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DIGITAL FRONTIERS IN MARITIME ARCHAEOLOGY

@yvind @degard, Asgeir J. Sgrensen, Martin Ludvigsen, Stein M. Naes

Underwater Robotics in Marine Archaeology

Recent years have seen an increasing adoption of advanced technology into mainstree
archaeological research and management. Improvements in user friendliness, availal
data qality have helped to put #&ch gadgets and advanced computer software int
archaeological toolbox, and what happens at the digital frontiers in maritime archaeol
no doubt have great i mpacts on t he obbtics
Laboratory (AURLab) at the Norwegian University of Science and Technology (NTNU
multidisciplinary collaboration between the faculties for engineering, natural sciences
humanities. Through shared infrastructure and joint researctesrudevelopers and end u:
of technology work together on overcoming challenges and optimizing methods rel
marine sciences, including marine archaeology. Using Remotely Operated Vehicles
and Autonomous Underwater Vehicles (AUVs) as platfiseveral novel sensors have
applied to selected underwater cultural heritage sites. This paper will present some exé
data acquired by an Underwater Hyperspectral Imager (UHI), Synthetic Aperture Sona
and stereo camera photogrammetryt wi | | di scuss the pl a
different archaeological operations (detection, recording and monitoring). Further
present current research on guidance, navigation and control in underwater robotics-
Lab, and discss its potential benefits for marine archaeological research and mana
applications.

Crystal Safadi

An evaluation of the maritime accessibility and protection afforded
bronze age and iron age Levantine harbours.

This paer evaluates the natural affordances of Bronze Age and Iron Age harbours lo
central and southern Phoenicia, on the coast of medBgrrebanon. It looks at two fact
that characterise a harbour location: its maritime accessibility and proteictitight of its
physical topography. The evaluation is carried out through an enhanced framework of
that includes modelling of winds along the Levantine basin, and of wave heights f
harbour site. A review of the maritime developments aatiVities during the Bronze and Ir
Age, and of the maritime environment of the eastern Mediterranean, suggests that loca
enhanced frameworks of studies are substantial in order to bypass general observa
trends. Through the modelling wfinds, regional differences in mean wind speed and dire
are distinguished. These shed insight on the potential of sailing along the Levantin
particularly on the Lebanese coast.

Moreover, in accordance with the topography of harbour sitesyifid models highlight the
maritime accessibility: direction of sailing from and to each site, and their protectiol
predominant winds.

Congruently, the modelling of wave heights for each harbour site reveals the level of pr
they afford forships and boats.

This paper puts forth a detailed approach that testifies to the local character
Mediterranean, and proves the necessity of integrating enhanced and localised analysi:
holistic study of ancient harbours. It also present®a model by which to examine anci
harbours in general.
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Madeline McAllister

Virtual diving: Analysis of the archaeological value in imagbasec
digital recording and reconstruction of underwater shipwreck sites
Western Australia

The fundamental problem within archaeology is that knowledge is ultimately formed t!
the guided destruction of the cultural heritage resources that are being studied. Cons
accurate and highly detailed recording of sites during all stagearchaeological work

essential. Additionally, when applying archaeology to an underwater environment spi
accuracy become key factors of any recording technique. Photographical recordin
ethical requirements of completing archaeologwatk to the highest possible standard ar
widely acknowledged as one of the archi
As Baker and Green (1976) emphasised, the greatest value in recording with photogra|
infinite detail, surpasing even the best archaeological site plan.Until recently, acc
photographs of an underwater site and processing them into a digital 3D reconstruc
time consuming and required specialist skills. Advances in algorithms for computer scie
machine vision now allow raw images to be quickly processed and 3D reconstt
automatically derived. These advances are enabling archaeologists with minimal tra
create geometrically accurate imdggsed 3D reconstructions of underwater arcluggcal
sites, fulfilling essential archaeological requirements of recording a site quickly and acc
This recent and significant increase in digital 3D reconstructions raises the need fi
guidelines for digital recording of archaeological er&tl and sites to ensure that standard
upheld and that there is a thorough understanding of exactly what is presented in

model. Moreover, we should perhaps pause and reassess what theseaseaheechniqur
provide in terms of accuratea@rding of archaeological data before they become mains
and conventional archaeological techniques. Do they promote interpretation of archae
data and sites, or do they only present narrow, highly subjective views? How objec
these techiques? How do they influence the current archaeological process?

In this paper | discuss my PhD research, which proposes to contribute to techniq
methods for recording underwater archaeological sites by testing, analysing and re
methodology for accurate and affordable imabased recording and reconstruction
shipwrecks in Western Australia (WA). Ultimately, providing a detailed, accuratt
informative digital representation of shipwreck site/s for archaeological interpretation. C
both legacy data (data previously collected) and new data (collected during this resea
form the basis for the project.

This dissertation is running in conjunction with the Australian Research Council L
project &6Shi pwr e @&k amaitfme ardhaeoldgioahreassesgmeht @frsa
Australiads earliest shi pwrecksd (LP13
Linkage Project aims to make a significant contribution to our understanding of Eur
active in the Indian O@n and the Western Australian region during the &nAd
18thcenturies through reassessing maritime archaeological sites and examinir
approaches to maritime archaeological sites have changed over time in terms of b
research questions and nesetinologies.
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Pat Thomas Tanner

3D Scanning, Contact Digitising and Advanced 3D Digital Modelling f
the reconstruction and Analysis of Boats and Ships

Using examples from the Traditional Boats of Ireland project whictubed 3D laser scanni
to record more than 60 vessels over the past three years, case studies will demon
capability of 3D laser scanning to rapidly capture three dimensional data in the field, an
a three dimensional digital model. In atimg the digital model, each individual componel
solid modelled in the computer software and assigned a material. This enables the so
calculate important factors such as centre of gravity, density and establish a floatation ¢
for the vessel, in order to examine construction details, hydrostatic analysis, and a
external influences such as ballast, cargo and crew, wind load on rigging and hull,

conditions.

A second case study using the remains of the mid 15th centurgrcbokt Newport Medieve
Ship, which has been excavated, cleaned, documented, modelled and is nhow midway
PEG and freezdrying conservation treatment. Digital documentation methods, including
scanning and contact digitising were used extehs Individual ship timbers were recorc
using contact digitisers to record full size three dimensional wireframe models, and tc
important features such as tool marks, fasteners and edges. Different features, such as
wood grain, wereacorded on separate layers and in specific colours. The wireframe d:
then surfaced to create a digital solid model which accurately represented the volt
geometry of each individual timber, and finally physically manufactured at 1:10 scalean
additive manufacturing process called selective laser sintering.

The manufacture and assembly of a 1:10 scale physical model of the vessel rem
provided both construction sequence information and a suitable foundation from w
reconstructhe missing or damaged areas. The physical scale model was 3D laser sc
create a digital version and used as the basis for a digital reconstruction. The digital |
then repaired, and a set of lines extracted and faired using Rhino3D soffiwarknes wer
turned into a digital hull model and analysed in a related software program called
which has been used to determine hydrostatic and hydrodynamic characteristics. The t
abovementioned advanced digital modelling software antbaph quickly allows for multip!
variables to be tested and modified in order to reach a definitive original hull form.

Carlo Beltrame

Underwater photogrammetry applied on two cargos of marble of Ror
age

In the last two yea; the team of maritime archaeology of the Universita Ca' Fosc
Venezia, directed by Carlo Beltrame, has experimented and compared on shipwrecks
techniques of underwater documentation. The better results come from theinmagh
photogrammetr technique. This system reproduces the archaeological evidence in a
and correct way, both from an iconic point of view, because it uses photographic text
from a metric point of view, because the final errors are minimal and derisory.

The photogrammetric documentation is supported by a metric documentation, with coor
to scale and arrange the 3D model in a topographic system.

We want to show two Roman shipwrecks with cargos of marble. Both cargos are rap
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by huge blocks with dfierent depth, number and disposition on the seabed. -
characteristics determine the choice of the documentation which has to integr
photogrammetry.

The Marzamemi | Roman shipwreck is composed by 14 marble elements consisting ir
big colunns and squared stones, scattered on the seabed; some of the blocks lies far
main cluster. It has been necessary a subdivision of the photogrammetry in four ¢
clusters, which are then positioned with a trilateration method. The trilatenais realize
with a DSM (direct survey method) technique which produces not absolute coordinate:
must be georeferenced with a GPS.

The Capo Granitola Roman shipwreck is composed by a 'coherent’ cargo of 65 square
blocks, found in the stoage position; the upper part of these blocks lies at a depth from
meters. In this case we have decided to use a differential GPS to measure the marke
blocks.

Each coordinate is inserted in the 3D model realized by photogrammetry whichemacstlec
controlled and corrected. Because to realize a complete study of an archeological un
site we need to obtain a 3D model with correct measures, the use of the 3D t
documentation method, as a support for the nimlbige photogrammet, has proved &
important and essential part of the documentation.

Dominique Rissolo, Alberto Nava Blank, Vid Petrovic, Michael Bianco, Perry Naughtol
Eric Lo, Falko Kuester, Roberto Chavez Arce Antonella Vilby.

Refining techniquesfor underwater structurefrom-motion (SfM) image
acquisition and processing

Structurefrom-motion (SfM), as a means by which 3D reconstructions can be generate
2D photographs, has been widely adopted as an accessible and empoweringadohmapic
documentation and visualization of archaeological objects, features, and sites. How
application in underwater environments presents certain physical and method
challenges. Open source and commercial 3D reconstruction sofiyplieations are readi
available, though limitations include domain specific capabilities, data preconditi
computational complexity, and accuracy. The Center of Interdisciplinary Science fi
Architecture, and Archaeology (CISA3) at the Uniitgrsof California, San Diego
developing innovative tools for cultural heritage diagnostics, analytics, and disseminat
is focused on new advanced protocols for underwater SfM documentation and visualiz
underwater cultural heritage sites.

Dejan Verani|, Aixa Andreetta

The »PALAFITTES GUIDE«: personal guide to the pile dwellers al
their settlements.

On June 2% 2011 the Prehistoric pile dwellings around the Alps were added to the UN
World Heritage List. Thee are 111 enlisted sites out of around a thousand knowi
participating countries: Switzerland, Austria, France, Germany, Italy and Slovenia est:
common management for the serial site. As a brand new member of World Heritage
image of pie dwellings being one serial site was and still is of great importance.
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The need of presenting the siteds out st
the audio guide.

On behalf of the international coordination group, leading arcbget$ in conjunction wit
science journalists from Texeter a, com
transnational cooperation. At more than 80 locations in Switzerland, Germany, Aust
Slovenia users can learn about the way ofdif¢he ancient pile dwellers, and the work of
archaeologists who study them. There is a German and English version of the applice
also has Slovenian audio tracks.

The application works with iPhone and Android devices which has three motlidestst is ¢
map of the Alpine region that shows t

prehistoric piledwelling sites. Attached to every site is an audio file lasting about three n
in which users can learn more about the particioleaition. The audio guide works best w
used on site. That way orientation in space and time is much easier. Usually there is
point described per site. Here one can also find information about museums where th
from the sites are contexlized. The second module contains a comprehensive collec
interesting background material about the pile dwellers. The last one has informatio
current events, special exhibitions, lectures and publications that concern pile dwellings

Pile dwelling sites are not seen on the surfice and the application gives us a good oppo
understand them without disturbing the landscape. The application is a tool for heig
awareness and understanding the early farming communities in ceatogdeEand buildin
local and regional identity.
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Ann Degraeve

Preventive archaeology: how can we bridge the digital gap?

