElOV VoG TOGO
obvvBetov Ktipiov, OTMG 0 VOTEPOKANGIKOG VAOS TNG
Aéopov (Ew. 7).

Ewoéva 7 Tpiodidototn amekdévion Tov EMGTUAIOL
TOV TTTEPOV. ANYn VIO YwVio, MOTE Vo vl 0path 1M

empavela Edpaong tov (Kovptléding 2012).

Mepwd amd oavtd Mrav: M EMCNUAVOY  TOL
TPOPANLOTOG TG EVAOTS TV dVO CLUMV GTIG YOVIES
TOV TTTEPOV, KOOMG 1 GiUN TOV HOKPOV TAEVPOV Kol
N olun Tev otevdv TAevpdv Exovv Aafevtel pe
dwpopetikny dwtopny (Ew. 8). H oamnddoon tmv
VOPOPPODV, 1 HOPOT TOV AKPOTNPI®V, 1 AITOS00T

TOV YOVIOK®V OPYLITEKTOVIKOV UHEA®V, O TPOmOG
EMIOTEYNG TOV €V TAPACTAGEL KIOVQV, 1) OTAPIEN TG
OTEYNG Kot TV oplovTiov S0K®V OTO HETOKIOVLIA
dloTHaTa, 1 AeLTovpyia TG «LTOSOYNG» GTNV TC®
oyn mg Coedpov (Kovptléiing 2012, 353-357,
366-370).

7 il ::.F‘I‘ ‘I"‘. A
Ewéva 8 Tpiodidotatn poTopeaoTiKn anekdvion
™™g NA yoviog Tov voov. Awakpivetal n didpBpwon
oV BpLykov, TUAHO TOV EDAVOV QUTVOLAT®OV, OAAL
Kopimg To WPOPANUA «Evoongy TG Giung Tov
HOKPOV — TAELP®OV Kol TG  EMAETIOG  GIUNg
(Kovptléring 2012).

Apyrtektovikd péln Wdtaitepo onUAvVTIKG, OTOS TO
YOVIOKO  Klovokpavo,  Opavcpo  tov  omoiov
evtomicOnke Yo TPOT QOPE GTIC OVACKAPES TOL
2003, amokaTacTaOnKay YNOoKe Baoet
TOPUAMIA@V Tapadelyldtov, OTMG TO AVTIGTOLO
Klovokpavo g ABnvag oty Ilpmvn kot g
Agvkoppunvng  Aptéudog ot Mayvnoia  eml
Matavdpo. Mndapvég ftav ot TAnpopopieg Yo Ta
(ATVOUOTO TOV VooV, To omoiol amododnkav g
&EOlva, obupova pe v avtiotoyn HeAETN TOV
Hoepfner (1990, 1-34) yw 10 QOIVOUOTO TOV
HEYOA®V O100TACEDMY YEVOOSIMTEPMV 1OVIKDOV VODV
tov 4ov at. w.X. (Ew. 9).

Ewévae 9 Tpwdudotarn avamapdotacn  Tov
YOVIOKOD Klovokpavoy tov mtepol (Kovptléing
2012).

[opéoo 7OV 1M YNOWKA  OVOTOPACTOOCT
nepopiotnke oty akpiPn anddoon g yempeTpiog
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TOV VooV, GTO0 YNOuwkd pHoviédo amododnkay
EVOEIKTIKO, Ol YPOUOTIKEG EVOAAAYEC KOl  TO
SPOPETIKA VAKG dOUNONG OTNV TOLXOTOU TOV
Koplmg vaov, 10 otvAofdtn kot tov Oprykod oTO
ntepd (Ew. 10). Ot toiyor TOL OMKOV, Ol €V
napactdost kiovee, mAnV G Pdong kot TOL
Klovokpavov, 1 Co@épog kol TO TOUTAVO, Elyov
KATAOKEVAOTEL OO POSIVO NOAUGTELNKO TETPMLLA, TO
omoio épyetar oe aviifeon pe To AEVKO TETPOUA
(Mmopitn) tov vwodAomov kTpiov (Axehopd 2004,
35, Kovptléhing 2012, 368-380 pe ewdveg kot
TapadeiypaTa).

Ewoéva 10 Tpioddotomn omeikdvion Tov voo.
Amoyn omo ta, ovatoAkd (Kovptléiing 2012).

Xounepdopata

ZOUTEPOCUATIKE — UTOPOVHE Vo TOOME  OTL M
TPIOOICTATN OMEKOVIOT] TOV Vvaod tov MéEocov
TpaypatonoOnke pe oefacud otig apyég Kol Toug
Kavoveg ™mg EKOVIKNG OVOTOPAoTOONG
apyaloroyikav dedopévav. Kopro pépuva vanpée n
XPNON  TOV  TPIOOIICTATOV  YPOPIKOV O £va
0VOLOOTIKO  €pYOAEio  EAEYYOVL Kol  KOTOVONONG
dedopévav, Omwc GAA®OoTE Kataypapetal ot debvn
BProypapic @wg to {mrodupevo ™¢ «Ekovikng
Apyaroroyiag» (Barcelo 2000, 9, Gillings 2000, 59).
Eniong, Oewpodue o1t Pektimoe TIC onpepvég
axoAlovBovueveg Mpoxtikég oIV xépacn
pebodoloying KOTAOKELNG OVOAVTIKOV WNOLIK®OV
HOVTEA®V, HEG® TNG TPOTEWVOUEVNG  GUVEXODG
afloloynong, Kataypaeng Kol - epunveiog  ToV
dedopévav.

H ynowxm avamapdotacn tov vaod tov Méocov
gV EMIKEVIPMOVETOL OTNV  TMOPOLOIOCT  VE®V
katevdOvoswv/teyvikwv (Forte 2008, 21-35), aArd
eMOTPEPEL o1 POCIKN 0Py NG OPYOLOAOYIKNG
épevvag — v TeKunpioon—, mpoteivoviag TNV
avOALTIKY oyediacn Kot Kotaypoen OA®V TV
dedopévav TG avamapdceTacnS, TOL GLVOSEVOLV TO
yMoKd HoVTELo, AGTE Vo glval dlapkmg dabéoyLa,
1660 o©Tov 1010 TOV pEAETNTH, OGO KOl OTOVG
VTOAOITOVG  EPELVNTEG, Ol OMOiol KOAOLVTOL VO

eAéyoov v opBdTNTOL NG EPUNVEVTIKNG
dwdcooiag mov €xel akoiovbnbei. To ymooxd
HOVTELO pmopel VO OVOVEDVETOL JLOPKDOG, VO
CUUTANPAOVETAL KOl VO TPOTOTOLEITAL, TPOKEUEVOL
va cUUPAAEL oTV €pguva VO v Ueiov.

Evyopiotieg

Oepuéc evyapiotieg oPeiloviol oTov emayyeApatio
ypagpiota John Goodinson, o omoiog ocuvEPaie
OVLCLOCTIKG  GTNV  YNOOKN — OVOTOPACTOoT]  TOV
pvnueiov.
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HepiZnyn/ Abstract

At the Acropolis Restoration Service a database management system for the documentation of the restoration
interventions has been in use through successive upgrades for the past 25 years. Recent activities towards the
implementation of 3D visualisation facilities and the simplification of the database structure aim to benefit user-
interaction with the database records and achieve improved transaction speeds. A 3D visualisation and modelling
tool that has been developed for the segmentation and annotation of 3D textured models of complex architectural
features or entire monuments facilitates the association of individual 3D spatial structures with the corresponding
database records. This way it is possible to depict the results of queries regarding the state of preservation and
the restoration interventions directly on the 3D model of a monument. Combined with data structure
improvements, the designed tool enhances data accessibility and visual data examination.

Xmv Ymnpeoia Zvvtipnong Mvnueiov AkpoémoAng éva cvomnuo dayeipiong Paong dedopévov yuo v
TEKUNPIOON TOV EPY®V OmOKATAGTOONG PpickeTal o€ ypnomn péca omd dadoyikég avapaduicelg ta televtaio 25
xpovia. Tlpdoeoteg emepufdoelg mpog v Koatevbovvon g evowudtoong Asttovpytdv tpiodidotons (3A)
OMEKOVIONG KOl NG amAoVoTevong g doung g Pdong dedopévov amocKOTOVY GTNV EVIGYLGN NG
oAnienidpaong tov ypnotdv pe to dedopéva kot TtV emitevén PeATIOUEVOV TOXVTHTOV OTOKPIONG TOV
ovotiuatog. H avantoén evdg epyoieiov 3A onTiKOmONoNG Kol LOVTEAOTOINONG Yo TV KOTATUNOTN KOl TNV
onuavon 3A HOVIEA®V TOL OVOTOPLGTOVV HE LET TOADTAOKA OPYLTEKTOVIKA oTotyeio 1| oAdKANpa pvnueio,
EMUTPEMEL TN OVVOEON EMUEPOVS 3A YEMUETPIKAOV OVTIKEWWEVOV WE TIC OVTIOTOLEG &YYpapés tng Pdong
dedopévov. Me tov Tpdmo avTd pmopet vo. onTikomomBel To AmOTEAEGLO EPOTNUATOV CYETIKA LE TV KATAGTAON
™mg Swmpnong kot Tig enepPacels anokatdotacng katevbeiov emdveo oto 3A poviélo tov pvnueiov. Xe
ouvovacud pe PelTudoelg ot doun SdOoUEV@OV, TO GLYKEKPIUEVO EPYOAEI0 KOOIOTA O OMOTEAECUATIKY TNV
TPOGPRAGIULOTNTO KOl TNV ORTIKT EEETOOT TOV OESOUEV@V.

Keywords: Laser Scanning, Databases, Monument Documentation, Acropolis, 3D textured Models

further expanded across a network to allow multiple

users (Mallouchou-Tufano & Alexopoulos 2007). In
System for the 2008 another major upgrade was implemented
targeting the interface and the addition of data access
and query mechanisms. The application code base
was migrated from the obsolete Visual Basic 6 to the
Microsoft.Net framework and particularly in C#
allowing greater flexibility in terms of application
functionality and future enhancements.

Introduction

The Database Management
documentation of the restoration interventions of the
Acropolis of Athens has been in use since the early
1990’s. It was initiated in 1987, when the restoration
of the Erechtheion was completed, and since then, it
has expanded to cover all restoration interventions.
During this time, the system has gone through three
major upgrades and many more minor improvement
The architecture of the database has been centred on

episodes in order to adapt to the growing
documentation requirements (Fig. 1).

Data computerisation was initiated in 1987, using the
Sigmini software, a unix-based information retrieval
system which employed a ranked attribute data
structure (Mallouchou-Tufano 1993). Through this
system around 6000 documents were catalogued
concerning the Erechtheion restoration. By the mid-
1990s an upgrade into a Windows-based SQL
relational database was realised. Its architecture was

the archive of the architectural partitioning of the
monuments (Alexopoulos 2010). The data structure
models the architecture of Ancient Greek articulated
buildings through the implementation of a
hierarchical partitioning of each monument from the
whole (e.g. Parthenon) to each individual building
block (e.g. column drum). This archive has been
connected to the repositories of the documentation
files (photographs, drawings, texts, videos)
containing the actual records and their metadata (for
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example, drawing type, photographer, date of
creation). All archives, receive attribute values and
data entry restrictions from controlled vocabulary
lists that can be further extended by the users.