Being part of the urban building planning process within a legal framework and foi
produce a maximum of data within a minimum of time, preventive archaeology is thus -
to be the perfect setting for new digital techniques. These pposed to offer archaeologi
the possibility of gaining time within the harvesting, the production and the safeguar
the data. We are however contrived to observe, after some years of preventive arc
management, that this is unfortunately tie case.

Although several basic digital operations found their way into the daily modus operanc
field, such as the use of a total station, other techniques and tools, like photogrammn
3D-scans, are clearly still not fully part of the lmaknowledge in digital recording. For sewve
reasons, many archaeological operations still lack the necessary digital input not only
the archaeological data from their destruction inherent to urban development and thi
an often very shortime frame, but also, and in a worrying way, within the storing o
archaeological data, jeopardizing thus the necessary conservation of the archa
heritage.

As managing organization of preventive archaeology faced with the multiplicity of tibes
and this digital gap, we should subsequently take our responsibilities towards the
actors. This communication wants therefore to focus on the problems encountere
(unfortunately not widespread) use of digital systems within preventdheeology and ho
we cope with this on a daily basis in the urban archaeology within the Brussels
Region, Belgium.

The Brusselsdéd workflow consists of thr

the field work via cartographic assament of the archaeological potential. A multitud
ancient maps have therefore been vectorised and georeferenced towards the actue
forming the legal base for the organization of preventive archaeology, i.e. the Atlas
Archaeological Pantial in the Brussels Region. During field research, a combinati
various registration techniques has been put in place according to the type of data ¢
and production to be done. A general management database system has been pu
obliging every archaeologist working within the Brussels Capital Region to entel
excavation data. The database system includes not only the data from field |
(registration of layers, features, objects, samples etc.) but also the data concer
laboratory and restoration activities and the management of the storage and archiving
( e g .-locéligatoon of the archaeological objects and samples within the storage |
This standardized data management offers thus the possibiéasgfexploitation and shari
of data between researchers. It is, since 2014, coupled with a systematic opel
publication of the excavation reports and padewironmental analyses, allowing thus the
literature to disappear and give acceshdrchaeological results both to researchers ai
general public.
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Maxime Seguin, Yaramila Tcheremissinoff

A Systematic photogrammetric survey in a context of preven
archaeology: the col |l eMas VRO wWgeo e

The collectiveidasavRowdediChwaal didecovere
A9 bypass of Montpellier city (Hérault, LanguedBoussillon, France). An excavation of 1
structure took place from August 2013 to January 2014. Itcatdal on the outskirts of
previously excavated Neolithic village and was used aro®3®0 BC. The burial plas
occupies a large digging of 6 meters by 4 meters and 2 meters deep. The primary pt
this cavity was a large domestic cellar. The fuhdestination took place in a second time.

The context and characteristics of this structure has led us to choose a recording me
permits an exhaustive and rapid acquisition. A specific recording protocol was set be
excavation phase in canation with the administering authority for archeology (Ser
R®gi onal de | 6Arch®ol ogie) . The object |
three dimensions in a reliable and systematic manner. The manual drawing was excluc
the ime constraints, the classical image registration could not guarantee the re
accuracy, and the use of a laseanner was not appropriate. Consequently, photogram
survey has been chosen for its set up comfort and low cost.

The process allowdpr each stage of digging, to produce an orthophotography and a
elevation model (DEM). The resolution of these orthophotographies is 0.5 mm. The ha
and vertical accuracy of the DEM is millimetric. Twenty photogrammetric surveys
conduced during five months : one Z@inute acquisition per week. The computations \
performed with the MicMac software suite developed by the French National Instit
Cartography (IGN). It is dedicated to scientific purpose and is distributed undee art
opensource license. Tacheometric surveys were only used to measure ground contrc
An overall photogrammetric survey of the cellar was also conducted at the end
excavation. All produced data can be exploited through the QuatumGISsmftw

To our knowledge, a photogrammetric survey of such a volume in a context of pre
archeology remains unique. It has led to a significant gain of efficiency, time and accure
interest of this case study also lies in the use of a complegslyahd opesource profession
software suite. In the short term, this method could be used on a regular basis on othe
projects.

Rupert Gietl, Luca Bezzi, Alessandro Bezzi

Preventive Archaeology along the WW1 high alpine frdme. Challenges
i Approachesi Limitations.

In occasion of the 1§bcommemoration of the beginning of WW1 on the Italian front in
2015, the Cultural Heritage Department of Setyol together with AreTeam has started
first pilot proje¢ aiming to find a reasonable way to handle the huge amount of remair
600km long frontline on altitudes up to 4000m. The project started in 2012 on a restric
of approximately 6 km2 on an altitude between 2000 and 2400 meters where we wdn
record more than 1000 structures of a large second line Adsimgarian artillery cluste
Facing up to this facts, we tried to evolve a wélokv starting from archivestudies going o
with largescale geodata analyzes and finally arriving to lowtumle aerial photograph
ground survey and 3documentation.
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The method was tested and improved during a European project along the Italian and
border in 2014, which gave us the possibility to study an area with the presence of
defences of both warring parties: The complexity of the situation, mirroring the heterog
of the warinfrastructure itself, urged us to optimize another time.

The final target is to get a quick, exact, low cost and open source based method
collectionwhich we want to present in our contribution.

At the end of the project we were able to compare the results of ground survey with the
information got from different geodatasets, historical maps and low altitude aerial photo

The impressive gapelween the effective density of the structures and the idea we he
interpreting aerial photos and digital terrain data should be another point to take up.

Finally we want to broach the subject of data presentation and communication to the
We ae testing different ways of sharing the results with the user, pointing at applicati
mobile devices using geolocalization, camera tracking and augmented reality.

Enrico Petruzzi

Collecting, managing and sharing archeological dat Preventive
archeology in a urban contextPorto Torres, Sardinia, Italy.

Cities with a long continuity of life represent one of the most stimulating and problemat
for the implementation of preventive archaeology. The frequency of ttieaeplogice
operations, the multiplicity of interests interacting and the complexity of urban structur
"multistratified cities" the context of the most strident opposition between modificatic
respect of existing evidences, planning of the rittity and sharing of historical informati
within the society.

The urban area of Porto Torres presents interesting features, related to recurrent prc
expansion and contraction of the city over the centuries since the foundat
the Colonialulia Turris Libisonisin the first century. B.C.

The paper intends to retrace the development process of specific tools for managing ge
archaeological data, functional to the practices of preventive archeology, developed i
years accordingot the implementation of the rules of protection provided by the Re(
Landscape Plan of Sardinia. This path of conceptual evolution of the methodological a
to the study of the archaeological city, will be illustrated starting from the methc
acquisition of data often processed and stored in very heterogeneously forms from a
knowledge built over a century and a half of investigation.

The partnership between heritage protection and State agencies and universities has
processsince an early stage. Currently the strong collaboration between the Depart
Architecture, Design and Urbanism of the University of Sassari (DADU) anc
Superintendence for Archaeological Heritage is the ideal setting for testing the paran
SITAN (Geographic Information Archaeological National System), research projec
within a network of universities and supported by MIBAC and ICCD.

The application of SITAN parameters is required by the Ministry of Cultural Heritage 1
applicationof the methods of preventive archeology and for the sharing of archaeologic
Porto Torres is one of the first experimental contexts of this tool that allows to organ
share informations starting from punctual positioning of all types of aotbgical data.

The work is currently going forward on a double track:

42



SESSION 1B

THE CHALLENGE OF THE PREVENTIVE ARCHAEOLOGY : EFFICIENCY AND QUALITY

Acquisition of archaeological data by reviewing the documentation from most
excavation conducted along the coast line, the most sensitive area to the urban trans
in theimmediate future.

Creation of computer applications for predictive knowledge of the context focused prim
the activity of heritage protection and urban planning but that can also be used
dissemination of knowledge in the near future. Thiotlie use of a postgreSQL DB ser
connected via web using PostGIS client to open source GIS (QGIS) is enabled the aci
processing and online publication of the data and its direct use by the responsible
institution of protection througthe use of a positioning system based on web mapping A
smartphones and tablets.
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Liat Weinblum, Stefan Miinger

DANA (Digital Archaeology and Mtional Archives)i A New Software
Tool for Field Archaeologists

The paper presents and showcases a new archaeological documentation syste
developed since 2011 by the Israel Antiquities Authority (IAA) and the Department of .
Studies, University of Bern (Switzerland). It is based on software elements prev
developed for the Kinneret Regional Project database framework, operating since 2003

Governmental archaeological institutions, such as the IAA, are normally involved ire
excavations and/or complex, lobgrm projects, often facing difficult work situations
urban/constructional contexts and usually bound to especially tight time frames. There
envisioned digital tool not only needs to streamline and facilithie archaeologic
documentation process but is also required to simplify the administrative reporting wa
including a seamless integration into the broader, already existifigiiiework of the nation.
archives.

Likewise, the system is expectarlguarantee highest academic standards during fieldwo
in the following publication phases.

The basis for DANAI the digital documentation tool under discussiors the welknown
Filemaker Pro database software (V. 12.0.3 and higher). This teliyrétaple databas
environment allows easy programming, fast debugging and a handy fallback on
existing resources. However, the basic tools offered by Filemaker Pro would not allow
and professional work environment. Thus, DANA is packeth veidditional technologie
improving both, communication with the different components of the software and tt
experience.

In its experimental stage, DANA was successfully tested on five medium scale IAA
excavations, of which each one impos#fferent requirements on the systeBased on thes
test cases, DANA has been further improved towards a first productive version a
implemented in 2014 in all IAA excavations, counting more than 300 each year.

Francesca Anichini, Gabiiele Gattiglia

Preserving Italian archaeological open data: the MOD solution.

The MAPPA Open Data (MOD) archaeologicaépository (www.mappaproject.org/mc
stores and consider openly accessible all kind of archaeological data fronateato dinkec
open data produced during the research
the Journal of Open Archaeological Data for good quality d@uar. infrastructure is hosted
GNU/Linux of the Centro Interdipartimentale di Servinformatici per I'Area Umanistic
(CISIAU) of University of Pisa, is designed on an Open Source LAMP technological pl
using an Apache HTTP Server, PHP 5.x scripting language and MySQL Open
relational databas&he growing volume of openly aessible data has a great impacting fe
in the management and preservation of data. Currently, as our main purpose was to
the archaeological community of the importance of open data, we use a basic policy
management: we acquire raw d&t@m archaeologists, and we validate the data from a
point of view.

We published a detailed guide in which are explained the procedures that must be fol
prepare and provide the material to be published. In compliance with the laws, ¢u
documents are not expected to contain the personal data of natural persons who
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previously agreed to their publication, whether they are authors or third parties me
inside the records. Specific disclaimers have been prepared and cawtileaded to hel
authors correctly collect the authorisations needed to put their material online. Once v
the data, we embed metadata to each dataset describing all the information rega
dataset itself, we stored the data in our repositorgyiding protection. We use a metac
schema for each dataset describing all the information regarding the dataset itself: the
and format of the digital data, the history of the archaeological investigation, the sourc
the method and ¢hrelationship with the physical data. The schema is composed partl
Dublin Core and partly from I SO 19115
describe the quality of data, because we firmly believe that the quality of researctudiaba
responsibility of researchers in a sort of open peer review meftmedervation should ensi
the authenticity, reliability and logical integrity of data in perpetuity. The solutions we
are: normalization, i.e. migration to widely supportgubm standards; version migration,
mi gration through successive versions
preserving proprietary formats that dor
software using proprietary forats is widely used within a research community); fo
migration, i.e. migration to other formats for dissemination; refreshment media, i.e. mi
between media which leave data unchanged. Finally, strongly pushing towards reuse,
reuse itselfaids preservation, for this reason all datasets are licensed WiB\YCEZE CCBY -
SA licenses and published with a DOI (Digital Object Identifier).