The hierarchical monument division diagram has
been integrated within the system’s interface
allowing the user to navigate and access the
monument part of choice and examine the relevant
record. Each record contains information about the
identity of the monument part or building block
(description and specific position within the whole
monument). Available image, text and video data
that document restoration intervention events can be
selected and their respective records from the
relevant archives are displayed. Each record contains
basic metadata as well as tools that allow data
viewing and manipulation, such as zooming facilities
and image contrast and brightness adjusting, text
editing and video playing.

The application further contains data querying
mechanisms that allow simple and complex query
construction. Information from multiple fields can be
combined to limit the results. Returned results can be
further investigated or exported in a spreadsheet for
further processing.

The advantage of this type of data structure allows
the management and presentation of individual
architectural members or larger sections of each
monument together with their entire documentation
held in the database, including digital copies of the
original documentation files. In this respect, the
database comprises an information repository for
future generations much as a powerful tool for
monitoring and supporting the works, useful for both
engineers and conservators.

On account of the intensification of digital data
documentation processes in the last decade, database
content volume has grown at a geometric rate
currently containing approximately 132,000 records.
The photographic archive constitutes by far the
largest part of the database, including more than
110,000 records. Next follows the drawings archive
(11,000), while in the process of the restoration
works new entries are still created in the archive of
architectural members (10,900).

In the previous software upgrade, a prototype map
interface was designed to facilitate data access for
the Erechtheion. The 3D model of the Erectheion
was used to facilitate the selection of a desired view
of the monument, which subsequently returned the
drawn section of the selected view on a 2D GIS
background showing the codes of the architectural
parts as labels. By clicking on a specific architectural
piece the pertinent entry was returned. Simple
measurements could also be performed within this

environment (Fig. 1). This implementation was made
possible through the extension of the database
schema to include c. 30 geographical tables that
handled the linkage between the spatial data from
each section and the records in the application.

o T

L rdaB s @
Figure 1 Data access using a 2D GIS interface of the
previous version of the Documentation System

Overall, this implementation made minimal use of
the Erechtheion 3D model, complicated the database
structure, presented performance problems over
network and didn’t take advantage of the capacities
presented in a GIS, since the visualisation remained
on a two-dimensional level. As a consequence, the
results of complex queries covering the entire
monument could not be displayed simultaneously,
while the selection of individual architectural parts
meant that the user would previously select the
appropriate monument side.

Adaptation to the growing documentation
requirements meant that, apart from system
maintenance and upgrade, further ways to visually
convey information and enhance user-interaction
with the database records were necessary. In this
respect, in the context of the National Strategic
Reference Framework (NSRF) 2007-2013, an
upgrade project was launched. Alongside the use of
updated frameworks and design patterns (i.e. .Net
Framework (4.5), Entity Framework 6, Repository
and Unity of Work) to enhance system performance,
especially with respect to query and CRUD
(create/update/delete) mechanisms (see Greenfield &
Short 2003), activities towards the implementation of
a working 3D visualisation environment and the
simplification of the database structure were taken.

The scope of implementation of the 3D visualisation
environment aimed to provide the users with a
platform in which they could examine 3D models of
complex architectural features or an entire
monument, identify areas or individual architectural
blocks and be directed to the corresponding database
records. The possibility to visualise complex queries
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using the 3D model would enhance data
understanding, identify = areas  with  similar
characteristics, reveal new associations and locate
potential documentation mistakes.

1. Laser scanning products

Among different 3D modelling techniques, laser
scanning tends to become a standard procedure in
documenting highly demanding and complex objects.
The use of laser scanners allows the capture of
millions of points per second with high accuracy,
while certain scans sessions can reach up to several
billion of points (Wand et al. 2007).

Within the context of the project for the
‘Development of Geographical Information Systems
for the Acropolis of Athens’ funded by the
Operational Programme ‘Information Society’,
which initiated the geometric documentation of the
Acropolis monuments, the entire Erechteion building
was scanned at a resolution of Smm for both exterior
and interior areas of the monument or even higher
(less than 1 mm in areas with sculptured decoration
and greater archaeological interest, i.e. the
Caryatids), resulting in a textured triangulated
surface model made up of 350 million polygons
(Grammatikopoulos 2010).

Its availability apart from a documentation product in
each own right, presented us with the opportunity to
explore data re-use in the extension of the database
application. However, the integration of such a
model within the visualisation environment requires
advanced 3D modelling tools that enable the efficient
segmentation and annotation of complex geometrical
features.

Work in this line of research is growing over the last
decade resulting to different methodologies that are
gradually being implemented in various software
tools. In the field of digital cultural heritage a
number of studies gave particular emphasis to the
segmentation and semantic classification of 3D
models (Manferdini et al. 2008, Manferdini &
Remondino 2011). A major issue is related to
automated or semi-automated procedures for
segmenting a model. Although a number of
algorithms and editing methodologies have been
developed (Shamir 2008) the geometric complexity
of detailed and dense meshes, of the type usually
produced within cultural heritage, generally requires
manual intervention (Manferdini & Remondino
2010, 116).

At present, a number of open source (e.g. MeshLab,
Blender) and commercial software packages offer
procedures for the manipulation of point clouds,
triangulation, vector editing, texturing and
annotation. In order to be used in conjunction with a
database they require considerable customisations
outside of the programmatic scope of the frameworks
in use, creating a limited and unreliable solution in
relation to business logic, interface, user experience.

In our case, the necessity to create direct links
between segmented model parts and the hierarchical
data structure outlined above required the
development of a customised 3D editing and viewing
environment within the existing DBMS application.

2. 3D visualisation and editing tool

The adopted solution is based on the incorporation of
Eyeshot devDept 3D CAD components within the
application’s NET framework, further
complemented with custom routines to fit the needs
for editing and annotating 3D model segments in
order to associate them with the database records.
The implementation is based on a 64-bit architecture
for efficient rendering and manipulation of large size
3D models. To guarantee interoperability and
minimise potential complexity at an operational
level, supported 3D models are based on open
geometry definition file formats, such as .OBJ
(McHenry & Bajcsy 2008).

The application allows the incorporation of entire
models or different individual subsets to overcome
rendering problems stemming from very large
volume files. After the insertion of a model or a
subset into the platform, the user can proceed to its
division into meaningful segments that follow the
architectural division of a monument and associate
those segments with their corresponding data
records. On-screen selection of a monument part
results in the marking of the corresponding set of the
underlying vertexes, which can be further extended
or limited to include the entire desirable area (Fig. 2).
The selection vertices are being translated to a
custom programmatic class and then transformed
into a binary serialised object, which can later be
retrieved and displayed on top of the textured model.
These objects can also be associated with the
corresponding database records (Fig. 3). This
approach was considered necessary due to the fact
that most 3D file formats do not have a layer oriented
structure.
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Figure 2 Selecting the area of an architectural feature (Caryatid) from the polygon mesh.
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Figure 3 View of the binary serialised object created.
The platform used does not support multi-resolution tackle performance issues over network delivery of
data (LOD), which could be an efficient way to the models. Although the developed application
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workflow is 3D model resolution agnostic, computer
hardware limitations urged for a simplified model of
the entire Erectheion counting 5 million polygons.
This model was annotated and is capable of running
seamlessly in any computer with minimum RAM
requirement 8GB.

Storage and management of all geometrical objects
(textured base models and marked-up segments) are
handled by the file system rather than by the
database, through their deposition in a shared file
repository. In order to overcome potential network
speed limitations, the models should be locally
present at the client as well; therefore, a simple file
transfer mechanism was developed, allowing users to
sync the entire repository, or copy individual models
on demand.

3. Application Workflow

The user launches the 3D visualisation environment
and selects one of the following tasks or workflows:

e Importing a new mesh model,;
e Creating a mesh model from a point cloud;

e Viewing and manipulating meshes from objects
not related with a particular monument

e Selecting, annotating parts of an existing model
of a monument and associating it with database
records;

ppa Avahuang My

e Viewing and examining annotated segments in
combination with their respective data records.

The application supports all the above workflows
through different modules for editing, relating and
viewing a 3D model. An entire 3D model of a
monument or a selected subset can be visualised in
three modes; as a textured polygon mesh, as a
triangular mesh, or as a 2D rendering.

The editing module includes tools for importing a
point cloud, performing its triangulation, facilitating
simplification processes, such as smoothing or
triangle reduction and adding texture through the
projection of images onto selected group of triangles.
A model can be deleted or re-imported into the 3D
editor for further adjustments.

The associating module allows the user to select and
deselect areas of interest, extract them from the full
model, enter attribute data and export them to the
database as individual serialised binary files. This
procedure can be repeated to the remaining structure
until the whole model is broken into meaningful
entities, associated to the corresponding records and
appropriately attributed (Fig. 4).
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Figure 4 Associating mesh segment with database record.
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Finally, the viewing module supports the documentation items on an adjunct tab.
examination of the entire model or smaller Alternatively, the available results of simple or
aggregates that correspond to the hierarchical complex queries regarding the preservation state and
monument division of each monument. Navigation the restoration interventions can be visualised and
tools can be used to rotate the model, zoom into colour-highlighted on the model (e.g. depict all
specific areas, select individual architectural restored architectural members containing titanium
members, and be directed to the corresponding joints) (Fig. 5).

database record that contains all related
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Figure 5 Selection of architectural members containing oxidised joints on the 3D model the Erectheion. The
selected record from the result list is highlighted and labeled.

4. Data structure improvements managed using look up tables. This solution greatly

enhanced the original database structure, which
The implementation of the 3D model viewer and required the addition of numerous tables and
editor led also to the replacement of the spatial relations to the database schema for every new

tables, supporting the previous 2D GIS solution, with artefact type (Fig. 6).
application specific processes that govern the

association and retrieval of the 3D geometry. As a It has also allowed the standardisation of
result, the data schema was greatly reduced and documentation data, since the fields contained in
simplified. parent table of this inheritance schema are
compatible with Dublin Core metadata schema. This
To further enhance the functionality of the way next to the photographic, textual and drawing
visualisation environment and existing data accessing documentation, video footage and CAD files were
mechanisms, further modifications at the database added, expanding the set of records that the database
level have allowed the simplification of the relational manages for each architectural division. These
structure. More specifically, different document documents inherit the same basic features allowing
types (images, drawings, text and video) were their simultaneous retrieval in query composition.

integrated into a subtyped entity, whose attributes are
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Such  denormalised  configuration  simplified
development resulting to faster query operations and
enhanced user experience (Sanders & Shin 2001).
The resulting implementation benefits not only the
database performance, but also the link between the
3D texture models and the document types. This is
especially true when using the 3D model to depict
the results of simple or complex queries (e.g. depict
all architectural members containing surface decay
record drawings). Finally, it greatly enhances mass
reporting and data exporting while it increases the
degree of interoperability with third party systems
and databases.

Figure 6 Documentation artefact parent table and
subtyped tables for each document type.

Conclusions

To conclude, improvements in both the data structure
and the user-interface of the database system of the
Acropolis Restoration Service have been a key factor
to its durability over a period of 25 years. In this last
upgrade, the combination of data structure
enhancements and 3D visualisation facilities is
expected to improve data accessibility and visual
data examination.

In this sense, our experience maintains that the long-
term efficiency of cultural heritage applications
requires constant monitoring and assessment of user
needs that are employed in regular incremental
updates. This procedure is far better than costly
major re-structures, which ran the danger of
entangling end-user habits.

This strategy can make use of available data in novel
usages providing opportunities for data re-use. Last
but not least, a balance should be maintained
between extending application functionality and
maintaining data simplicity.

The final product will go through a user-evaluation
period for detecting potential improvements, which
will be used to inform the implementation of the next
module extension. This extension targets the
incorporation of the Athena Nike temple 3D model,
which is the next restoration project that is already
concluded and scheduled for survey.
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Hepilnyn/ Abstract

H evvololoyw anetkdvion g TAnpo@opiag emitpénet T PEATIOUEVT ONTIKOTOINGT Kot TOV XEPIOUO HeYEAOL
Oykov mANpoPopldY. Idaitepa 6TV YNELOTOINGN NG TOATIOTIKNG KANPOVOLLAG Kot OTav 0 oTd)0og givar M
TAPOVGiooT TEPICCOTEPMOV TOV EVOG LVNLEIDY, 1| aaipgoT TAnpogopiag amoteAdel Ty d1E&odo. H mpotevopevn
EQAPLOYN EYEL WG OTOYO VA TOPOVCIAcEL To Pacikd apyatorloykd pvnueio g Kpnmge kot mv e&EMEN Tovg
GTOV YPOVO, Héoa amd &va evvololoyikd Tpladidotato poviéro. H teyvikn epapuoyn Paciletoar ot yAdcoo
WebGL, emitpénovrog otov ypfiotn va mhonynOel avapecso ota facikd pvnueio Kot vo to Tpoceyyicel 6Tad1oKd
Kot SLodPUoTIKG, LECH SLUPOPETIKMOV EMMES®V AETTOUEPELNG. ZVYXPOV®G, 1| dLVATOTNTA HETAPAONG LETAED EMTA
LOTOPIK®V TTEPLOOMV TPOCOEPEL TV GLYKPLTIKY HEAETN TNG EEMENG TV pvnueiov oto xpoévo. H evvororoyum
OTEWCOVION KOt 1 apaipecn TANpo@opiag Héca amnd SopopOTOMUEVO ETMIMESD AEMTOUEPELNS EMTPEMEL OTNV
€QAPLOYN VA evar SLOEGIUT GE OTOLOVONTOTE XPNOTH TOL SLUSIKTVOV, KOOMS Vol VTOAOYIOTIKA «EANPPLA» KoL
€0KOAN ot1 ¥pnon.

Conceptualisation of information allows improved visualisation and manipulation of large amounts of data.
Especially in digitisation of cultural heritage and when aiming at presenting more than one monuments,
abstraction of information becomes the key solution. Our proposed application aims to present the main
archaeological monuments of Crete through a conceptual 3D model and their evolution through time. The
technical implementation is based on WebGL allowing the user to navigate among the main monuments and
approach them gradually and interactively through different levels of detail. Furthermore, the ability to switch
between the seven historical periods offers a comparative study of their evolution in time. Conceptualisation and
abstraction of information through varied levels of detail allows the application to be available to anyone on the
web, being computationally light and easy to use.

Keywords: Cultural heritage; conceptual modelling; visualisation; abstraction; 3D

Introduction Crete is the largest island of Greece, famous for its
rich cultural history dating back to the Middle

Our goal is to design an online platform open to the Paleolithic age, 128,000 BCE. Standing out as the

public for the promotion of the cultural heritage of
Crete, through a simple, user-friendly intuitive
environment. Our prime challenge has been how to
manage such a large amount of information over the
internet, in a transparent, light and simple way for the
end user, in addition to offering the ability to
compare the monuments’ and cultural regions form
and structure, during the main historical periods in
Crete’s history. The idea is simple: instead of
presenting information to its full extend available up
front, we break it into nodes, levels of abstraction,
called ‘Levels of Detail’, providing the minimum
information needed at each given time. Information
is stored on each object, each monument, along with
its different Levels of Detail consisting of: Crete;
Prefecture; Region; Complex; Monument.

most emblematic phase of the island's multi-layered
contribution to global and national history, is,
undoubtedly the era of the Minoan civilisation
(2,700-1,420 BCE). Still, a large number of
monuments have been documented throughout the
different historical periods, the most important of
which are the following seven: Minoan; Classical &
Hellenistic; Roman; Byzantine; Venetian; Ottoman;
Modern.

Crete being one of the places where most of the
cultures which have developed in the Mediterranean
have interfered, it is crucial to provide the public
with the possibility to produce personal multiple
cultural representations and interpretations of the
island’s  polyvalent cultural, historical and
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geographical scape. It is not intended to promote a
strictly architecture-based limited image of Crete’s
past, but a dynamic understanding of its hybrid
cultural identity. In that sense, the points of reference
are not strictly based on a ‘high culture’ agenda;
apart from traces of an ‘official’ historical past, such
as the Minoan Palaces and the Byzantine
Monasteries of the island, local networks of
vernacular settlements and places invested with local
myths, legends and events are also to be included. In
that sense, addressing history of architecture as part
of culture and not just as a catalogue of important
buildings per se, it is aimed to unfold the ways in
which architecture has been developing in Crete as a
witness of the inherent cultural dynamics of change
and adaptivity as well as tradition and continuity.
Sites symbolising the unity of local culture as well as
contested places indexing the dialectics of local and
regional conflicts form an equal part of our localised
references. This is the way to turn all this
information into something engaging with the
interests of the contemporary cultural traveller.

1. Concept of the Cultural Platform

The targeted users for this application are mainly
tourists with a varied degree of general interest in
history, architecture and archaeology. This
application helps them plan their visits to monuments
and provides them with extra information about how
these historical sites have evolved through time. It is
a helpful and useful tool that can be easily used by a
basic internet user.

Most 3D reconstructions of cultural monuments have
focused on the photorealistic depiction of these
monuments (Ragia et al. 2014). The schematic
visualisations adopted in this paper, present the
monument with only its essential features without
descriptive details (Sifniotis et al. 2006). In this way,
the user is provided with the necessary information
in order to perceive a complete picture of the
monument.

Herein, the challenge is to present a well structured
as well as open in its possible readings array of
diagrammatic information operating more as the
matrix for direct as well as less straightforward
meanings on behalf of the user (Parthenios et al.
2012). The sheer concept of the diagram stands at the
core of the platform’s innovative concept.
Knowledge acquisition and interactivity are not
necessarily supported and enhanced by an already
‘stable’ and closed in its interpretation pseudo-
realistic rendering. On the contrary, the diagram, in
its abstraction as well as open-ended character
functions as an initiator of possibilities and
potentialities. Added to that, this is indeed the best
way to optimise the available storage and processing

technologies with the bulk of 3D information so that
the cultural platform provided operates effectively on
the Internet.

The 3D diagrammatic visualisation depicts the
monument without falling short of information,
eliminating unnecessary details that can be
acknowledged in the near future once the user visits
the monument (Gonzalez-Perez & Parcero-Oubina
2011). Therefore, accurate textures for each
monument have been avoided and replaced with
generic, abstract, textures — which in addition allow
for radical shrinkage of the model’s total size. After
all, the platform does not seek to replace physical
reality and the need to engage with it. What is being
sought after is no more than an enlarged synergy
between the physical and the virtual for the sake of
the visitor.

The grouping of monuments is initially based on
their geographic location. Each pin represents a
monument or a group of monuments that are
geographically close. The user, depending on the
monument s’he wants to visit, focuses on a region
(pin), in which s/he is informed about that monument
or about neighbouring monuments for which s/he
was not informed. The user may observe the 3D
visualisation of the monument in a specific time
period, as well as its evolution in time, up to the
contemporary period. In this way, s/he is informed
about the form of the monument in earlier historical
periods as well as about its potential proximity to
other important monuments of the same period or
other.

At this stage, the monuments that are being presented
are the following:
= Kydonia (Chania): Minoan period
= Aptera (Chania): Hellenistic, Roman,
Venetian, Ottoman and Modern period
= Yali Camisi (Chania): Ottoman and Modern
period
= Venizelos’ Residence (Chania): Modern
period
= Agora (Chania): Modern period
=  Arkadi Monastery (Rethymno): Byzantine,
Venetian period
= FEtia Villa (Lassithi): Venetian period.

The classification of monuments is based on their
geographic location. Crete is divided into four areas
(corresponding to the administrative sub-peripheries/
‘prefectures’) while and each one is subdivided into a
concrete number of municipalities. Each monument
is geographically located in a single municipal unit.
Each pin represents a monument or a group of
monuments that belong to the same municipal unit
and are geographically close.
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Figure 1 Clustering of monuments (based on location and historical period).

There are five (5) levels of detail as follows:
1. Crete, divided into four prefectures (Fig. 3)

2. The Prefecture: in this level each prefecture is
depicted along with the pins of the monuments. The
orange colour represents the pins in the time period
selected from the horizontal axis of historical
periods, while pins in red transparent colour
represent monuments from earlier historical periods,
which have not suffered any change or addition in
the running historical period (Fig. 4).

3. The Region: a part of the municipal unit appears
with the monuments of each historical period while
the monuments of earlier periods, are depicted with
transparency (Fig. 5).

4. The Complex: this level presents the cluster of
monuments along with the monuments separately,
depending on the historical period that we select
from the horizontal (Fig. 6).

5. The Monument in more detail (Fig. 7).

It is essential to also note that, independently from
each monument and its specific characteristics, what
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prevails is a common ‘language’ of representation
that runs through the application. In particular, in the
level of the Region, the monument that we are each
time interested in is presented on a part of the map of
the respective municipal unit, along with
neighbouring monuments, thus allowing the user to
grasp its context both in terms of the other
monuments in proximity and of the surrounding
urban fabric. The diagrammatic view allows the user
to ‘supplement’ with his own eyes what is visually
there based on historical information and the visitor’s
own interests and past experience.

2. Technology
2.a WebGL

The technology utilised for the implementation of the
cultural platform presented in this paper is WebGL.
WebGL is a cross-platform, royalty-free web
standard for a low-level 3D graphics API based on
OpenGL ES 2.0, exposed through the HTMLS5
Canvas element as Document Object Model
interfaces. WebGL is a shader-based API using
GLSL (OpenGL Shading Language). GLSL is a
high-level shading language based on the syntax of
the C programming language employing constructs
that are semantically similar to those of the
underlying OpenGL ES 2.0 API, adapted for
JavaScript. Notably, WebGL brings plugin-free 3D
to the web, implemented directed into the browser.
Today, WebGL runs in desktop and non-IOS web-
browsers such as Mozilla Firefox, Google Chrome,
Safari, Opera and the latest version of Internet
Explorer. WebGL was selected as the main 3D
programming framework for our application mainly
because applications are loaded directly to the
browser without the need of a plug-in.

Three.js is a cross-browser JavaScript library used to
create and display animated 3D computer graphics
on a Web browser. Three.js scripts may be used in
conjunction with the HTMLS5 canvas element at a
higher-level than WebGL. The advantages of using
the Three.js framework instead of native (or raw)
WebGL is that the Three.js library has a lot of
constructors ready for use and long WebGL code
could be replaced by a few lines of code when
Three.js is employed. Moreover, the Three.js
platform provides model loaders necessary for the
display of the 3D models of the monuments.

2.b 3D Models

The 3D models of the monuments are developed in
Google Sketchup and exported as Collada files (.dae)
as required by the Three.js platform. It is important
that the 3D models consist of a small number of
polygons as they are being downloaded by users

through the Internet in real time. For this reason, the
3D models are modelled in an abstract form without,
though, losing the appropriate mesh detail that makes
them recognizable and unique. It is also significant
that the system is scalable to accommodate a
growing number of monuments as well as different
parts of Greece or any other country; therefore,
intelligent data manipulation so as to reassure easy
and fast on-line access is paramount.