Giuliano De Felice, Andrea Fratta

A dig in archive. The case of Herdonia.

Since2004 the Department of Humanities at University of Foggia holds the historical ¢
of Herdonia, containing the documentation of archaeological research carried out in the
town of Northern Apulia since 1963. Started as a Belgian project in 96293 the Herdon
project became fully international, involving other European Universities and evolving
wide field school for hundreds of archaeologists and students until year 2000 whe
activities definitively stopped.

The story hidden o the archive is long and complex, written in the documentation pro
during 40 years of excavation and survey that led to the discovery of one of the largest
roman and medieval site of Southern Italy. The archive is a unique memory covéuing
time span, containing documents that are parts of the history of archaeological researc
with various methodologies (from long trenches and Wheeler method to big areas) and
using different techniques and technologies (from paper idgaamto CAD models, to 3
scans). Moreover the archive contains other kinds of data such as excavations diarie
inventories, photos and also video tapes.

The purpose of activities carried out at Digital Archaeology Lab is to share all the doswoi
Herdonia archive starting from spatial data, carrying out specific workflows for builc
common environment in which digitized legacy data and digital born data can stay toget

The first phase of the project has been thus the recovering aflatiedrawn maps, the
digitizing and georeferencing in an open source GIS. For the first time all of the sect
trenches dug up on Herdonia Site stay together, georeferenced, under the same roof.

The main topic that will be discussed in the papdhésworkflow used for referencing a
blending sources belonging to different phases of the research, starting from

documentation and written sources. These kinds of documents represent the majority
and we can imagine mosarchaeologickarchives and it is mandatory to extract from this |
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of documentation as much information as it is possible.

As we believe that it is mandatory to make these data available for all kind of users,
currently implementing a WebGIS platform thatncke handy for several purposes, fi
research planning to visitor support. This platform is currently undergoing test phas
smaller context of the roman Forum, where a very complex stratigraphy describes life
from preroman times to early Midd Ages; the aim is to build an interactive 3D environr
with a reconstruction of the whole chronological sequence and share it on a website.

Kang Li

Computerassisted archaeological line drawing by viewpoin¢lated
feature extractingmethod

Archaeological line drawing is one of the most important data recording technologie
archaeological excavating process, and also an essential component of an archaeologi
Archaeologists use archaeological line drawingsilltestrate the appearance and accl
geometric measurements of heritage objects. Traditional methods for archaeologi
drawing is manually record lirérawing in 2D methods, the process hence quite laboriot
time-consuming and the results varibetween different recorders. In this paper, we prop
computerassisted method to generating archaeological line drawings on 3D triangle

reconstructed from 3D laser scanning data of fragments of-€etta Warriors and Horses
Qin by Creafom VIUScan. First, to reduce redundant lines detected on the rough ani
surfaces with holes, we use the-mtEsing, holes filling, and mesh simplification meth
Second, to extract the lines of 3D model, we introduce a viewpalatied ridges and Jvalys
extracting method. Third, because lines extracted from the second step are not conne
some parts stiff, we proposed a stylized silhouette rending method by a improv
expanding algorithm. Finally, we generate the line drawing from therapp geometr|
features of 3D object. Experimental results show that line drawing generated by this
can describe the shapes and appearance of heritage objects precise and clear. Com
the traditional manual method, our method is more atewad efficiency. The results is ut
as the line frames for the archaeologists to generate line drawings of archaeological

the third excavation of Terreotta Warriors and Horses of Qin Dynasty.

Enora Maguet

Palaeoenvironmebal records and PHP possibilities: results ai
perspectives on an online bioarcheological database

Palaeoenvironmental records, which represent now a rich amount of information, set «
problems of data management. Thus, they need to bel stittén an appropriate device, st
as a local or online RDBMS.

Indeed, several European bioarcheological database projects already exist (
BioarcheoDat, Arbodat), but they concern more often anthracological and archaezo
samples than pwhological records. For these reasons, we decided to gather the palyn
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and anthracological results of the investigatory works carried out among the archaeoloc
of Rennes (UMR 6566 CreAAH). Afterwards, we built an online relational databhese
aims were to allow palaeoenvironmentalists to recoedd and exploit this information.

The database, called ABCData (for Archeology, Biodiversity, Chronology Data), was 1
using the FuelPhP framework, which respects Hiegarchical Model Viey
Controllerarchitecture, and allowed us to generate the numerous files associated to th
(Create, Read, Update, Delete) functions of the different tables. The tables are stc
PostgreSQL database, hosted on the OSURIS server (Rennes 1), amteatzd through tl
administration  PhpgAdmin interface. The user interface, (http://archeosci
abcdata.osuris.org/), required the use of several programming languages, as well as
libraries, PhpExcel and D3.js. The first one allows the wsé&nport and export spreadshe
and the second one to generate graphic representations of the palynological results.

A prior attention was brought to ensure possibilities of interdisciplinary and interopel
with other palaeonvironmental remains ashatabases, and more specifically to foreses
problems associated to the dating and chrattiibution of the samples, and to the taxonc
references.

The php database also permitted the construction of a palynological query inter
association \wh a SVG (Scalable Vector Graphic) generator. These tools provide an inte
way of analyzing the sample data, crossing the different records and studying the ir
numerous parameters such as the topographic implantation or the sediment dtars
throughout the Holocene period. We conducted a series of analyses based on the paly
content of 43 sedimentary <cores from
performances to the synthetic history of the basin vegetation set emfliedc merging of th
same data, since the late Epipaleolithic times. This study revealed a great accordance
the two methods, and highlighted some bias and the necessity of permanently watchin
the statistic distribution of the samples.

Therefore, it seems that the ABCData project could bring fertile bioarcheological hypt
especially by developing interdisciplinary queries. Likewise, the D3.js library used for th
generator could provide new forms of palaeoenvironmental repatieest, like dynamic 3
graphs.

Smaragdi Papagiannopoulou, Niki Naoumidou

When Archeology and Conservation meets in a cultural informati
system for movable archaeological finds sxalled: Mnemosyne

Introduction:

Through the dfinition of the profession of conservator as given by the |G0®1and the
Charter of Venice it becomes clear that the documentation and recording is important fc
stage of its work. The volume of information either analog or digital resulting from
conservation and other scientific disciplines for movable archaeological finds are great.
Therefore, for the appropriate management, preservation, storage and evaluation, the L
information systems is necessary.

Purposeof the poster:

The purpose of ik poster is the presentation of "Mnemosyne", a-bhated management an
documentation system for movable archaeological finds.
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Presentation of the system:

Some of the topics that will be presented are: The purpose of the system, the requireme
analyss, the users, the structudesign, the content, the software selection and the compli
with international standards.

"Mnemosyne" was created to meet the needs for documentation and management of
archaeological information and information of consdorabf excavation finds, by recording
all scientific and administrative procedures incur from the discovery of the excavation fir
any change in their condition. Every action is documented, dy the use of photographs, ¢
with the use of physicalnal chemical parameters and with the use of bibliography, linking
responsible person that acted, the time frames of the action, the place of it as well as th
motivation and the means used.

For its implementation, it was used a free and open sourtvessef It was developed in PhP
programming language, with the Drupal Content Management System in an Apache se|
The database was designed in MySQL. For the data modelling, archaeological informat
conservation information of the 1st Ephorate mdt#storic and Classical Antiquities, have b
studied. The system was designed and implemented as the bachelor thesis in the Depa
Conservation of Antiquities and Works of Art, TEI of Athens, Greece

Conclusiond Results:

I'n conclusyo@ao fiMnamoisnterdisciplinary
different scientific fields where users are classified into specific roles. It sufficiently supp
the inductive procedure of recording information from fragments to the complete otgject
presents them under two central axes, the conservation report and the archaeological r
is compatible with international standards such as the CIDORM, Obiject ID, directions of
AIC etc. It is an online platform that creates in reade a fuly supervisory overview.

Arianna Traviglia, Stephen White, Andrew Wilson, Beatrice McLoughlin

Digital laboratory recording: workflows and data models for artefe
processing

The registration and cataloguing of artefacts hasost completely moved from paper
computers in a variety of forms, and with the introduction of powerful mobile devices
the opportunity to digitally record this process in ways that are efficient, flexible enoug
adapted to different projectand different regulatory regimes, and capable of genel
sophisticated highly linked datasets.

This poster presents two examples of the application of this approach using Android
Open Data Kit Collect xForms application and a sebased datanodelling and manageme
system.

The first example is the process of automated artefact primary inventory, further cate
and study applied within fABeyond the

landscape archaeology project based in ilkkép Italy. Routine collection of artefacts
undertaken during field walking survey and a large amount of manifold archaeological &
were collected over four years of the project (2010/2013). To handle the catalogu
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storing of a considerdd number of artefacts an efficient process was set up to minimi
time spent in primary inventory procedures and to automate them as much as possible
as provide a valuable analysis tool in the following artefact study phase.

The second examplis the inventory of artefacts from the Zagora Archaeological P
(ZAP) a multidisciplinary investigation of the Early Iron Age settlement of Zagora on Ar
Greece. Important aims in this project have been to use digital data capture and storagk
as possible, the integration of new data with the extensive records from the
investigations managed within an existing database, and the provision of preliminary fi
to fieldworkers and researchers, in the form of annotated photogeaplgickly as possible.

In both cases initial development included the creation of a data model. The in
workflows were then identified and data collection forms created for each workflow. The
i with the existing data model integration mappingiere downloaded into the ODK Coll¢
Android application running on Lattedicated tablets. Data collected was then uploi
tracked and ingested seamlessly into the data model of the server dafalmaseperienc
demonstrated that choosing a flexildelivery system, such as ODK, that allows apple
capture data in a customised way means the system can be easily adapted for a varie
collection needs. A fundamental aspect of our approach is the decoupling of the data ¢
workflow from the ultimate data model. This made possible efficient data collection in 1
and automated processing to conform to the data model in the database.

Andrea Bardi, Luisa Dallai, Alessandro Donati, Vanessa Volpi

Archaeological and phgicochemical approaches to the territory: esite
analysis and muldisciplinary databases for the reconstruction
historical landscapes .

Archaeological surveys combined with physicochemical analysis and the statistical tr
can be used gsowerful tools to offer a comprehensive picture of historical territories imp
by ancient settlements mine exploitation. Despite the fact that information could be
depending on different historical circumstances and local conditions (i.e. ppiag
stratification, concurrent influences etc.), in fact traces of different activities pers
fingerprints in the landscape.

Following archaeological and historical questions, a number of scientific techniques ap
environmental matrices (i.soil, stream sediments, water, plants) can be employed wit!
predictive and descriptive goals (Benverttialii, 2014). In particular, high throughy
techniques can be used in mugtiale investigations (intrsitu and mediurtarge territoria
scak) in order to obtain detailed chemical and/or geochemical maps. The merging of th
with archaeological maps will give a more accurate interpretation of the historical cont
can be very advantageous in the excavation planning of a site @allédj 2013).

This model need a specific care in the classification, storage and recovering of tl
Consequently the production of a oO0smar
inter-exchangeability of the data and flexibility in thatamining.

In the present work the methodological approach of our research is reported together
studies demonstrating its validity and robustness.

I n particular we focused our attention

Metali f er e 0, a wi de t e r-westiofolusganyl This ar¢aasdchaiacter
for the presence of arsenic and heavy metals contamination associated with a relevant
standing tradition of ore mining and processing (Doefatilii, 2005).The great developme
of mining activity was due to the presence of a large mineral deposit, mainly constiti
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mixed sulfide ores that were exploited since Eneolithic age for the production of coppel
lead and iron. Beside this, considerablenie deposits underwent to a systematic extra
activity recorded from Late Middle Age to early XIXth century. Here, archeological re:
has been developed since 0680 through e
than 145 krfy recordng and describing over 2500 sites (about 50% of these were ¢
mining and/or smelting sites) (Bianadt alii, 2009).