2.b Implementation

We have developed an application for 3D interactive
presentation of cultural monuments of Crete (Fig. 2-
7). The platform implemented in WebGL visualises
each cultural monument in five spatial levels of
detail representing initially Crete as a whole, then by
prefecture, region, complex of monuments and
finally focusing on the actual monument.
Simultaneously, each level of detail is visualised in
seven 7 different time periods. For the first time, the
user is able to virtually visit Crete across regions and
time. The user interface consists of two bars, one
vertical and one horizontal representing the level of
detail and the time periods respectively (Fig. 2). The
user could click on the desired level of detail and
historical period in order to view in 3D the
appropriate representation by simple interaction with
the mouse. They could also navigate inside the 3D
models by performing simple mouse events
interactively. The canvas of the application is as
large as the browser window. The viewpoint set
when each 3D monument or region is initially loaded
is specified as the optimal rendering view for the
user. The user could zoom-in/out using the scroll
wheel of the mouse, or move the position of the
camera by drag and drop in order to visualise the 3D
model from a different point of view. The 3D models
are intended to be clickable adding historical
information and further images as the site is being
developed.

Appropriate lighting of the 3D scenes significantly
enhances the perceived sense of photorealism and
presence. After experimenting with various lighting
configurations, we set the parameters of the
directional lights provided by the Three.js platform,
setting their intensity and position in order to achieve
the most aesthetically pleasing result.

The shadows are casted by the models as well as the
models receiving shadows. In order for shadowing to
be implemented, the models are defined as a complex
set of surfaces through the code. Therefore, specified
surfaces are able to cast shadows and others receive
shadows, all belonging to the same model.

In order to keep the web site simple for non-expert
users, we use the Three.js’s sprite which stores in an
array the position of the mouse. The position of the
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mouse as well as the projection of the models on
canvas could be combined with an appearing label
offering information about each model.

Figure 2 User Interface of the platform, horizontal
axis representing historical periods, vertical
representing level of detail.

Figure 3 Crete in Modern period.

We setup a database for the models and their
associated information using Ajax technologies
enabling the asynchronous loading of suitable 3D
models without reloading the page. Ajax is a group
of interrelated Web development techniques used on
the client-side to create asynchronous Web
applications.

Period.

27 S < €L
Figure 6 Rethymno old town: Complex in Modern
Period.

Figure 7 Rethymno old town: Monument (Pirovolio)
in Venetian Period.

Such technologies are necessary because of the sheer
size of the 3D models which require optimized
loading so that users do not quit the application. Ajax
supports the loading of the application without
unaccepted latency.

2.d User Interface

The user interface was kept simple and easy to be
operated by the user. The most important element of
the application is the 3D canvas where the 3D
models are being visualised (Fig. 2).

At first we constructed a paper prototype of the
interface of our application which helped us to
understand the flow between screens and user
interactions. A paper prototype enables the
visualisation of the user interface based on the
successful succession of screens. It showcases which
interface elements are more important to put
emphasis on and how intuitive it is for our typical
user, for instance, a tourist.

The paper prototype was shown to a small set of
people, mainly the developers and the researchers in
the project. The main web page of the application
was designed based on the observations related to the
paper prototype so as to avoid elements of the user
interface that were not completely understood as well
as adding elements that were missing. The user
interface consists of two main axes; a horizontal
which is the time axis and a vertical which is the
spatial axis. The time axis is composed by seven
buttons that corresponds to seven main historical
periods. The spatial axis consists of five buttons,
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each one of them corresponding to different spatial
levels starting from the most general to the most
detailed one.

The design of the buttons is simple and abstract. The
colours of the clickable buttons were selected for
their contrast with the background which is dark
grey. The most important elements of this interface
are the two axes, therefore, no other elements were
added in order for the design to be clean and simple.
For the same reason, we placed the buttons over the
3D canvas that led to a problem. The letters of the
buttons in full zoom-in mode while interacting with a
3D model were not readable, so we placed a semi-
transparent box behind the letters of the two axes to
enhance their readability. At every level of the spatial
and time axis a help button is found. By pressing it
the user can locate information and a search bar for
easy and quick information access.

When the user selects the last level of detail of the
spatial axis visualising an interactive monument, a
menu is appearing offering certain options. At the
right side of the screen a double arrow appears and
when the user slides it, a slide menu is available
including monument information. The user can select
photos, videos, historical and general information
associated to each monument etc. The user’s choice
is being displayed on a pop-up window which is
viewed over the 3D canvas and by interacting with
the arrows at both sides photos or videos can be
viewed. The idea behind user interface decisions was
to build an interface that is comfortable to use, also
through touch screen devices.

Conclusions

We have developed a web-based interactive platform
for the 3D visualisation of cultural monuments in
Crete across regions and historical periods. The
platform offers a comprehensive view of the wealth
of Crete’s cultural heritage and its evolution in time.
The first phase of the platform will be online and
fully functional in November 2014. In the future, the
platform may incorporate social media characteristics
so as to be more appealing to young people. For
example, users could be offered the possibility to
leave comments, rate monuments, keep track of
monuments visited and also provide
recommendations to the users based on their previous
ratings.

3D modelling of monuments were mainly based on
historical texts, sketches and drawings. Further
development of our modelling approach would be to
import primary and secondary = monument
information from different sources. Primary data may
include measurements from field observations,
mainly survey. Secondary data may consist of
information that has already been processed or

imported in other datasets. Digital recording in
archaeology is widely used and photogrammetry is
one major acquisition technique. Data from aerial
and close range photogrammetry may also be
imported. The idea would be to enrich our prototype
with the integration of photogrammetric data, which
provide valuable information about the facades and
the location of the monuments.

An additional component of the system would be the
integration of our prototype with a Geographical
Information System (GIS). GIS is a powerful tool for
data storage, management, analysis and visualisation
and involves mathematical functions for further
analysis of archaeological data. GIS information
could be combined with location-based services so
that in future extensions, the application is aware of
the position of the user and automatically loads the
relevant information if, for instance, the user is near
or at the area of a cultural site.
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IHepilnyn/ Abstract

Ta Xvomjpata Awyeipong Iloltiotikng Kinpovopdsg mepthappdvoov cuvifog ) ye@ypapikn
avoeopd TV avtikelpévay e Bdon Asdopévov. H Apyaio Ayopd tng ABnvag arnotekel évav omd
TOVG CGNUAVTIKOTEPOVG APy otoAoykoDs Tomovg oty EALGda. Xt didpKelo TV aidvoOV TG 16ToPiag
NG KATOGKEVAGTIKAY Kol KATAGTPAPNKOV TOAAG Mvnueia. Zuvenmg, ival Katavontd mwog omoteAe
évav mepimhoko Kot Suovonto ApyotoAoyikd Xdpo, akOuUn Kot yuo e101KoVG PEAETNTEG. € QVTN TNV
dnpocievon mePtypAPETOL KOt OVAADETAL 1] AVATTTLEN EVOG GLOTILOTOS SLoEIPLONG TOV TOATIGTIKOV
amoBépotog ¢ Ayopds. To ovommua Pooiletor oto Aoywopwd ArcGIS, ypnowomotel wg
XOPTOYPAPIKO VIoPabdpo v mpdoeatn opbopwtoypapic TG TEPLOYNAS KOl YO TO GYEJWOHO TOL
emoedncav voyn ddpopeg moapapetpol. [ Ty avdmtuén Tov OVTIKEWEVOSTPUPOVS GUGTHLOTOG
mponyndnke o evvoloroywkdg oyedacpog g Bdong Asdopévev pe to Moviého Ovtotitov-
Yvoyeticewv (E-R Model). To poviého mov mpoékvye meptypdpetal kol o&loAoyeitar yio v
QOTEAEGUOTIKOTNTO TOV. Me TNV TEWPAUOTIKY] AEITOVPYiO. TOV GLOTNUATOC ovadeixOnKav opiopuéva
npoPfAuata, To omoio, TEPLYPAPOVTOL Kol KOTOSEIKVOETOL O TPOTOC OVTIUETORIONG Tovs. Téhog,
SLOTVTAOVOVTAL Ol PEALOVTIKEG TPOOTTIKEG Kol EVOEXOUEVES YPNOELG EVOC TETOLOL GLOTHLOTOG, OV
umopel vor givol EKTAdEVTIKEG, EMIOGTNUOVIKEG OAAG Kol Vo KOADTTOUV KOOMUEPIVEG OVAYKEG Yo TN
Swyxeipion tov [MoMrtictikdv Ayabdv.

Cultural Heritage Information Management Systems have been developed to include the geographic
reference of the items in the database. The Ancient Athenian Agora is one of the most significant
archaeological sites in Greece. During the centuries of its life many buildings were constructed and
destroyed. Hence it is easily understandable that this vast archaeological site is complicated and
difficult to understand even by experts. In this paper the development of a Cultural Heritage system is
described and analyzed. The system is based on the ArcGIS software, has as base geographic material a
recent orthophoto of the area and for its design several parameters were taken into account. The
notional design of the data base with the Entity-Relational (ER) model preceded the development of
this object oriented system. This ER model is described and evaluated for its operability. After the
initial experimental operation of the system, several practical problems were identified. They are also
presented together with the way they were confronted. Finally future prospects are being attempted and
eventual uses of such a system are proposed. They range from educational and scientific to even
covering every day needs for the Managements of Cultural Heritage objects.

Keywords: Information Management System, Cultural Heritage, Database, Ancient Athenian Agora

Introduction

The risk of degradation or even destruction of
the Monuments, due to environmental or
human factors, was recognized worldwide in
the 19th century and the realization of this
danger was the first step towards the protection
and management of Cultural Heritage. The
rapid progress of technological advances in
recent years has affected, among others, the
management process of Monuments. The
technological know-how combined with
advanced hardware and software, have
contributed decisively to the production of

alternative base material, but also to the
development of  procedures for the
documentation and management of Cultural
Heritage. At the same time the contemporary
mentality of interdisciplinary approach to this
very sensitive sector resulted to the awareness
of the potential users of these technologies and
their acceptance by an ever increasing number
of users.

Management of Cultural Heritage assets,
tangible or intangible, is a domain in which the
Information and Communication Technologies
(ICT) are being extensively implemented.
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Hence, the Cultural Heritage Information
Management Systems (CHIMS) have been
developed. These Systems usually include the
geographic reference of the items in the data
base, i.e. their exact location using Geographic
Information  Systems (GIS) technology.
Cultural Heritage Information Management
Systems are gradually gaining in popularity
and use among the specialists responsible for
the curation of the cultural heritage assets, i.e.
archaeologists, restorers, historians etc.
Consequently a number of such systems have
been already developed and are implemented
sometimes even via the web (Agapiou et al.
2008, Foote & Lynch 2011)

1. The Ancient Athenian Agora

The Ancient Athenian Agora is one of the
most significant archaeological sites in Greece.
It is located northwest of the Athens Acropolis
and it was for centuries the center of social,
political, cultural, administrative and cultural
activities of the city. The site includes some of
the most well preserved Monuments of the
country, such as the Temple of Hephaistos, the
Stoa of Attalos and the church of the Holy
Apostles. The changes of the structures and the
character of the area over the centuries are of
great importance. Many of the buildings were
demolished and new ones were constructed,
usually on the top of the older ones, often
using the remaining materials. It was also
common to change the shape, the position or
the use of the same building from one
historical period to another. All these facts
make the Athenian Agora site a difficult but, at
the same time, a very interesting case of study.

This paper describes the development of a
Cultural Heritage Information Management
System that was designed and implemented for
the management of the Monuments of the
Ancient Athenian Agora. The system has been
developed within the framework of the
compilation of a Diploma thesis (Hatzithoma
2014).

2. System Requirements

The main idea of the project was the design of
a system capable of documenting and
highlighting  the = Monuments of the
Archaeological Site of the Ancient Athenian
Agora in many ways. The design of the system
was developed according to the needs of the 1%
Ephorate of Prehistoric and Classical
Antiquities, who are in charge of the site. In
general, it is a system that enables the
visualization of the structure of the Agora over

time, through dynamic maps, and at the same
time it gathers and organizes temporal data that
are related to the monuments.

The essential requirements of the system
included an easy to operate computer
application, capable of storing and maintaining
the necessary data and related information,
while at the same time simple to use even by
non-experts. As for the technical details, the
system should be able to record, store and
present different types of data, spatial and non-
spatial and also combine those data in multiple
ways. Additionally it should organize and
present the data to thematic layers, enable the
georeferencing of spatial information and it
should also support raster base maps for the
depiction of the spatial data.

3. Design of the System

In order to fulfill the above requirements a
Geographic  Information System (GIS),
combined with an exterior Database, has been
selected for the implementation of the system.
GIS have proven to be very useful for Cultural
Heritage management. They may contribute
from the initial activities of archaeological
study to the organization and highlighting of
the monuments of an Archaeological Site.
What makes the GIS popular in Cultural
Heritage applications is the way they manage
the objects, based on their spatial attributes,
such as position, shape and dimension.
Georeferencing of the spatial data can be
combined with non-spatial information and
stored easily and quickly in a GIS system, so
that they can be used at any time in different
ways, depending on the application.
(Georgopoulos & Ioannidis 2008)

The centralized nature of the developed
database system provides several advantages,
such as greater data integrity and
independence, reduced data redundancy,
reduced wupdating errors and increased
consistency, reduced data entry, storage, and
retrieval costs. Thus, the improved data access
to users, through use of host and query
languages, and flexibility of the system are
ensured. Therefore it is able to contribute to
the geometric recording of any kind of
Monuments, from the simplest to the more
complex one (Hill et al. 2009).

The database design was achieved taking into
account many different factors, primarily
identifying the exact aim, which will be served
by the application. The result should be a tool
of knowledge, information and promotion of
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the Archaeological Site of the Ancient
Athenian Agora with a structure capable of
storing and combining spatial and descriptive
information regarding the Monuments. An
important task was to organize the information
in a way to point out the temporal changes in
the shape and the function of the Agora over
the centuries, so that the user can manage and
interact with the Monuments and the pertinent
information either temporally or locally, i.e.
for a particular point of interest in the
archaeological site. Moreover, the overall
design had to ensure the interaction of the
Database with a Geographic Information
System and the ability to organize and view
the geospatial data across layers. Therefore,
close cooperation with the future users, i.e. the
archaeologists responsible for the site at the
initial stages of the system design, led to
detailed identification of every possible
question, query and requirement a user may
have from the system. In addition, the data
managed by the system, their type and the
relationships developed among them were
determined.

4. Conceptual Modeling

The main objects of the DBMS are the
Monuments and the finds of every historical
period in the Agora. They were described by
their position, size and shape. All other data

include information describing the Monuments
and are associated with them according to the
era they refer to.

For the easier comprehension of the system,
the database is divided in two subsystems. The
first subsystem includes all the general
information for every monument, like date,
description, and administrative, historic and
architectural information, descriptions of
visitors, images, gravures, artistic drawings,
digitized photos, digital images, video and
three dimensional models (Fig. 1). As for the
entities of the second subsystem, they have
been selected and related in such a way to
represent the basic steps of the geometric
documentation of a Monument (Fig. 2). The
connection of these two parts is realized with
the “Geometric Documentation” relationship
and through the connection of the concepts and
procedures of geometric documentation with
its final products, like drawings and three
dimensional models.

After their definition the entities and their
attributes were properly related. At the end, 23
entities and 28 interrelationships were defined.
The representation of the conceptual model
was made with the following Entity
Relationship Model (E-R Model, Fig. 1).
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5. System Implementation

The system consists of two basic parts that
were implemented according to the design of
the database and are interacting: a Geographic
Information System (GIS) that includes the
non-spatial data designed on georeferenced
base-maps and an exterior database that
organizes the descriptive information.

The GIS project was created using the ESRI
ArcGIS® software. The system includes seven
raster base maps, georeferenced to the Greek
National Reference System, each of which
represents the Athenian Agora in a specific
historical period.

b4/ B ~E
Figure 3 The orthophotography of the
Athenian Agora in 2007 (Ktimatologio 2007).

On these base-maps the footprints of the
monuments that existed and could be projected
in each era were drawn, along with other
spatial data, like the main entrances of the site,
facilities like infrastructure for disabled
persons, washrooms and shops, the
surrounding road network and pathways of
moving around in the site (Figs. 3-5). The
spatial data describing each era are organized
in a different layer, so by projecting one layer
on the other and with the appropriate
background changes the evolution of the Agora
during the centuries becomes obvious. There
are also map tips, displaying the name of each
monument as well as hyperlinks to short
descriptions, when hovering with the mouse
over a feature of interest. (Johnson & Wilson
2003).

The system includes seven georeferenced base
maps, an orthoimage of the area of 2007
provided by Ktimatologio S.A. and six plans
from the guide The Athenian Agora Site Guide
(Mck Camp 1I 2010). In ArcGIS the
Monuments are spatial data with unique
position, shape and size, which change from

one era to another. The main idea was to depict
all the Monuments that existed or exist to date
in the Agora and at the same time show in
which age each one was created and if and
how it has evolved over the time. The
representation of the Monuments was achieved
by their design as polygons, lines or points on
the base maps. For each different era image the
Monuments have been designed and can be
projected in different layers.
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Figure 4 The state of the Agora in 300 BCE.
(Mck Camp 11 2010).
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Figure 5 The state of the Agora in 100 BCE.
(Mck Camp 11 2010).

All other pieces of information were organized
and stored in a geodatabase, in tabular form
along with their attributes and metadata. For
the easier update and management of the
database, suitable forms were created for each
table (Fig. 6). These forms contain some action
buttons for the most common commands of the
database.
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Figure 6 Blank form of the table for drawings
(Hatzithoma 2014).

The spatial data design of the system in
ArcGIS, was followed by the construction of
the Database that includes the descriptive
information for the Monuments. The tool was
selected for this purpose was a geographic
database that was created in ArcGIS and was
expanded and fully developed in MS Access
environment. The type of the Database is a
Personal Geodatabase, where all the data are
stored in MS Access tables and are available to
many users. It is a model that supports and
combines spatial and non-spatial data stored in
tables, in an object oriented environment,
where the entities are represented as objects
with properties while maintaining the integrity
of their geographic characteristics. In the .mdb
file of the geodatabase all the data considering
the spatial objects designed in ArcMap
application were imported. New tables were
also added, containing data for the descriptive
entities of the Database. Each entity of the ER

APXAIA ATOPA AOGHNQN

NAOE HPAIETOY []
BOMOE ATOPAIOY AIOX z
BOMOE OYPANIAZ AGPOAITHE

AIKAZ TIKOE MEPIBOANOL
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MHTPQO

AOL HOAIZTOY

MHTPQO \OF HEAITTOY-TYNTOMH NEPICPAGH docx

MPYTANIKO
OPOZ THE ATOPAE

Model is a unique table in MS Access, with the
same name. The tables were related according
to the initial notional design. The geodatabase
that was formed is a supportive tool of the GIS
for spatial design, but it can also be used
separately. The ArcGIS application and the
Microsoft Access database interact and are
properly connected, but they may be used
separately, according to the user’s needs.

A Java Application was also created for the
easier presentation of the data stored in the
database. The application is executed using
Mozilla Firefox. The application is based on
SQL queries that were carefully formulated in
order to select and export the descriptive
information of the database along with their
relationships, in XML files. These files were
used in a Java script code, which is executed
using Mozilla Firefox and contributes to a
simple, organized presentation of the data
(Figs. 7 and 8). The Access Database includes
a variety of information for the Monuments of
the Ancient Athenian Agora that is stored in
tabular form. For their presentation the Java
application was created. The first step was the
formation of queries in MS Access and the
export of the results of their execution to XML
files. The queries were built using SQL
language. They were formed in order to select
the appropriate files from the Database, along
with some of their descriptive information and
at the same time to maintain the relationships
between them and with the polygons of
ArcGIS. The Java script was structured based
on these XML files.
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Figure 7 Screenshots of the presentation of the information for the Temple of Hephaistos (Hatzithoma

2014).
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Figure 8 Screenshots of the presentation of the information for the Temple of Hephaistos (Hatzithoma

2014).

Conclusions

The Cultural Heritage Management System-
Implementation to the Ancient Athenian Agora
is an attempt for collecting and combining data
for the Monuments of the site in a DBMS
managed by a GIS. The main goal is for this
system to evolve to a useful tool of
organization and retrieval of different types of
data. So far the system contains information
only for three of the monuments of the Agora,
but in the future it should be completed and
updated. The information stored in the
database may be used by a non-specialist and
provide general information. At the same time,
the metric data that are organized in the second
subsystem can be wused in specialized
applications. The system is managed by
various authorized users. With slight changes it
can be easily adapted and expanded for many
applications, like educational purposes,
information of the visitors of the site or more
specialized applications, by architects or
engineers.
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INTEGRATING ENVIRONMENTAL AND ARCHAEOLOGICAL DATA FOR
RESEARCH AND ARCHAEOLOGICAL HERITAGE MANAGEMENT PURPOSES.
A GIS-BASED GEO-ARCHAEOLOGICAL ARCHIVE FOR URBAN CONTEXTS
WITH COMPLEX STRATIFICATION

E. FARINETTI

Aristotle University of Thessaloniki

Hepidnyn/ Abstract

Ot avBpodmiveg dpacelg eyypaeovtal 6To Tomio. AlapopeTikd €idn dpactnplotitov Aaupdvouv ydpo ce pia
TEPLOYN 0TI SLAPKELX TOL YPOVOV, LLE SIAPOPETIKY EMIMEDA GYEOTG KL e pio G€ IKPOTEPO 1 peYoAvTEPO Pabpd
woyvpn obvdeon pe ta TEPPOAAOVIIKE YOPOKTNPIOTIKA TOL TOTiov. AVT 1 oueidpoun oyéon mpéner va
eetootel pPECO HOG KPUTIKNG KATAYPOONG KOL TOPOVGIOOTG TNG OPYOOAOYIKNG HOpTLPlOG Kol TV
TEPIPOALOVIIKDV YOPOUKTNPIOTIKOV OTO TAOIGIO H0G CTPOUATOYPAQias. TNV avokoivoorn mapovcstdaloviol
OeopnTikég kot peBodoAoyIKES apyég Yo TN OMpovpyio. LG OAOKANPOUEVIG OVAALONG TOV EVOMUOTMOVEL
SLPOPETIKA GTOLYELN KOl AMOGKOTEL GE Ll SUVALKT] AVOTOPAGTAGT TOV aVOPOTOYEVMOV KOl PUGIKOV GTOLYEI®MV
TOV TOTIOV KoL TNG daTHPNONG TovG. Q¢ mapdderypa mapovoldletal éva yneakd apyelo xopikov dedopévmv
OV GTOYEVEL GTNV KOTUYPOQT, OLOYEIPION Kl OVAAVGT YE@UPYOULOAOYIKAOV SEOOUEVMY, EVOMUUTMOUEVO OE EVa
ocvomua I'eoypapikdv Zvotuatov [Inpogopiov (GIS) pe epappoyn otnv noéin g Podungs.