Through this multidisciplinary approach several sites were investigated; the resul
contribute to propose a possible historicéérpretation of the landscape, with a special fi
on their mining and metallurgical aspects, and have offered new possible perspec
ongoing archaeological researches.

JeanYves BLAISE

Putting architectural changes into contex the historySkyline visua
metaphor

When trying to understand and recount how pieces of architecture get transformed
passes by (may we observe one particular historic edifice or a whole urban structure),
pull together a varietgf documentary hints helping them to spot and depict changes ove
and to order (if not date) those changes.

The word Achangesod means here of cours
extensions or demolitions, addition of new architeal components or removal of deprec:
technical solutions, replacement of a material by another, etc. But it may also
successive functions devoted to a piece of architecture or to successive ownerships a
the city for instance.

Attheend of the day, analysts try to end
stability and changes are assessed and ordered in time, and where the actual physica
pieces of architecture is likely to be represented in 2D or 3D throaigiemporary geometi
modelling platforms (typically, VR applications).

But when looking at it from closer, what exadiearchitectural changes? A randc
accidental, phenomenon, a softmatter of chance?

What initiates them? Why do they occur? Wioythey precisely occur in one specific plac
one specific time?

In this contribution we base on the claim that it can be worth considering architectural «
over time asconsequendesand accordingly to try and cresgamine the underlyir
possilte causes.

More modestly and pragmatically, the research is aimed at relating architectural chz
potential causal factors by correlating information on architectural changes (in te
morphology, structure and function) with information on a gllaetext (legal issues, natu
phenomena, demography, wars and rulets).

We introduce a visual metaphor calledtorySkylineaimed at aligning architectural eve
(any changes, including destruction or extension) and facts that may have imibesst
events (in short, pieces of information about historical contexts). The visualization conr
recount over time of architectural transformations (by type) with indications on the ama
historical evidence available and with a variety of cetutal information such as wars, natt
disasters, life of important people, demography, new laws, etc. The visualisation d
actually mention causality: it barely puts facts that occurred at the same period side b
is applied to architectur@hanges on Cracow's Main Square (over 40 edifices at one t
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left todayi 371 architectural changes recorded, 538 bibliographic sources, 478 pil
information about various elements of contextualisation). It builds on an irfatieed
mantra:using vision to think, with here a specific bottlenéckighly heterogeneous data set

The contribution introduces the methodological and technological choices
the historySkylinevisual metaphor, and discusses its practical benefits and limitamidesms
of information discovery on the abovementioned test field

Michagdg Gil ewski

Slow-motion videography and recording experimental archaeology

Since the very beginning digital imaging techniques have been of great importa
archaeology. The material remains of the past found during the processasfation hav
static character. This is why the use of photographic stills dominates archaeological i
Modern archaeology deals not only with creating frozen images of the past, but al
understanding the variety of dynamic processes thaidmagal. While some processes in
societies took generations to occur, others happened within the blink of an eye. The €
of the latter are frequently related to studies of how material culture was created, and
recreated through experintsn

All such cases demand very scrupulous documentation of the process. Especially so, il
the reenacted phenomena appeared very fast. Even less dynamic events may not nec
well understood when observed in real time. Such problems caedttewdth by introducin
methods that have already been in frequent use in industrial experiments or sports ¢
slow motion videography. This used to require expensive equipment but now such im
possible with some consumer grade digital cam@nr smartphones, therefore becoming e
accessible to archaeologists. It is perfect for documenting phenomena, for instance r
material endurance or improving the understanding of stone tool making gestures. Su
recordings provide cerita characteristics that facilitate adequate, reflective percepti
experiment, but <@aFreoduptodvcdeas witilbyc
which are suitable for dissemination among popular audiences.

Tiina Vare, Jaakko Niinimaki, Milton Nufiez, Markku Niskanen, Sanna Lipkin, Sirpa
Niinimaki, Matti Heino, Annemari Tranberg, Rosa Vilkama, Saara Tuovinen, Timo
Ylimaunu, Titta Kallio Seppé, Juho Antti Junno

Virtual excavation of burials utilizing Computed Tomography ingang

We utilize computed tomography (CT) imaging to study naturally mummified rema
individuals buried beneath Northern Finnish churches during the early modern
Otherwise human remains seldom survive in the acid soil of the region.

Our aim is to determine their physical measurements and pathological lesions tc
information about their living conditions by using diagnostic software of the CT sce
Since the future preservation of the remains is uncertain, a further aimaisséss the
preservation and save the physical attributes of the mummified remains in digita
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Moreover, these methods allow us to perform repeatetim@ntional, layeby-layer
dissections not only of the human remains but also of the burialsitesseiVe are also able
gather information about burial materidlssuch as the coffin itself as well as the text
ornaments, plant elements and other accessories sealed ifisigighibut harming this unigt
heritage. In a sense, the examinatiomctions as a virtual, repeatable and -movasive
archaeological excavation. Prior to this project we had already utilized pQCT (pet
quantitative computed tomography) and CT scanning in osteological method developn
other studies of bone nmtal. Although CT imaging is widely used in the researc
mummified human remains, this is the first such study on naturally mummified indiv
from Finland. Additionally, the examination of the artefacts associated with the burials
via CT imaing is somewhat of a novelty. It is for instance possible to study preservatiol
and quality of textiles using exclusively CT images. The project was initiated in 2011
CT study (64slice CT scanner, Discovery 690, General Electric MedicaleByst Milwaukee
WI, USA) of the mummified remains of a 17th century Northern Finnish vicar. This pilot
proved CT imaging to be a useful method in reconstructing past lives of people fr
northern periphery of Europe. More recently the coffins@fen sutadult individuals wer
imaged using updated hardware (2xEl8e dualenergy CTscanner, Somatom Definiti
Flash, Siemens Healthcare, Erlangen, Germany). Studies focusing on their anthropome
burial textiles are on their way and evemdechronological analyses of the wooden co
may be possible.

Thom Corah, Douglas Cawthorne

Driving Engagement in Heritage Sites Using Personal Mobile Technolc

In a recent UK Arts and Humanities Research Council (AHR@péd project research
from De Montfort University, the University of Nottingham and the University of Durham
collaborated with two community heritage groups to produce two innovative new mobil
The project and the apps are intended to addgragticular issues surrounding the use of m
digital technologies for cproduction of community heritage interpretation in commt
archaeology and to examine how the explanatory and interrogatory potential of mobile
software can be used tailll community led interpretive paradigms for post excav:
analysis, presentation and education in community archaeology projects.

The use of smartphone and tablet devices has been growing significantly over the |
years and is now becoming mar@mmon in heritage and museum settings.

The aim is often to further develop public engagement with tangible and intangible «
heritage, explain and explore existing information about artefacts, sites and cultures an
new information in engagg, accessible and meaningful ways to a range of audit
Community archaeology groups are becoming alert to this trend and wish to engage wi
particularly for 3D exploration of built archaeology and the artefacts associated with
posesa number of challenges to these aims that differ from those for artefacts and docu
museum settings alone. It also poses contextual challenges in relation to specific ar
engaged user groups like community archaeologists.

This paper descrilsethe completed apps which have been designed to address some
unique challenges of interpreting and exploring 3D digitally reconstructed historic buildi
mobile platforms for community archaeology and heritage groups. Concepts underly
design and implementation of the apps are addressed and examples of their use in tw
archaeological projects in England are described; a Roman bath house in Northumbet
an historic urban fabric in Southwell, Nottinghamshire. The paper $esuspon paradigr
adopted for visualisation and exploration and also upon thebastéd management meth
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developed to allow the community heritage groups themselves to upload, interpret anc
their own data and media in relation to the 3D visa#iti;:is of the buildings in the apps anc
doing so take substantive control of the interpretation of the archaeology they are i
with. This rich, community produced media content such as documents, images ant
forms a persuasive body of con#ig evolving evidence and knowledge which distinguit
this innovative approach from many other 3D visualisations of historic buildings on |
devices. The paper concludes with observations on the use of the apps by the grou
particular upontie user experience, changes in the focus, strategy and thought prompte
of the apps and on their effect upon wider public engagement.

Cynthia Mascione, Luca Passalacqua, Rossella Pansini

Integrated methodologies for the reconstction of the ancient city o
Lixus (Morocco)

In 201012 the University of Siena, in collaboration with the INSAP (Institut Nationa
Sciences de I'Archéologie et du Patrimoine) and the University Moham8duissi of Raba
carried out an almeological project in Lixus (Larache), one of the most important cent
antigue Morocco. The site lies on a hill over the Loukkos river estuary. It was inhabit
continuously, between the Vlicentury BC and the XiKIll " century AD. The cityarea wa
first investigated in the XI® century and under the Spanish Protectorate in Morocco {
56). In recent years, other archaeological expeditions were led by the University of \
and the INSAP. Previous research brought to light severdicpulyivate and productiv
structures. Among these, thetariaequarter is howadays the largest fish processing cor
of the Roman Empire. The topography of Lixus was documented by some aerial
produced by a photogrammetric survey realised B618nd by some building plans.

Our research strategy aimed at integrating different techniques and methods:

- acquisition and study of relevant documentation, both in published and archival re
- geophysical prospections of unexceaehareas,

- topographical survey of emerging structures,

- DGPS survey,

- 2D and 3D lanébased and aerial photogrammetry,

- survey and analysis of the archaeological stratification and building techniques
city walls,

- analysis of the diachronical urban evolution of a quarter located on the eastern
the hill, close to the supposémum

All the data were managed in CAD environment and then transferred on a GIS platform

This multidisciplinary appach produced a great amount of data, that led to the revis
Lixus urban plan and the definition of the historical and archaeological evolution of tl
walls and of the eastern slope quarter.

Anais Guill em, Dejan Verani/|l, Roko Zarn
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UNESCO World heritage serial property Prehistoric Pile Dwellin
around the Alps, Monitoring of pile dwelling near Ig, in Ljubljana Mars
Nature Park with photogrammetry and BIM approach.

The serial of Prehistoric Pile Dwellings around #ips comrises a selection of 111 oul
about 1000 known archaeological pideelling sites in six countries around the A
(Switzerland, Austria, France, Germany, Italy and Slovenia). In Slovenia, Ljubljana
clusters forty pile dwellings, dating fn@ 4600 BC to around 1600 BC. Only a part of the
had been excavated until now. The results show us the early agrarian societies in in
with their environment during the neolithic and bronze Ages. In the case of prehisto
dwellings, the monitoring of the sites is crucial to ensure the continuing integrity
authenticity of the sites and their contexts. In prehistory area of Ljubljana marsh was
with lake. Now a mosaic of different habitats provides living space for many, ing
vulnerable and endangered, species. Ljubljana marsh is a natural protected areaad
pile dwellings in Ig, a monument of national importance.

When we talk about the remains of pile dwellimgsituwe think of the cultural layers crea
during the formation, use and decay of the settlements. Extremely well preserved
material is a specificity of these archaeological sites. They were preserved due to the
presence of water, absence of oxygen, and consequently low activitigrobrganisms. Th
constant presence of water is therefore crucial for pile dwellings to remain intac
dwellings in lakes are threatened by erosion and water transportation. The result:
monitoring of groundwater levels with piezometers in Ljuba na mar s h an«
indicates that the cultural layer is not currently threatened. But river erosion is a p
danger: there are reports of several endangered sites and presently we lack basic mon
the identification of currarerosion.

This paper proposes a protocol of pile dwelling monitoring. Its location in a marshiathé
river bed makes it vulnerable to water erosion and limits the possibilities of monitorin
traditional techniques. Our protocol uses photogramyret technical survey for its accuri
and its relative ease of use in the work field. Non accessible on foot, the different photc
campaigns have to be carried out from the channel aboard a cannoe. Data protessimg
segmentation, semantiorchment, should lead to the integration of data in a BIM sys
The comparison ofhe different data sets will result in a quantitative and qualitative analy
erosion of the pilelwelling site in a year. This protocol is tested to be appliedeartonitoring
of all pile-dwelling sites to facilitatemanagement both in terms of research and protectio
to support the interpretation of sites.

56



SESSION 2B
INTEGRATING 3D DATA
FROM FIELD ARCHAEOLOGY




Authors

Title

Abstract

Authors

Title

Abstract

Authors

Title

Maria Doriana De Padova

Re-shaping the excavation The use of Computer Vision to bring back
life everyday tools and burial contexts

Since a Areconst r uc twayto dnterpret archacological excavatit
small finds and bones, Computer Vision toate considered the best way to bring them
to life after an-obviously destructive excavation. Given different interpretations by diffe
people working offield, traditional techniques are no more that objective and need
integrated with advared technological Hfield tools, creating opportunities to visualize .
interpret ancient contexts and possibilities to evaluate small features both in everyday t
in human bones. Features of the stone furnishings under analysis were acquig
Computer Vision methodologies and processed with MeshLab. The present project ¢
using Computer Vision potential to evaluate and analyse, in anmasive way, mediev
artefacts, their function, as well as tiny marks in human bones, applyerg it meshes so
to inspect small features, the real artifact shape, and to take actual measurements. Tt
permits to compare them with similar objects found in the same context, providing a n
of -sfiraepi ngd t he e x c ater@mdtatioosrandttchaaquidk, chedp @nd efte
way of comparison of more similar objects excavated throughout many years in differt
campaigns. Acquiring several -tgirme®,s @a
them, connecting them thi furnishings found in houses and workshops helps reconstru
perfect timeline and finding in the end a strict connection between dead bodies and ¢
space belonging to alive people.

Roosje de Leeuwe

Integration of 3D scans, photogrammetry and Total Station data
forensic archaeological case work

In the Netherlands Forensic Archaeology is an archaeological discipline applied tc
scenes, specifically those with buried or scattered human remains or burieds.oBg
discipline it is positioned within the Netherlands Forensic Institute (NFI). Crime scene \
a cooperation between various disciplines, where a forensic archaeologist works toge!
the visualization team of the National Police Corps. Tismalization team makes 3D sc
and record parts of the crime scene with a Total Station. Afterwards, the 3D scans a
Station data is integrated by the forensic archaeologist in GIS with other (by me
photogrammetry) recorded data, such asectdid evidence. The results presented in the
report clarifies the situation at the crime scene. This helps for example tactical police of
test a scenario or it helps a judge to understand and reconstruct the actions of a pery
the crime scene. By means of several case examples the practical integration of 3l
photogrammetry and Total Station data in GIS will be explained.

Katie Simon, Eileen Ernenwein, Chistopher Angel, Christine Markussen

Integrating remotely sensed surface and subsurface data in th
dimensions for a new look at old spaces
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Over the past century, traditional field surveys and excavations in Petra, Jorde
contributed greatly to a wider understanding of Nabataean materialteetute, society, ar
spaces. Recent implementations of arepephysical methods are proving to supplement
evergrowing body of research successfully. Our recent ground penetrating radar and t¢
laser scanning surveys at the Monastery-Dedl) in Petra have had similar success
identifying new features that have previously gone undetected. Individually, each

yielded interesting datasets about the Monastery providing new insights about this el
facade. On their own, single meth approaches are often limited to either surface
terrestrial and airborne lidar) or sshbrface (volumetric GPR or 2.5 dimensional geophy
imagery) spatial data types at scales specific to the each individual datasetspediie
scales. Raltionships between datasets remain unexplored and limited attention is paid
greater context and the complex sespatial landscapes of Petra. By amalgamating

approaches through data fusion in a single visualization, we explore the pdterglidviating
these limitations by implementing an integrative methodology that considers the
dimensional (surface/stdurface), mutlisensor, and muigcalar datasets of the Monast
within broader temporal/cultural/physical soapatial landsapes of Nabataean Petra .

Arian Goren, Kay Kohimeyer, Thomas Bremer, Susanne Brandhorst, Arie KaiBrowne,
Alexander Hennig, Felix Balda, David Strippgen, Sebastian Plesch

Past progressive: Interacting with simulated archaeological asset

As cooperating interdisciplinarily gradually becomes the core of many archaeological
integrating data from multiple and diverse sources is seen as an indispensable compon
work pipeline. Digital and 3D data are common commb®ieén archaeological informati
databases, however expectations regarding their employment steadily rise beyond the
as aids in passive visual representations. The rapid progressiimeaéndering software a
more accessible computationgower enables to assemble 2D and 3D -data intc
comprehensive repositories faster and more efficiently. Furthermore, through manipul
3D simulation and gaméesign techniques those integrated d&tts (re)gain relevance in 1
process of intermting archaeological contexts.

Retaining high level of details and geometric relations of a complex scene while recc
inherent variations in the scale, format, and resolution of input data (ranging from 2D
field recordings to satellite imaggripas been already successfully achieved in the simu
of the Temple of the Storm God of Aleppo, realised by the interdisciplinary w
groupVirtual Archaeologyproject The current focus of the working group is aimec
evaluating the potential airtual reality platforms in interpretative archaeological applicat
to be tested through continuous adjustment of definition and functionality of interfaces
simulated spaces. Re@he interaction with a modelled space and its assets, and I
collaborative scientific work can take place within a single simulated space. Admin
through advanced interfaces and supported by dynamic data inpinafigtesting of resear
objectives, evaluating suggested reconstruction, or (re)interprateftaeological records
made available.

These exiting new measures, presented in this talk through an exemplary work
demonstrate the considerable potential of-tmaé¢ virtual environments as effective tools
integrating diverse data sousceto the archaeological toolbox, and as means-tbimk anc
re-assemble interpretation of archaeological scenarios.
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Loes Opgenhaffen, Martina Revello Lami

Pottery goes digital. 3D laser scanning technology and the study
archaeolgyical ceramics.

Over the last fifteen years, thrd@mensional digitization has been successfully used fc
study and preservation of a wide range of cultural heritage objects, from architecture t
monuments, from archaeological arfato precious manuscripts. Most frequently bro
into play for documentation purposes, 3D scanning systems are highly precise mea:
tools, which provide a high quality, higksolution threel i me nsi onal ar c
surface topographyHowever, the possibilities offered by 3D scanning technologies ha
been fully explored in archaeological research so far, where these systems have bee
used in order to speed up the traditional practice of visual recording and to build ad
classifications and typologies. Pottery studies, in particular, have paid greater attentic
development of increasingly sophisticated methods for deducing from 3D scanner outy
accurate and representative profiles of complete ceramic vesselell as small fragmen
largely overlooking other promising applications.

To bridge this gap, we will present the preliminary results of a pilot study carried
consistent bodies of pottery, spanning from the Iron Age to the Mid Republican,piei
which systematic ceramic analyses have been coupled with 3D scanning technolo
means of this integrated approach, we aim at demonstrating that the full potentia
scanning technology applied to archaeological ceramics goes way beyondhte
documentation procedurefn receiving the complete account of surface geometry, textui
volume, 3D models enable to determine vessels capacity, calculate the density of
material and virtually assemble dislocated fragments. More importahtieedimensions
models provide additional information on the very process of making a pot, shedding
manufacturing methods, technological c |
recording of surface topographies can lead taemaccurate analysis of features sucl
grooves, spiral ridges and cracks, commonly examined to assess different shaping te
(wheel throwing, moulding, cebuilding). Likewise, 3D models may establish diffel
degrees of variability in the morplogiical attributes of a ceramic assemblage, contribi
therefore to trace scale and intensity of pottery production.
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Sorin Hermon, Franco Niccolucci

The problem with simpl(istic) fundamental concepts in archaeology ¢
their formal representation in a digital environmenti the case o
ifarchaeological sitebo

fMArchaeol ogi cal sitedo is elnuwseddaefms inlamy scenoti
publication of the Archaeology domain and yet, there are surprisingly very little atter
trying to properly define and describe it. There are even fewer discussions on the
finegativeodo i mpa aterbaséd datdbasesudgitaldextadscrigtions) gnow
repositories, et c. on our wunderstandi ng¢
term returns an interesting conclusion: an archaeological site becomes into existence ¢
a formal archaeological activity (survey or excavation) in a given geographical

Consequentl vy, it is clear that an HfAar c|
they match (and what is the accuracy of this matching) with the excavasdanae thei
flannexesod (possibly unexcavated but i d

the human occupation in the area extends ovademtified borders. An attempt to provid:
solution to this challenge was to estimate extensiaite$ according to density distribution
artefacts or observed features. Another dilemma regards the temporal borc
ffarchaeol btgacad B8sikeed accommodate only
l ong one may consi am?), omamulfiple ®coupatiens efovarisus ty
intensities and socio/cultural natures? There are further, known problems, in
representation of archaeological sites (e.g. GIS maps), in particular related to scale is
boundaries, issues whicire yet to be solved in a formal manner. The situation ft
aggravates when when heterogeneous datasets and digital repositories are integrat
large research environments. Solutions proposed by the Semantic Web technologies
harmonizatn of terms and vocabularies does not offer a proper solution to the above.

proposing i nst-eamdsta utor mab dfle the ter
components within the frame of CIDGCRM. Thus, the attributes describing
fi ar clhoageioc a | siteo wildl be formally de:

properties and relations. These can be: method of discovery (coming into being), natt
geographical extension and how it was determined, temporal boundaries, typeaiefsfeai
soci al activity, et c. Thus, the essent
attributes and, consequently, the integration of the term within large research envira
connecting countries, languages and conceptual differemdésbe obtained through tt
harmonization proposed by the CIDE@EZRM, assuming of course that in due time all ¢
datasets will have a CRM layer embedded within them.
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Nikolaos A Kazakis, Nestor C Tsirliganis

Scientific Datasets in Arbaeological Research

The aim of archaeology is the understanding of humankind. A further objective
reconstruction of the lifeways of the people through the material remains of past soci
this endeavour the recent years, archaeolatgracts increasingly with natural sciences
informatics to take advantage of the possibilities they offer and reduce the subjective
The combined information from the various scientific disciplines allows the investigat
theories and imrpretations that shed light on the human past and environment.

The recreation of the material culture reveals the social, political, economic and c
structure and evolution of ancient societies as well as their interactions within sites or
Ceramic artifacts, usually pottery, are a simple and convenient means for this purpos
their abundance in excavation sites, their resistance to erosion, easy transportability a
functions. They represent also a sophisticated merging of $epdoanains of hume
knowledge and experience.

Provenanceof ceramics, namely seeking an answer to the question of where the artifac
produced, is a vital point in archaeological studies, since it illuminates various aspect
civilization that produced them, such as their technological level, cultural contact
economic interactions between communities in a broader area.

Provenance studies of ceramic objects constitute one of the best examples of the joint
various sciences, such ashemistry, physics, petrography, geology, mathematics
informatics in the archaeological research. Using analytical methods several measurer
conducted to determine the chemical composition, physicochemical properties and str
the materis along with the morphology and the physicochemical parameters of the exc
environment. The above, in conjunction with their statistical processing, result
production of numerous importastientific datawh i ¢ h r e p r e dirgergrintba
each artifact which shall shed light on their (common) provenance, since f
variationsbetweersources should be greater theithin sources.