Human activities occur in the landscape. Different kinds of activities can take place in a single place over time
with varying levels of association and in lesser or greater correlation with the environmental features in that
landscape. This interrelation needs to be examined through a consistent and critical recording and mapping of
archaeological evidence and environmental records, stratigraphically interpreted. In this paper, theoretical and
methodological guidelines will be outlined for the performing of integrated analyses aiming at a dynamic
reconstruction of the human and natural history of landscapes and their preservation. A digital spatial archive
dedicated to the recording, management and analysis of geo-archaeological data integrated with a GIS system
that was implemented for the city of Rome will be presented as an example.

Keywords: Man-environment interaction, geoarchaeology, GIS, cityscape.

Introduction

Different kinds of human activities can occur in a
single place over time with varying levels of
association and in lesser or greater correlation with
the environmental features in that landscape.

In order to determine and evaluate the diverse
activity areas detected in a portion of the landscape,
it is crucial to consider both the presence and absence
of remains and traces of human activities there. In
order to do so, the creation of an integrated and
interdisciplinary digital environment is needed, with
a two-fold goal: as a research tool, for a dynamic and
long-term reconstruction of ancient landscapes; and
as an administrative tool, for archaeological and
landscape  heritage  management. Such an
environment, GIS-based, would constitute a
dedicated tool which aims at the management of
archaeological landscape data that is useful for both
scientific and administrative purposes.

In attempting to detect, interpret and analyse human
choices in the past history of a territory, we can

define activity areas, which are often named ‘task-
areas’ or ‘activity-areas’ in literature and are both
linked to environmental and cultural factors
(production area, habitation/dwelling area, market
area, etc.) (Kuna 1991, Venclova 1995).

By analysing each piece of evidence, or unit of
archaeological evidence, in terms of environmental
context and cultural/historical landscape, we can
proceed to a progressive logico-spatial process of the
known evidence, at different levels. A GIS system,
with its analytical and relational logic, helps define
these ‘objects’ through the graphical representation
of polygons (or groups of polygons) associated to a
specific function and a specific information content.
Those polygons are created by ‘deconstructing’ the
available archaeological record, through a ‘source
critique’ operation, or rather a metadata attribution.
This should be done in terms of an evaluation of the
quality of the information, as well as of data
management, for instance with a determination of
typology or the indication of the modality of
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discovery. The record is consequently reconstructed
in terms of units of social activity, extracting the
meaning of each individual component in order to
better evaluate the large and often incoherent (i.e.,
acquired in various manners and different times)
quantity and variety of available archaeological data
(Van Leusen 2002, Farinetti 2011a), (Fig.1).

Sites
from bibliography '

SOURCE-CRITIQUE

DEconstruction

e

Archaeological evidence

Units of archacological evidence

atioN process
) gereg k REconstruction

INTERPRETATION

Figure 1 Model of deconstruction and reassessment
of the archaeological record (Farinetti 2011a).

In this paper, I will focus on the first part of the
diagram, which concerns the meaningful pre-
processing and GIS recording of the archaeological
data sets, since the reconstruction and interpretation
of data constitutes a further step that requires more
precise historical questions and which, in my
opinion, needs to be applied differently in distinct
geographical areas and contexts.

1. Methodology

As seen earlier, the work is theoretically based on the
assumption that landscape is a dynamic interaction of
anthropogenic and environmental factors
continuously changing over time, a constantly
morphing product of nature meeting culture (Tilley
1994, Gosden 1999, Ingold 2000). In this respect, the
absence of archaeological remains in a location is not
to be considered emptiness, but rather a presence of
different landscape features, often a product of
environmental processes, strictly linked, related and
spaced out with the moments and processes of
human history. As mentioned, this assumption can be
considered valid both for research and for the
protection and management of archaeological
heritage, especially in an urban and suburban context
with complex stratification and a high density of
invasive research. As for the latter, the absence of
archaeological/cultural evidence cannot be seen
simply as an information gap, but rather a presence
of environmental features and processes that bias or
affect the visibility of archaeological record or
possibly even explain its absence. This kind of
information, if correctly registered, would allow for a
consistent picture to be reconstructed, perhaps the

most complete picture possible, of the archacological
potential of a specific area. Furthermore, it would
enable archaeological services to intervene at diverse
levels, with the ultimate goal of protecting and
safeguarding archaeological heritage (Fig.2).

Twofoldrole of mapping the
‘archaeological ABSENCE’

| I

as a crucial issue for urban ‘ as information to be analysed

planning and heritage during the process of
management interpretation and reconstruction
of historical landscapes
+
higher analytical capability
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reconstruction of landscape
history

]
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historical landscapes
PERIOD BY PERIOD MAPS

higher capability to plan
and give feedbacksin real time

It helps the urban and sub-urban
planning
MAPPING AND RECORDING OF
INVESTIGATED AREAS
AND UNITSOF ARCHAEOLOGICAL EVIDENCE

Figure 2 The twofold role of the ‘absence’ of
archaeological record.

In this framework, focus should be given to the
complex and dynamic interaction between natural
and anthropogenic processes. By analysing the
various aspects and moments of that interaction
(who/what influences whom/what; who informs
what/whom; how the interaction takes place), the
potential meaning of the archaeological evidence (or
groups of archaeological features) can be inferred.
The degree of representativeness can consequently
be determined with the help of a critical evaluation of
the available archaeological record, in terms of
people’s past choices in the landscape that the
evidence represents.

For instance, if we were to focus on the area of
Rome, an example can be offered by the
abandonment of buildings or entire areas due to
various flooding events of the Tiber river, whose
deposits, when not cleaned up, formed a layer of
natural origin stratigraphically rooted in the human
history of that particular area. A further example
could be the tufo plateaus, which mark the
countryside around Rome. They were originally
created by the eroding action of the Quaternary
streams on volcanic soils and were modelled in the
long term by agricultural activities. The modern
landscape is now characterised by cultivated naked
plateaus and steep slopes left (on purpose!) with wild
vegetation in order to avoid further erosion (Fig.3).

Moreover, by paying attention to the co-presence of
signs of natural processes that were spaced out with
human actions, we can better understand how many
‘natural’ features were influenced by human
activities. For instance, we could refer to the
reconstruction and mapping of the final course of the
Almone stream, a tributary of the Tiber River that
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was canalised in Roman Imperial times in order to
constitute a natural ditch running along the Aurelian
wall. One can also mention the geo-archaeological
investigations carried out on the final course of the
Tiber River, which crosses Rome, that clearly
demonstrate at what extent anthropogenic activities
along the river banks conditioned the natural
meander-ness of the river in its final course (Marcelli
et al. 2009), (Fig.4).

From these few examples one can infer the variety of
possible interactions that can be reconstructed and
analysed in a GIS environment, where both urban
dynamics of city contexts with complex stratification
as well as countryside dynamics can be meaningfully
managed.

L

Figure 3 Tiber River flooding area in
correspondence to the city of Rome and quaternary
streams (C. Rosa). The latter are shown in the picture
(bottom right).
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Figure 4 Reconstruction, on the basis of geo-
archaeological and geo-gnostic data, of the shifting
of the Tiber River in the urban area of Rome.
(Matteucci, Rosa, Sebastiani, SSBAR 2002,
published in Marcelli et al. 2009).

As said, in addition to the attention given to the
archaeological evidence recorded and mapped in the
system, one should also focus on the absence of
archaeological record in certain spots and on the
consequent presence of natural features. In order to

better analyse the interactions, the main issue
becomes the determination of both the depth of the
archaeological deposit (top and bottom depth value
for each unit of archaeological evidence, expressed
in meters a.s.l.) and its ‘absence’, as well as of the
general depth reached by the investigation. Multiple
depth wvalues are important to determine the
chronology and to detect the different levels of
ancient occupation (especially in complex pluri-
stratified urban contexts), as well as for heritage
protection and urban planning, as seen earlier.

Accordingly, non-anthropogenic deposits should be
also recorded and mapped as well as modern or
contemporary strata, paying attention to their depth,
thus allowing for a quick fruition of data coming
from previous soundings on the same spot.
Consequently, the dedicated system should include
information related to the general character of the
‘layers’ detected by archaeological and geo-gnostic
investigation, and specifically the information
coming from core samplings and profile readings,
meaning the anthropogenic or natural character of the
deposits, the presence of bedrock or of more recent
deposits, or the combination of more than one on the
same spot (Fig.5).

Figure 5 Traces of ancient activities beneath the
modern city. Rome, Ricci Curbastro street: signs of
an ancient quarry and carved fufo blocks.

Products of the investigation within a research and
heritage management framework of this kind can, for
instance, be: a precise mapping of the presence or
absence of archaeological evidence in the locations
where investigations have been carried out, with the
precise indication of the reached depth and spatial
extension; a careful mapping of the environmental
data recorded by archaeological and non-
archaeological investigations, once again with the
indication of depth values and spatial location; the
modelling of reconstructed paleo-surfaces and the
long-term behaviour of hydrological features (rivers
and streams, marshy areas).
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2. The example of Rome

For the city of Rome, for instance, where
underground stratigraphy is marked by a high degree
of complexity, the creation of a system of this kind
has proven to constitute a real and urgent need. It
took the form of a digital relational archive, namely a
geo-archaeological spatial database, and it is being
implemented in cooperation with the geo-
archaeological laboratory of the archaeological
service of Rome (R. Matteucci, C. Rosa). The system
is GIS-based, and it is strictly linked with the wider
GIS of the area, a WEB-based product named SITAR
that was created especially to serve the management
and protection of the archaeological heritage of the
larger area of Rome (in the hands of the
Archaeological Service of Rome: Serlorenzi 2011).
The wider GIS system was implemented using the
sql language, written in Ruby for Grails, based on
PostgreSQL, and offers an Access interface as well
as a Web-based user-friendly interface, created using
Symfony open-source software. Map data are
supported by MapFish technology, linked for the
time being to an Autodesk Map Guide Server (De
Tommasi et al. 2011).

Following the general logic of the SITAR system, the
geo-archaeological archive is based on an
investigation-discovery logic, taking for granted the
issue that theoretically every archaeological find is
linked to an investigation or a research carried out in
a certain time-span in a certain place, which is
included in the administrative record of the
archaeological service. Thus, every investigation
produces one or more finds, either anthropogenic or
environmental.

The series of information gathered from each
investigation, mandatory for administrative purposes,
is also useful in measuring the quality of the
archaeological and environmental finds retrieved, in
particular by indicating the discovery type which

allowed  for  the  archaeological  (and/or
environmental) knowledge, as well as the
circumstances of the discovery. Therefore,

information on the investigation constitutes a first
level of qualifying metadata on the archaeological
and environmental information.