All the information extracted from the materials using advanced scientific methods [
data, whichdo not merely serve as tools for answering individual archaeological questic
also allow the complete scientific documentation of the artifacts and the creation ¢
scientific reference datasets. These datasets include data of various farmatsutmber:
spectra, charts) and types (e.g. raw data, calculation results), while their metad:
experimental method, instrumentation, date) are essential for their evaluation and con
use, especially when comparisons are attempted.

Significance of such datasets is further enhanced when they conform to a formal stan
structure, like CIDOC CRM, that provides a common and extensible semantic framew
any cultural heritage information can be mapped to. Such a modeling of infommalliassur:
the credibility and durability of a scientific database, since it would encompass ol
necessary data and metadata devoid of any excessive information, which along w
interdisciplinary character should contribute to the buildofgan integral archaeologic
research infrastructure.

The present work provides an overview of the recent trends in provenience studies and
certain case studies that illustrate best practices in the field.
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Gisli Palsson

From Site to SEAD: bridging the gaps between fieldwork, laboratc
analysis and online archiving

Archaeologists working in the North Atlantic, like in so many other regions face a de
backlog of poorly integrated datasets. These data, fuellecarge Imultinational resear
projects and rescue excavations,

There are particular issues associated with integrating these datasets. The majority of
projects in the North Atlantic are either primarily concerned with environmental data or |
reliant on palaeoenvironmental analysis. The datasets for environmental proxies ar
integrated, however, and neither are the qgasavation lab results consistently linked bac
the fieldwork archives. The main dating method of Icelandic archggotephrachronoloc
also offers great potential in consistently phasing sites, but comparing sites be
tephrochronology currently needs a great deal of manual work.

To address some of these Issues | have begun developing a software applicatibofasy
PhD. that aims to simplify the archiving and integration of existing and future archaec
data. The application is based on the following principles:

- An easyto-use normalised data entry where a stratigraphic unit table acts as a cenuat
for the integration of all additional work associated with an excavation. A postgreSQL st
with a PostGIS component where all elements are related back to the context definition:

- Harris Matrix relational logic allowing for an automatic genieraof matrix diagrams.
- Chronological phasing based on the Harris Matrix logic.

- Links to existing online Cyberinfrastructure to ensure simple online archiving oraapen
platforms. The application is tied to the Strategic Environmental Databage.¢ead.se) ar
uses the data ontology developed by the SEAD project. The application will also be li
Tephrabase (www.tephrabase.org), providing a range of information about tephras 1
excavations as well as adding to the knowledge of tewerage in Iceland.

This presentation will cover some of the issues related to North Atlantic archaeologic
and illustrate the potential uses of the software tools described above.

Keith May, Ceri Binding

Paths through the Labyrinh: Finding ways to express data from differir
archaeological recording methodologies to enable cressarch and reuse

The increasing opportunities for better data integration of datasets from multiple archae
investigations and reusingdacy data to inform current research or future investigation:
key driver for a number of initiatives undertaken by staff at English Heritage (soon to |
known Historic England).

Initial work was carried out to model the archaeological procegadertaken by Englis
Heritage archaeological recording teams using the CIDOC CRM ontology to explicitly €
the conceptual relationships between archaeological records regardless of the actual
system used to hold those records.
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This conceptua modelling was based on the widely adopted archaeological rec
methodology- single context recording used by English Heritage and most commonl
other archaeological organisations across the UK. Those archaeological extensions o
CRM havebecome known and implemented as the CRMI(Tudhope et al. 2011).

More recent work under the ARIADNE FP7 project (http://www.ariaohfi@structure.eu/) h:
explored the requirement to model the integration of data from a range of different d
acress Europe that have been recorded using sometimes quite differing archae
recording methodologies. This has led to aexamination of the CRMEH modelling tc
understand where the key elements for integrating Single Context Recording witl
archaeological methodologies should be made. This work has led to a new set of CIDO
extensions known as CRMarchaeo (2014) that has been modelled with the intention
able to integrate a broader range of archaeological data recorded using déferavtiol
processes along with single context recording data. In particular the aim under ARIAD?!
enable greater integration reuse and eeessch of 'legacy' data along with new excav:
results from across Europe.

This paper will examine somef dhe work and thinking that has gone into the
CRMarchaeo modelling, based on lessons learned from implementing-EERIEINd will
discuss some key elements of expressing the archaeological conceptual relationships
the data that can be made uséytemantic technologies.

Angela Trentacoste, Sarah Whitcher Kansa, Eric C. Kansa, Anthony Tuck

Linked Open Data in the Etruscan World: A Zooarchaeology Case Stuc

We present the results of collaborative data publicatiorisréipsesent the first step in mak
the archaeology of the Etruscan world open for comparative analysis and reuse. Our .
centers on integrating increasingly mature Web technologies, especially Linked Ope
into scholarly communications and pishing practices. As a starting point, this pro
brought together zooarchaeological datasets from Poggio Civitate, Poggioa@dllBorcellc
spanning the 8th3rd centuries BCE. We published the faunal data in Open Ci
(opencontext.org), an op@ccess data sharing platform that adds value to the datasets"
editorial processes and Linked Data annotation referencing relevant Web datastc
ontologies including the Encyclopedia of Life (biological taxa), UBERON (for anato
entities), ad more specialized vocabularies for osteometrics and age characterization.

examples of how this approach to the comprehensive publication of datasets helps u:
research questions and observe patterns not possible with-sitlegéessemblage Our result
demonstrate the power of data publication and annotation in improving the intelligibili
usefulness of datasets, and making them useful to a wider research community
archaeology. We propose this approach as a starting pointatel dur colleagues workit
with Etruscan materials to build on this work to create a comprehensive body of open
Etruscan studies.
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Stephen Stead, Dominic Oldman, Jonathan Whitson Cloud

Exploring inferences, time and space irthe annotation of museur
catalogues: The Sloane catalogues

Modern digital museum catalogues differ from historic manual catalogues in that the
boundary is virtual, in the digital and physically on the page, for the manual. The histbe
edits in digital systems can only be determined if the change history is explicitly record
periodic snapshots of the data are preserved (although this only gives periodic aggre
edits). In contrast the pre and post edit states of eachretlannotation are visible on the p
in a physical catalogue volume. Card index systems vary in their completeness in this
as in some circumstances the card is replaced rather than updated. This has the
producing an aggregate of eisimilar to a periodic digital snapshot.

Within the catalogue entries there are many possible interpretations of the use of geoi
place names. For instance they can refer to the place of manufacture, the region of
place of collection, theegion of a particular culture or the origin of the manufacturer.
such interpretation has a different semantic meaning and consequently a different me
the CIDOC Conceptual Reference Model (CIDGBM).

Similarly dates and other temporal appttins can have many meanings: date of manufa
date of collection, date of accession into the museum, date of record compilation and/o
or significant dates in the history or provenance of the object. Again these different m
have diffeent mappings to the CIDOGCRM.

In addition to these content elements, there are spatial and temporal relationships bet
catalogue entries and annotations in historic manual catalogues and between annotatio
index systems. These too havetjgatar mappings to the CIDGCRM.

This paper continues the work on these different CIBERM mappings in the context
catalogues of the Sloane collection. In particular it will look at harnessing theuparkthe
entries and annotations to allow thecdmentation of inferences made from them.

Maria Theodoridou, Martin Doerr, Edeltraud Aspéck, Anja Masur

Mapping archaeological databases to CIDOCRM

The exponential growth of the Web and the availability of large numbergdélddataset
revealed the need for integrated access to heterogeneous and autonomous data soul
Cultural Heritage domain, ARIADNE, an FRNFRASTRUCTURES20121 EU projec
(Grant agreement no: 313193), brings together and integrates existireg@logical resear
data infrastructures so that researchers can use the various distributed datasets anc
powerful technologies as an integral component of the archaeological research method

The primary role of the CIDOCRM (ISO 21127:006) is to enable information exchar
and integration between heterogeneous sources of cultural heritage information.-CRM
was chosen as a good starting point for
ontology for deep integration ofisatific and culturahistorical evidence and facts.

There is an ongoing effort in ARIADNE to systematically provide sample mappings 1
most relevant types of archaeological data sets and in this context several mapping
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were initiated tring to convert existing schemata of archaeological data to CHORM anc
its extensions.

In this paper we will present the collaborative work between FORTH and OEAW d¢
mappings of two archaeological databases to CIDOC CRM. The mapping of dFditR@le
Fundmiinzen der Rémischen Zeit in Osterrgich)relational database of PReman an
Roman Imperial period coinfound in Austria and Romania, presents an interesting use ¢
relational database mapping where there is need to address and dephratgtegorical ar
factual information. We introduce two specialized relations in order to support cate
production, similar to relations used in the FRBR model. The mappin@radferfelc
FranzhauserKokoron a database of 400 Late Bronze Age a@atom graves fror
Franzhause#okoron, Austria, with about 3800 records, serves as a test case for the |
developed CRMarchaeo. CRMarchaeo is an extension of CHORK to suppot
archaeological excavations and allows for a common representatiochatalogical recorc
and survey data, widely independent of local methodology. The two main concepts
CRMarchaed Al Excavation Process UrandA8 Stratigraphic Unif will be introduced an
the importance of conceptually separating past activiitien present archaeological activit
and interpretations will be demonstrated.

For the mapping definition we used X3ML, an XML based language which describes
mappings in such a way that they can be collaboratively created and discussed by Ea
further facilitate the mapping process we have implemented the Mapping Memory Man.
editor for creating X3ML definitions which is also presented in this paper. Links:

http://www.oeaw.ac.at/numismatik/projekte/dfmroe/dfmroe.html

http://epub.oeawac.at/franzhausen
kokoron2/ http://www.ics.forth.gr/isl/ CRMext/CRMarchaeo.rdfs

http://www.ics.forth.gr/isl/3M

Ceri Binding, Douglas Tudhope

Connecting ARIADNE vocabularis for data integration and cross searc

The ARIADNE project [1] involves multiple data providers having multiple data sets, in
using multiple controlled vocabularies in multiple languages. The project does not
replace existing archalgical data repositories, but rather to consolidate their metad
order to facilitate cross search. There is therefore a need for some form of common g
enable effective data integration; however it would clearly be unreasonable to exp&@\ve
domainrwide agreement on adoption of any single database schema or controlled termir

In the course of previous Knowledge Organization projects undertaken by University o
Wales (STAR/STELLAR/SENESCHAL) [2] we have addressed issues afthenconversio
of archaeological datasets and their associated controlled vocabulary resources to semr
formats, making them available online for searching and browsing. One key issue that
was the fragmented nature of the various controlledabularies in use. In an ideal wc
conceptual knowledge about the archaeology domain would not be split and duplicate
modern territorial / political / organizational boundaries, but in the real world this is ine
often the case. Local vabularies are created for the purposes of controlled indexing o
resources to aid subsequent retrieval, but perhaps having less regard to any issues
integrationi so no formal semantic links exist between these vocabularies. Any projeiciy
to implement such wider integration must tackle this issue to achieve data interoperabili
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The creation of mappings between local vocabularies can provide a mediating plat
enable cross search; however the number of possible direct links betgewalent item
originating from different vocabularies can quickly become unmanageable as the nu
vocabularies increases. A more efficient and scalable approach would be the adopti
intermediate structure onto which concepts from eachl le@eabulary may be mapped.
search on a concept originating from any one vocabulary can then utilise this mi
mechanism to route through to concepts originating from any of the other vocab
possibly expressed in multiple languages.