Within the system, both the investigations and the
archaeological and environmental macro-finds / units
of archaeological evidence have a logical
distinctiveness (at the attribute level) and a spatial
distinctiveness (position and graphic representation),
managed by the alphanumeric archive and by the
graphical layers respectively, within the system. At
the initial stage, finds are recorded as macro-features,
according to large distinctions: typological,
chronological and functional. The macro-finds level
includes both archaeological finds and layers, as well

as material and layers deriving from natural
processes, base rock, alluvial deposits or recent
human deposits (Farinetti 2011b).

The geo-database which strictly records geo-
archaeological data is still a work in progress (Fig.6).
The system architecture is based on the individual
soundings; the retrieved layers are considered as
units of archaeological evidence and are logically
linked to the macro-finds / units of archaeological
evidence of the wider GIS of the area. Therefore,
within the macro-finds archive, the results coming
from geo-gnostic investigations and open profile
readings are also mapped and registered. Those
investigations offer in many cases the main source of
information for the natural processes interrelated to
human history. Each layer of the drilling core
corresponds to a unit of archaeological evidence,
with its spatial and attribute component. This allows
for a quick mapping of the archaeological and
environmental evidence and consequently for a
detailed knowledge of the absence of archaeological
deposits at certain depths, something which is useful
for heritage protection and urban planning.

The system can delve into deeper levels of detail,
recording stratigraphical excavation units and
detailed results from core samplings. It will record
and map all data concerning geo-gnostic soundings
(from core drillings, open readings, geo-
archaeological data from excavations) in the entire
wider area of Rome. The recorded information is
much more detailed compared to the archive
previously illustrated and linked to the wider GIS of
the area. In the case of core drillings, for instance, it
includes: typology, executor, person in charge of the
reading, place of conservation, multiple depth values
of each detected layer, general and detailed
chronological attribution with reference to the dating
elements, layer components and layer interpretation.
The database is implemented in SQL language and
the access to the archive is temporarily allowed
through a series of Microsoft Access forms,
specifically designed for data updating and retrieval.
In the graphical archive, core samplings soundings
are represented as 2D polygons and 3D cylinders,
with a specified top depth and bottom depth and a
known  diameter. Consequently, the same
representation is employed for the layers detected
within each individual sounding.
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Figure 6 GEO-archive Data Model.
Conclusion

In conclusion, I would like to stress that the paper
aimed at setting up a logical framework within which
any archaeological GIS should be moving, aiming at
the management of the known archaeological record
and at the investigation of the interaction between
environmental and human data in urban contexts
with complex stratification. Thus, my considerations
did not refer directly to a specific software
application, but rather constitute a theoretical
framework and a logical structure applicable and
implementable in different systems.

As seen above, such a logical architecture for the
system has been positively employed in two related
contexts within the archaeological service of Rome,
in a wider sense in the GIS system of the
Archaeological Service of the city (SITAR GIS
system) and in particular to the so-called geo-
archaeological archive of the Archaeological Service,
where the logic based on a dynamic man-
environment interaction is being carefully and
fruitfully applied.
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Hepilnyn/ Abstract

H meproyn yopw and v moAn g lepdnetpag oy vota akti g Kpnig avortdydnie poaydaio tig mponyovpeveg
deKoeTiEG MG AMOTEAESHO TNG EVTATIKNG YPNONG BEPULOKNTIOKAOV KOAAEPYEWDV OTNV TOPAKTIL (dVN HETAED TNg
Iepametpog kot Tov owiopov Moptov ota dutikd. [lap’ 6AN v avdartuén tov PloTikod emmédov GTNV TEPLOYN, M
EVTATIKN 100MEIMOT AOQ®V KOl TAAYLOV ylo. TNV €YKATAOTAON VEMV BEPUOKNTOKAOV HOVAd®V E€YEl OAAOIDOEL
avenavopdmta T0 TOTIO pE SPOUOTIKG OTOTEAECOTO Y10, TO IOTOPIKE KOl apyaloloykd pyvnueio g mepoyne. H
GUYKEKPIUEVT] LEAETN OMTOCKOTEL O TPMTO GTASI0 GTNV KOTAYPUPT TOV BEPUOKNTIAKAV HOVAd®Y otV TEdLAd0 TG
Iepanetpog omd to TEAN TG dekaetiog Tov 1960 péypt GNUEPA LLE TNV YPNOT] AEPOPOTOYPUPIDV Kot cVyypovav GIS
gpapuoydv. O okomdg g peAETng glvan 1 dnpovpyio evog mAoiciov yio v koAvTEPN ektiunon emPBrofov
TAPAYOVIOV (YOUOTOVPYIKE EPYACIES, TEPLOYESG VIO KAAVY, K.0.) TTOV HITOPOVV VO ENNPEGGOVV TO TOAMTIGHUIKO TOTIO
070 Gpeco LEAAOV Kal TNV SLaPOANEN GLYKEKPIUEVMV TEPLOYDV TOL EYOVV ATOPHYEL LEYPL TOPA TIG KOTUGTPOPIKES
GUVETELES TOV OEPLOKNTIOK®OV KAAAEPYELDV.

Modern agricultural practices (greenhouse plantations) and more recently, solar panels, have covered the majority of
the large coastal valley around the modern town of lerapetra on Crete. Even though the plastic greenhouses
contributed to the development of the small coastal town and its surrounding settlements into one of the wealthiest
areas on Crete, the physical and cultural landscape of the region suffered immensely. The goal of this project is to
document and assess the extent of landscape transformation in the area and provide suggestions for the protection of
threatened cultural sites in the southern part of the Ierapetra Isthmus.

Keywords: landscape change, landscape management, greenhouse agriculture, landscape archaeology, site recording,
cultural heritage, aerial photography, landscape vulnerability assessment, digital applications

Introduction Vogiatzakis et al. 2008, Dudley & Stolton 2007,

Meyer 2006, Mazzoleni ef al. 2004, Pachaki 2003).

The following paper examines how aerial/satellite

imagery, in combination with geospatial data, are
being employed in the coastal plain of lerapetra, East
Crete, in order to document recent landscape
modification and to better understand land use
patterns in the region. Moreover, the study addresses
recent concerns regarding the consistent destruction
of archaeological sites in the area to be replaced by
vast greenhouse plantations in the coastal valley and
the surrounding bulldozed hills (similar concerns had
been expressed by Grove and Rackham (1993) with
respect to landscape changes in west Crete). The
project was inspired by current trends regarding
human-landscape interactions in the Mediterranean
regions (Dodouras et al. 2009, Naveh 2009,

The project took place on the eastern part of the
island of Crete in Greece. An archaeological study of
the settlement history of the southern part of the
lerapetra Isthmus in East Crete was undertaken by
one of the authors from 20062008 (Chalikias 2013).
The main motivation for this project was the general
lack of knowledge regarding the existence of ancient
settlements in the valley around Ierapetra in contrast
to the southern part of the Mirabello Bay, an area
which had been extensively studied during the past 30
years, contributing to our better understanding of the
socio-political developments that had shaped this part
of the island since the Bronze Age. After two seasons
of archaeological and topographical survey in the
area, it became clear that the dramatic transformation
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of the physical landscape had made it extremely
difficult to document and map archaeological sites
since most of the coastal valley was covered by
greenhouse plantations. This troubling picture led to
this project in an attempt to understand how recent
land use patterns in the region had changed the
cultural landscape of the southern lerapetra Isthmus
and how we could propose ways to protect future
sites from possible destruction.

1. Ierapetra and the greenhouse industry

The plain of Ierapetra is a long coastal strip
measuring approximately 50 km? (Fig. 1). Prior to
1960, the land around the town was used mainly for
barley and wheat cultivation, and secondly for olive
oil production, and small-scale seasonal vegetable
plantations. The situation changed with the arrival of
the Dutch agriculture expert Paul Kuypers in 1966
(Papadopoulou-Kontopodi 2003, 35-37). He saw the
agricultural potential of the area, mainly due to the
ideal weather conditions; temperatures in the town of
Ierapetra vary throughout the year ranging in average
between 10°C and 22°C in the wintertime and
between 22°C and 35°C in the summertime. Such
favorable conditions allowed for the production of
vegetables during the mild Cretan winter months in
plastic greenhouses, a farming technique introduced
by Kuypers that was unknown to most Cretans at the
time. Greenhouses in the Ierapetra region were built
by using a metal or wooden frame and plastic (nylon)
walls. Today, lerapetra is known for the dense
cultivation of large coastal areas with greenhouses for
the production of seasonal vegetables (tomatoes,
cucumbers, peppers, and eggplants) and flowers
(Mathioudaki-Dragasaki 2009). The construction of a
water dam at Bramiana in the early 1980’s, ca. 5 km
from the town of lerapetra, increased the water supply
for the irrigation of the agricultural fields and
produced a surplus of agricultural products that were
exported to the Greek mainland and countries in
central Europe.

Even though the greenhouse sector contributed to the
economic rise of the small coastal town of Ierapetra
during the past 40 years, its negative impact was
enormous on the cultural and environmental heritage
of the region.

Early on, most of the greenhouses were built on the
fertile wvalley around Gra-Lygia, Myrtos, and
Ierapetra. Sand dunes from the close-by coastal areas
were completely removed as sand was used for the
leveling of uneven surfaces in the construction of
greenhouses. When most of the flat coastal areas were

occupied with greenhouses, farmers expanded their
agricultural activities to the nearby hills and
mountains. Hill slopes and mountain tops were
completely leveled without any environmental
planning, changing the geomorphology of the area
and its physical and cultural landscape (see Sanchez-
Picon et al. 2011, Wolosin 2008 for the effects of
greenhouse agriculture in the coastal region of
Almeria, Spain; Gellynck et al. 2005 discuss the need
for zoning regulations regarding greenhouses adjacent
to urban areas). In some instances and in order to
increase the square footage of a new greenhouse,
thousands of cubic meters were dug out of the
mountain, marking the landscape with a huge visible
scar. Such actions can be devastating for the local
communities since they increase the risk of damage
caused by erosion, landslides, and floods.

Stomio lerapetra

LIBYAN SEA

Chryssi Island ; - 8
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Figure 1 Map of the lerapetra Isthmus with outlined
area of study.

A discouraging fact for the preservation of the
physical and cultural heritage of the region is that
today, an area of approximately 10 km? around
lerapetra, Kentri, Stomio, and Gra-Lygia has been
covered by greenhouses and solar panels to a smaller
extent (Mathioudaki-Dragasaki 2009, 99-102, Demos
lerapetras 2008, 35-38). In addition to greenhouse
agriculture, the region has recently become a haven
for “green” energy companies who install hundreds of
solar panels in the coastal valley of Ierapetra and
nearby hills without any consideration to landscape
preservation. Solar power stations (or solar farms) are
usually set up on hill tops, hill slopes, and more
rugged mountainous terrain since most of the flat,
fertile land around Ierapetra has been taken by
greenhouses. Even though in a smaller scale, solar
farms follow the recent trend of bulldozing and
leveling slopes and changing the geomorphology of
the area in order to accommodate hundreds of solar
panels that require a flat ground for fixed mounting.
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Further, solar farms, due to the high-voltage power
infrastructure have restricted access and are usually
inaccessible to  archaeologists and  cultural
preservationists. Solar farms and wind farms
(concentration of wind turbines) which at the moment
are absent from the lerapetra area are included in a
number of renewable energy projects across Crete
proposed by the government-controlled Regulatory
Authority for Energy (RAE). Even though the
concept  sounds  appealing, several  local
environmental groups have raised concerns regarding
the exploitation of Crete’s natural resources and
unique untouched landscapes within the next couple
of years (ITaykpntio Aiktvo Ayodva 2012).

Figure 2 The coastal area of Stomio in 1960 (photo
courtesy of Greek Military Geographical Service) and
the same area covered in greenhouses in 2010
(Source: Google Earth).

2. Methodology, data collection and preliminary
results

The primary goal for this project is mapping the
extent of human activity in the region of lerapetra
with the use of historical aerial photography and
satellite imagery and document how modern
agriculture has dramatically changed the natural and
cultural landscape of the coastal valley (for similar
studies see De Aranzabal et al. 2008, Sarris et al.
2005, Papanastasis et al. 2004). Further, the objective
is to create a database that will allow scientists and
policy makers to detect areas of environmental and
cultural significance and place them into
categories/zones based on their proximity to “high
risk” areas that have suffered most by human

intervention. The project will allow us to extract
useful data that will help in vulnerability assessment
of endangered cultural sites in the area and propose
solutions for their future protection.

Several aerial images available at the Greek Military
Geographical Service and covering the southern
lerapetra Isthmus in the 1960’s at variable altitudes
proved valuable for our understanding of land use and
settlement distribution in the area before the advent of
greenhouse agriculture. Particularly relevant appeared
to be some frames from late September 1960 (taken
by the USAF) that show the areca of Nea Anatoli
(Stomio) with several plots of land left uncultivated
and void of greenhouses (Fig. 2). Additionally,
preliminary observations indicate a coastline
transgression of about 80 m in certain parts along the
Nea Anatoli (Stomio) shore. Comparing these aerial
photos to modern satellite imagery demonstrated the
dramatic landscape transformation that occurred in
the area before Kuypers’ agricultural innovation.

Further, preliminary results revealed a large number
of archaeological sites that were in grave danger due
to their close proximity to greenhouses, industrial, or
residential areas. Even though the sites were visited
several times between 2006 and 2012, it was a
number of recent satellite images that helped us
evaluate the situation and understand the degree of
vulnerability that these sites were facing. In addition,
the detailed study of aerial images revealed several
areas that were potentially of high interest and
accessible for archaeological field survey a few years
ago but have been completely covered with
greenhouses and solar panels ever since.

The only documented instance of a destroyed
archaeological site in the lerapetra area was recorded
in 1992 when a bulldozer damaged two Late Minoan
III chamber tombs during the construction of a
greenhouse ca. 1 km northwest of the village of Gra-
Lygia (Fig. 3). According to Apostolakou, a survey
for further tombs and the associated settlement was
impossible since all areas around the archaeological
site had been already covered by greenhouses
(Apostolakou 1998, 25). Five examples of threatened
archaeological sites will be discussed in this article in
order to demonstrate how urgent it is to take action
for the immediate protection of the cultural landscape
of the region. Vainia Stavromenos and Anatoli
Schistra are within our study area while Paplinou,
Myrtos Pyrgos, and Myrtos Phournou Koriphi are in
close proximity to our region. Vainia Stavromenos, a
multi-period site, spanning from the Final Neolithic
to the Late Minoan III period is located on and
around a rocky outcrop immediately east of the
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village of Vainia, ¢. 4 km northeast of lerapetra. The
site, identified by K. Nowicki, has been already
damaged due to the construction of a dirt road that
bisects the settlement along the western slope of
Stavromenos (Nowicki 2002, 29-31). The landscape

around the site has been used for decades for the
cultivation of olives and as a grazing ground,
however, recent satellite images show that from
2002-2010, 12 new greenhouses were built southwest

| Anatoli Schistra

I Vainia Stavromenos

| M. Pyrgos & Phournou Koriphi

Figure 4 Archaeological sites in the lerapetra region that have been affected by greenhouse expansion (Source:

Google Earth and National Cadastre Agency)

of Stavromenos and within a 700 m radius from the
site (Fig. 4). Anatoli Schistra, a Final Neolithic site,
built on a rocky knoll ca. 1km south of the village of
Anatoli is located in a landscape of rocky pinnacles
that had suffered minimum human intervention until
about 20 years ago (Nowicki 2002, 32). The lack of
arable land in the lowland plains forced many farmers

to build their greenhouses in higher elevations, often
intruding into areas that were previously forested or
used for animal grazing, and seasonal farming.
Satellite images show that from 2002 until 2010, 6
new greenhouses were added to the landscape within
a 500 m radius from the site (Fig. 4).

CHALIKIAS & CANTORO



1st CAA GR Conference

Rethymno, Crete, Greece 2014

Paplinou, a small Final Neolithic site in the periphery
of our study area, is another example of the rapid
landscape transformation that took place in the area
over the past 20 years (Nowicki 2002, 29). The site,
consisting of a dense pottery scatter, is located in an
arid area dotted with barren hills, suitable for
greenhouse agriculture. Satellite imagery between
2002 and 2010 shows how a hill located ca. 300 m
south of the site was almost completely leveled. The
area that is now covered with greenhouses measures
approximately 250 x 400 m in size (Fig. 4).
Unfortunately, sites like Paplinou can be -easily
destroyed during such large-scale projects because
they consist only of pottery sherds and are lacking
architectural features, often visible on the surface.
West of our study area are the sites of Myrtos
Phournou Koriphi and Myrtos Pyrgos (Fig. 3).

Both settlements, located along the southern coast,
are of great importance for the settlement history of
the lerapetra area. The sites were excavated during
the 1960’s and 1970’s and provided significant
evidence for human activity in the area from the Early
Minoan II period until the Late Minoan IB period
(Warren 1972, Cadogan 1977-1978). Satellite
imagery from Google Earth and the National Cadastre
Agency demonstrates how between 2002 and 2009
the land immediately north of Myrtos Phournou
Koriphi and less around Myrtos Pyrgos was heavily
exploited for greenhouse agriculture with the
construction of at least 10 new greenhouses within a
period of 7 years (Fig. 4). Even though both sites are
known to the local population and are considered
sightseeing attractions in the lerapetra region, the
intensive exploitation of the surrounding landscape
has inevitably altered their cultural “hinterland” and
could have potentially affected smaller satellite sites
that were dependent on the larger settlements along
the coast.

The third step of the project was to map the
greenhouse coverage around lerapetra, and determine
how much of the coastal valley is inaccessible for
archaeological fieldwork. Later, several components
were added such as industrial and residential areas as
well as landfills and quarries. Greenhouse units and
other land features were mapped using mainly open
source desktop GIS applications (Fig. 5). Google
Earth was used during the initial stage for the
mapping of individual greenhouses by creating
several layers of colored polygons. The majority of
mapped areas (ca. 75%) were later recorded on the
ground with GPS for accuracy-checking purposes.
Our data shows that most mapped greenhouses had an
error margin —compared with the Google positioning—
of 2-3 m for most cases which was sufficient enough

for our study. These layers were saved as kmz files
and later converted into GIS files with QGIS. With
some polygon calculations we were able to perform
mathematical operations and extract different types of
information such as land coverage by greenhouses in
ha, percentage of the lerapetra coastal valley covered
by greenhouses, surface coverage by modern
settlements, etc. (Fig. 6).

With the available mapping technology we went a
step further and created a preliminary cultural
vulnerability map for the southern part of the
Ierapetra Isthmus (Fig. 7).

Vulnerability maps have been developed and used in
several fields of science and decision making
including hazard management (crisis mapping), social
services distribution and most recently in climate
change (Golobi¢ and Zaucer 2010, Edwards e al.
2007, Akram 2005). Such thematic maps reveal the
degree to which a region is likely to be exposed to
various harming factors according to a hypothetical
disaster scenario. The common goal is to use such
information in order to develop a reaction plan for the
protection of endangered areas.

In our case, we wanted to measure how vulnerable
archaeological sites (known and potential) could be
due to their proximity to greenhouses as well as
modern settlements and industrial areas. Since we
have no extensive data of how fast the greenhouses
expand across the coastal valley of Ierapetra it was
necessary to construct a hypothetical concept of
creating buffer zones around the actual greenhouses
and estimating how vulnerable cultural sites could be
in the future due to their location adjacent to
greenhouses (starting from the observation that new
greenhouses were usually built close-by previous
ones). Judging from a few sites that we studied over a
period of 8-9 years we realized that proximity to a
greenhouse is a key factor and increases the risk for
the preservation and well-being of a site.

Since there has been no systematic survey of
archaeological sites in the region all areas around
greenhouses were considered risk zones. The above-
mentioned archaeological sites demonstrate how
proximity to greenhouses can have different effects
for cultural sites ranging from complete destruction
(Apostolakou 1998) to partial coverage of a site’s
catchment area.
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Figure 6 Preliminary evaluation of geospatial data for
the southern lerapetra Isthmus.

For this project we used a table to register the risk
group and the objects that are wvulnerable.
Consequences were estimated on a scale of five
buffer zones, with 1=low risk (500 m from the
greenhouse), 2=limited (400 m), 3=serious (300 m),
4=very serious (200 m) and 5=catastrophic (100 m).
In order to indicate the different levels of risk on the
map we used different hues of yellow, orange, and
red, with red for catastrophic and yellow for low risk

(Fig. 7).

Our vulnerability assessment map allowed us to
detect the areas that are under immediate threat from
greenhouse expansion. Further, it showed us which
cultural landscapes demonstrate potential for
archaeological research in the future. Since most of
the coastal valley has been largely affected by
agricultural  activities it is necessary that
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Figure 5 Using QGIS to map greenhouse distribution in the Ierapetra area

archaeologists focus on other areas in order to explore
the settlement history of the lerapetra region. Several
regions, including the Meseleroi mountain range, the
West Siteia Mountains, and the Kalamafka
Mountains, have escaped the dramatic and rapid
landscape transformations around lerapetra. One of
these unspoiled landscapes is Chryssi Island, located
only 15 km south of Ierapetra. Archaeological survey
and excavation on the island from 2008-2010
produced substantial data regarding the diachronic
use of the island and how it reflected changes in
settlement patterns that occurred along the south coast
of Crete and more specifically in the region of
Ierapetra (Chalikias 2013, Apostolakou et al. 2012).
Cultural landscapes like Chryssi enhance our
understanding of the regional settlement history even
though they are located on the margins of the
Ierapetra region.

The project, generally outlined here, is at a very
preliminary stage, and there are still many issues
regarding the recording and documentation of
archaeological sites in areas that have suffered by
modern human intervention. We hope to present our
results to the 24™ Ephorate of Prehistoric and
Classical Antiquities, the Department of Environment
and Spatial Planning on Crete, the Directorate of
Agricultural Economy on Crete, as well as the
municipality authorities of lerapetra in order to
initiate a discussion on how to implement and design
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a strategic plan for the protection of the remaining
cultural sites in the southern part of the lerapetra
Isthmus. More importantly, farmers in the lerapetra
area need to become aware of the long-term value of
the physical and cultural landscape surrounding them
and how their actions can sometimes have a negative
effect on the nearby cultural sites. Even though
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satellite imagery combined with geospatial data can
be a powerful tool in visualizing landscape
transformation, it is only effective when such results
can be used actively in policy making decisions
concerning modern land use and the protection of our
cultural heritage.

Figure 7 Cultural vulnerability map for the southern lerapetra Isthmus based on distance from the nearest

greenhouse.
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