An explomatory exercise for the ARIADNE project was undertaken to demonstrate the u
this approach. The pclyierarchical structure of the Getty Art & Architecture Thesa
(AAT) [3] was extracted for use as an example mediating structure to intercorameais
multilingual vocabularies originating from ARIADNE data providers. Vocabulary resc
were first converted to a common conebpsed format (SKOS) [4] and the concepts were
manually mapped to nodes of the extracted AAT structure using sadgenjent on th
meaning of terms and scope notes. The overall composite structure could then be quer;

The exercise demonstrated an effective method by which cross search could be achie
multiple multilingual vocabularies using such a mediatingcstire, with a significant add
benefit of introducing semantic expansion to potentially improve recall without aff
precision. The search results obtained can then be used to find related archaeologica
records from throughout the ARIADNEath. In the next stages larger scale mappings w
produced, to be published in the ARIADNE repository.

Matteo Dellepiane, Federico Ponchio, Marco Callieri, Roberto Scopigno

Ariadne media service: easy publishing of advanced visual diee for
archeological databases

One of the goals of the EC I nfra AARI A
number of digital services for the archaeological community, which will be integrated
ARIADNE web portal.

Ariadne media service

Ariadne media service

Create your online showcase for 3d models, images and RTI

g 3D models L3 RTI images Cal High-resolution images

jes (called Reflection
Polynomeal Texture May
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The ARIADNE Media Service is aimed at providing support for the easy publicatio
presentation on the web of complex media assets. The idea is to build an automatic sel
of transforming any media file uploaded by ARIADNE archives managers into a ftrai
will allow easy and efficient access and remote visualization on the web. The service
on a simple web interface and supports three types of visual mediacekmhtion image:
RTI (Reflection Transformation Images), and higisolution 3Dmodels.

These types of media are not easy to show on the web, because their visualization ma
download the entire file, and possibly select/install dedicated software. Moreover, the @
high quality data may prefer not to give the possibtiityisitors to freely download them,
order to protect the ownership of the data.

After accessing the service, the user finds a simple web form that allows to upload its ¢
(3D model, hires image or RTI) and to provide some basic information aheumedia. Th
service processes the input data in an automatic way and creates an online page. At i
the processing step, the user receives an email containing a link to the visualizati
(hosted on the Ariadne wedervice and open to anyternal user) and to an admin page, w
the associated data can be modified. It is also possible to download the created page (
+ processed 3D Model or image) in order to integrate the content on the user local ¢
archive.

In the case of B models, the geometry is processed, converting a possible complex 3C
into a multiresolution format (Nexubftp://vcg.isti.cnr.it/nexu$. This multiresolution structu
is streamingfriendly, and is used to create a visualization webpage usinghgresentatio
tool (3DHOP http://www.3dhop.net) based on WebGL and developed by-CGNR

Analogously, also high resolution images are transformed into a-mesdtiution formai
supporting progressive streaming; the service transforms each image it-@mwaian
format: similarly to Google maps, the higésolution image will be regularly divided in chui
and a hierarchy of images at different resolution is produced from these chunks;
rendering webpage is created where it will be possibleatdagate the model in a Web(
frame.

RTI are managed similarly to-hés images, even if the encoding for the web streaming i
more complex, and WebGL rendering also takes care of the input and calculatior
variablelighting.
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With this séup, even naive users can easily create an efficient webpage to display com
or 3D content. Alternatively, for more experienced users, these basic webpage ma
starting point for the development of more complex visualization, or for the ititegod thes:
visualization inside existing websites, taking advantage of the features of the 3DHOP |
(www.3dhop.néet

Finally, the data structures for remote visualization (rRmekblution for 3D models, ima
pyramids for images and RTI web enlg) protects the original data, since a direct dowr
of the multimedia file in a single plain format is not possible.

The Ariadne Media Service represents a first step towards a full integration of visual n
the context of archeological datasets

Fabrizio Galeazzi, Marco Callieri, Matteo Dellepiane, Roberto Scopigno, Julian Richard.

ADS 3D viewer: a wetbased dynamic working environment for archivi
3D data

The advancement of web technology has caused a shiftaxfigar in the use of the web. It
no longer simply a way to search for data in repositories, download and open it on a k
Instead it is a worenabled platform where data can be explored dynamically and used 1
analysis and interpretation datly within the web browser.

In the framework of the ARIADNE European project and a M@&ueie fellowship, we ai
working to implement a webased working environment (ADS 3D Viewer), on top o
existing and well known repository of archaeological datahaeology Data Service (ADS)
UK-based cybemfrastructure hosted at the University of York. Starting from the ADS pi
archives, we have extended the wmsed project browsing functionality with dynal
visualization of the available data. Sinthe granularity of the data preserved in the repo:
is at object level, we firstly implemented an automatic 3D model viewer to explore the
model in its own repository page. This exploits another service developed in the AR
project, the Aiadne Media Service, which automates the creation ofhesked 3D viewel
using the 3DHOP tool (http://veg.isti.cnr.it/3dhop/).

The ADS 3D Viewer project aims to allow the user to browse 3D geometry usingpke
trackball directly in the webpage contizig all the information related to the digital mo
Researchers can measure the 3D model and, using a "share view" feature, save and
current settings of the 3D viewer (vie\
vi ewo flehelp scholars e share their personal visual exploration and analysis
3D model on the web. Simple as they may seem, these features are nevertheless
directly use the 3D models in the repository without having to download them al
spedalized 3D software.

The second aim of the project is to create a viewer for a very specific kind of "aggregate
overcoming the object level granularity of the data in the repository. We chose to devel
viewer for the exploration of archaeologl stratigraphic dataBefore the development
ADS 3D Viewer the repository stored the 3D models of each stratigraphic unit as
objects, without the possibility to explore their spatial and temporal relationship. The A
Viewer aggregates theifferent geometric layers in a single 3D environment, where the
may turn layers on and off according to different patterns (single layer, all layers und
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one, two layer comparison, etc.), control their transparency, and explore the layemestrg
using a specialized trackball. The tool offers the same measuring and "share view" fe
the single object, but also the possibility to select hyperlinks that provide extra informa
all the features contained in the layer (i.e. text,up&s, stratigraphic unit sheet, etc.).

While this second viewer is still under development, we believe the final version will rej
a usable and useful instrument for the remote, collaborative study of complex archae
datasets, and promote dission between scholars.
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Philipp Gerth, Sebastian Cuy

Connecting Cultural Heritage Data: The Syrian Heritage Project in tl
IT infrastructure of the German Archaetogical Institute

The ongoing armed conflict in Syria has led not only to a humanitarian disaster, t
threatened the rich cultural heritage of Syria. As an active involvement is not possibl
moment, the German Archaeological InsgtUDAI) in cooperation with the Museum -
Islamic Art Berlin and the German Foreign Office have started the Syrian Heritage /
Project in November 2013. Its aim is to create an extensive systematic documentatiol
from the various available sa@ that can be used to support preservation and reconst
and also helps to prevent illegal trade. One major challange posed in that proj
integrating the various types of research data generated by archaeological, art histo
architectual history projects in order to create a comprehensive national regis
archaeological site
In the past years the DAI was able to implement applications and web services for
domains and types of data relevant for archaeological studiesnlyadid using these existir
Systems in the Syrian Heritage Project ensure sustainability. The open application inte
the applications allowed us to aggregate the heterogeneous research data like excavi
texts, archives, cadastral plansstborical maps, etc. and to present them in a unified

interface. Especially the DAI &6s resour
this enterprise. On the on hand the ¢
information accesi bl e, while on the other hand

connect the different resources within the DAI infrastructure and also acts as a gat
Linked Data cloud by establishing links to existing resources like Pleiades, Pelag
geonames. Thus users can not only view all data collected in the project but also to
resulting application as a starting point for further research into other systems.

Karsten Tolle, David Wigg-Wolf

How to move from Relational td.inked Open Data 5 Staii a numismatic
example

In our database solutiodntike Fundmiinzen EurogAFE), where we record finds of ancis
coins, we want to preserve as much information as possithis. also includes containme
of possible cai types, or marking attributes of a coin as uncertain if the exact value car
assured. As many others our backeisgstem is based on a traditional relational date
(MySQL). In order to become a Linked Open Data 5 Star, we mapped our dateetert
ontologies from Nomisma.org, Dublin Core, SKOS and othBesides providing these date
others, we also benefit from the new ability to view our relational data in a totally di
way, by loading the data back to a graph database.

We will present how we mapped our data based on an existing mapping language calle
Mapping Language, without the need for changing the underlying dataleser case thi
was less problematic due to the fact that internally we had already set AFE up b
Nomisma.org thesauriHowever, the thesaurus mapping can also be part of the mappitiy
this mapping established, one can for example provide a SPARQL endpoint to others
to allow them to access the data in an ontological végwever, for @ll interoperability ther
are still barriers that need to be overcome.

Even if the same vocabulary is used, different modelling approaches might hinc
interoperabilityi this will be the focus or our talk, explaining what we mean by tfiisis
problem does of course not occur when the modelling is identval.are currently plannir
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to combine different databases instances that are all build on top of AFE (such as Gerr
Poland, as well as Romania which is under construction) based sartteemapping in ord
to demonstrate the potential.

We will further report about benefits we see from the ability to use graph visualizations
data. We will report on our experiences with AllegroGraph as a graph database a
reasoning for somstandard properties, and Gruff as a visualization and query interface
of it.

Florian Thiery, Thomas Engel

The Labeling System: A bottorup approach for enriched vocabularies
the humanities

Shared thesauri of concepése increasingly used in the process of data modelling
annotating resources in the Semantic Web. This growing family of linked data thes:i
follows a topdown principle. Vocabularies and broader concepts (SK@® being create
maintained and npvided under the supervision of central authorities to provide gener
generic approaches used by scientists in the humanities. But the diversity of research
in the humanities makes it virtually impossible to create shared controlled vagabuha
cover a wide range of potential applications, and therefore satisfy the needs of
stakeholders. Reliable interconnections among independent systems could solve this ci
bottleneck of controlled vocabularies.

The Labeling System (DSdeveloped by i3mainz and IEG [2] in contrast follows a boittm
approach, enabling scientists working in the digital humanities to manage, create anc
their own controlled vocabularies as a SKOS concept scheme and concepts provid
REST AR and URIs [3]. One term of the vocabulary can be linked to broader corresp
concepts of domain experts and will become labels. The labels embed those broader
persistently into existing structures using a clean and straightforward Ul. T&bhttie LS i
defined over a flat ontology and can be queried through its triple store [4].

The created concepts can then be interlinked with well known LOD resources from ¢
Getty Research Institute or the British Museum, but also to authoritiesaméng linked dat
resources from natural science domains. The LS is domain independent, while
perspectives of different scientific disciplines on the same label and therefore contrib
interdisciplinary collaboration for building up crossd interdomain linked data communitie
As the newly created expert resources are available persistently, the concept is quotak
strengthens the scientific discourse of their semantic shape.

The paper addresses principles of the Labeling Systenthe light of heterogeneo
archaeological data from Western Euro
archaeological topics of conceptualizing and interlinking temporal and spatial cc
(meaning) will be discussed. To what extent is it gaesto align existing concepts w
Aiinsertingd specific concepts of domai
ambiguity of a place type and its role or function in a specific archaeological meaning?

Furthermore, we will show how the néechncal researcher can use the Labeling Syste
get introduced into the process of linkéata conceptualization. Finally, the paper details
benefits of enriching linkedata concepts through relating to linkégta communities of oth
domains, e.g. gdogy [5] or anatomy [6]
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Paul J Cripps, Douglas Tudhope

From interoperable to interoperating Geosemantic resources; practi
examples of producing and using Linked Geospatial Data

The concept of using geospatial informationthivi Semantic Web and Linked D:i
environments is not new. For example, geospatial information was very much at the
the CRMEH archaeological extension to the CIDOC CRM a decade ago (Cripps et a
although this was not implemented; a reviefathee situation regarding geosemantics in z
¢ 0 mme rthe sathanfic web is not ready to provide the expressiveness in terms of r
language for geospatial application ( O6 Dea et al . 2005 p. 7
Geospatial Data hagfun to become a reality through works such as GeoSPARQL (P
Herring 2012; Battle & Kolas 2012), a W3C/OGC standard, and the emerging.CRamdar
(Doerr & Hiebel 2013). This paper presents some real world, practical examples of crea
working with archaeological geosemantic resources using currently available stande
Open Source tools.

The first example demonstrates a lightweight mapping between the CRMEH, CIDOC(
and GeoSPARQL ontologies using data available from the ArchaeologySeatece (ADS
digital archive and Linked Data repository. The second example demonstrates the
Ordnance Survey (OS) Open Data within a Linked Data resource published via tF
Linked Data repository. Both examples feature the use of Open Sowlseirtoluding th
STELLAR toolkit, Open Refine, Parliament, OS OpenSpace APl and custom comj
developed and released under open license.

The first example will also be placed in the context of the GSTAR project which is us
approaches describéal produce Linked Geospatial Data for research purposes from corr
used platforms for managing archaeological resources within the UK heritage sectol
include the Historic Buildings and Sites and Monuments ReqstBSMR) software fror
exeGeslS, sed by UK Historic Environment Records (HERs), and MODES, used by mu
for managing museum collections. As such, the outputs from the GSTAR project hav
applicability in moving geosemantic information from interoperable to interoperating.

Olivier Marlet, Stéphane Curet, Xavier Rodier, Béatrice BouchouMarkhoff

Using CIDOC CRM for dynamically querying ArSol, a relation:
database, from the semantic web.

MASA Consortium Mémoire des archéologues et des [
archéologigeshttp://masa.hypotheses.org/27), from Twés Grande Infrastructure «
RecherchédumaNum (http://www.humanum.fr/) aims to provide to the french communit
archaeologists several tools to improve their data interoperability. In this context, weeptc
open the ArSol database to the semantic web, using the GIDRM ontology and a tool th
implements OntologyBased Data Access (OBDA) principles.

The ArSol @rchives du Sol Soi | Archives) system ha
Ter r it bdratoey §GNRI dours University) since 1990 for processing archaeolo
data. It can be used for all stratigraphic excavations and has the dual purpose
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management and research. It was constructed, with proprietary software, as an open &t
is flexible and above all not conditioned by the integration of predefined thesauri. The
client-server system is designed to integrate data from different sites. ArSol is designec
a recording and data management research tool for usegdexicavation, and as
exploratory data analysis system for pestavation work.

Firstly, we designed a set of mappings from a selection of ArSol fields to the CIDOC
ontology. This manual alignment has been reported in CAA 2014. It allows us $pdsanth
ArSol data in an RDF format fully compatible with the CID@RM.

We present in this article a new step, which is to implement the software architecture -
ArSol from a SPARQL endpoint. We chose to use Ontop, software developed at thesith
of BozenBolzano that allows to query a relational database via an ontology, using SP
In this way we do not need to move our data from our efficient database in order to
from the semantic web capabilities (semantic interoperability, RBH. 2 QL inference, etc.
We avoid the extradransformload (ETL) process for exporting our data in an RDF stor
for updating it when data change in ArSol. Via the SPARQL endpoint, users or appli
can query ArSol using the CIDOGCRM part thatwe selected to represent our ArSol data.
used the Ontop Protégé plugin to design the OBDA mappings that are necessary
SPARQL:to-SQL rewritings.

Our final goal is to devise an application that will offer a single interface to query ¢
distributed and independent archaeological databases, with heterogeneous structur
CIDOC-CRM to relate them to each other. Querying ArSol in SPARQL via the CIDOC
is an important step towards this goal.
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Omer Uzunel

3D Structural Analyses of Euromos Zeus Lepsynos Temple

Euromos is an ancient settlement where locate at three kilometers distance from
Selimiye Town that depends on I district of Mugla province, in Turkey. Archeologi
relics were unearthed back to the archaic era as a result of the excavalisnnmgBuromos
I nitial excavation works were car r-fou gears
excavation works have been resumed by A

There are many archeological relics in the ancient city. These principles raidheate!
Agora, Zeus Lepsynos Temple and city walls. Unfortunately, these buildings used as .
by the surrounding villagers and materials of buildings had moved at the modern settlen

The most important building is Zeus Lepsynos Temple in tlegeancity. The temple sque
measures within 26.80 m by 14.40 m. Temple structure has a peripheral plan within
layouts of columns that built according as a Corinthian order in"theegtury of A.D.

In 2012, documentation work was carried outwihelLeica C 10Laser Scannein the temple
The aim of study was documentation and assessment studies before excavation in tt
area of the ancient city. An abnormality was determining in the 3D structure when t
obtained from scan procesainsferred to the data medium of 2Bccording to abnormalit
static structure of one column was disrupted where is the northwest corner of temple
column has been made pulling force within another columns which are connect to its¢
abnorméity has been presented grave danger for fall down of all temple constructior
progress has been studied at regular periods on the temple since after this detection ai
registered about to verify this abnormality is progress or stagnation.

The purpose of study reveals for this disorder of static structural and their reasons
works of restoration to present in during the excavation and after excavation to the s
world.

Douglas Cawthorne, Steffan Davies

Authenticating Anastylosis: Para Data in the Digital Reconstruction
Greyfrairs Church Leicester and the Tomb of King Richard Il

Creating visualisations of historic buildings and interiors from partial evidence re
realistically implementable sitegies for managing the evidence upon which they are bas
for documenting the decisions taken concerning the selection and value judgements m:
that evidence. This paradata is essential for scholarly audiences for whom the di
authentiation and probability of correctness are central issues in developing trusted ri
Several methods of generating this paradata are already recorded in the literature |
often systematic they are also complex and largely text based and foredlsisn it i
recognised that their use is still the exception rather than the norm. In early
Archaeologists at the University of Leicester in the UK discovered the remains of King F
[ll, who died in 1485.

This internationally important archaegjical discovery prompted Leicester City Counci
commission the Digital Building Heritage Group at De Montfort University to use the
discovered archaeological evidence and-gxisting literary and circumstantial evidence
create a highly detatl digital reconstruction for public exhibition of the now lost church
medieval precinct in which the king was buried. The international scrutiny surroundil
case required particular quality control over the paradata and the required develdampeéor
the reconstruction also required that any process used should be efficient, and pre
implement in a compressed tisframe. Experience was therefore drawn from quality co
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processes in the construction industry to authenticate decigi&img using a particular for
of drawing -maepsal | ThHdooeayare graphic re
applicable to generic 2D and 3D representations of buildings and artefacts allo
development and change in design, allow the rengrdaiver marking and notation of selecti
made, alternatives proposed, final deci
of the final visualistion. We have found this diagram based approach a time and cost
vehicle for generatg a rich and accurate paradata record and one which can be easil
digitally and retrieved for future examination. One of its advantages is that because
| argely graphicanlapion dff awrmatg st ke nf lb @ dge ars
so provide a narrative with minimal use of explicitly narrative text. Factors which affe
met hodés use are the need for personnel
|l i ke Sketchup and Phot oshopymap scor earn de
amongst the participants to engage in basic {taading diagramming and owvenarking or
paper printouts. Interestingly we found that formal drawing ability has little if any effect
the utility of the process with all parigants from a range of backgrounds able to intuiti
engage with it. Furthermore the process actively encourages thoughtful and reflective
and the development of shared frames of reference between different disciplines.

This paper explains theetail of the process we have developed, with examples of iagy
and their use, the resulting reconstructions and the methods we propose to archive a
the paradata arising from it.

Melda Kiigiikdemirci, Salvatore Piro, Niyazi Baydemir, Daniela Zamuner, Elif Ozer

The application of mathematical and statistical integration Approach
archaeological prospection data, case studies from Aizanoi, Turkey.

The success of geophysical prospection methods applied on archaleitgis, to detect al
identify the buried structures under the ground, depends on the nature of the featirex
physical and geometric properties and environmental effects such as soil conditions, s
of equipments and experience of reseemsh Consequently, to obtain reliable
complemantary results, it is recomended to apply rgeltiphysical methods and integra
approaches on archelogeophysical field data (Weymouth, 1986; Neubauer et
Pir0,2000; Clay,2001). An application géophyscal integration methods which often appe
are divided into two class as qualitative and quantitative approches. Qualitative ap
includes depicting the location of cultural features and interpretation of combinec
obtained from differengeophysical methods. Besides that, quantitative appraadhdes th
mathematical and statistical solutions for integration (Kvamme et al.,2006).

The purpose of this work is the application of mathematical and statistical inte
approaches by usindifferent geophysical data on archaeological site. For this purpos
synthetic models were generated to correlate between integration approébbestocesst
were applied on field data obtained by using ground penetrating radar and magnetic it
the Aizanoi Archeological site, Kiitahya, Turkey.

Primarily, the geophysical data were examined individually by referencing archaeologici
and the anomalies which are related to possible walls, roads or foundations were ide!
order to obtm clear informations about these anomalies, integration techniques were
on field data. For the integration process, mathematical approaches as Sums and Prodi
obtained processed maps and statistical approach as Principal ComponentsAmwaly
applied to elaborate the GPR and gradiometric datasets. The results of all int
approaches provided more details about the anomalies related to the archaeological
Particularly, the application of Principal Component Analysis is ghbto be an alternati
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technique for mathematical approaches. By using all those applications, it is clear to
complementary images about the archaeological relics under the ground.

Carlotta Capurro, Dries Nollet, Daniel Pletinckx

ENAME 1288: A walk through Saint Saviour abbey

This work focuses on the research about and reconstruction of the Saint Saviour i
Ename (Oudenaarde, Belgium) in the 13th century both in its architectural decoratiot
its furnishirg. The Saint Saviour abbey was build by the count of Flanders in 1063,
remains of a major medieval trade settlement. It existed until 1795 when it was abol
the French Revolution.

The reconstruction is based on the historical sources andeadolyical data provided duri
more than 25 years of extensive excavation and studies on the site[1][2]. A great nu
iconographic sources from illuminated manuscripts was used to model furniture, to
ornaments.

Aim of the reconstruction is thereation of an educational game for the visitors of
Provincial Heritage Centre, built just next to the archaeological site of the abbey, ti
allow them to virtually walk in the abbey and discover the daily life of monks. The gan
be deployd in a room on the top floor of the building, overlooking the archaeological s
this way it emphasises the strong link between the archaeological site and its
reconstruction.

The educational game has multiple goals. First of all, the 3D ligatian on a large scre
shows the splendour of the medieval phase of this abbey and allows a natural perc
spaces and dimensions.

A second important goal is the-centextualisation of the objects that have been excava
the abbey's site arate today on display in the Provincial Archaeological Museum (pa
Ename. In the digital reconstruction of the abbey, artefacts are digitally restored anc
with their original function. This not only helps the visitor to better understand thiirer
but explains also the concept of heritage, and the reason why we spend effort and t
excavate and preserve objects from the past.

The third goal is a better interpretation of available archaeological and historics
Reconstructing the ide of the abbey has improved significantly the understanding «
structure of the buildings, their function and interrelation[4].

The game is targeted to school children and is structured as a treasure hunt. The
unraveled bit by bit by seleaty objects in the scene. The virtual world is projected on a
screen and interaction with the scene happens through natural interaction based on
camera[3]. The goal is to develop a natural interaction without menus or modes, in w
acivities of navigation, object selection and object manipulation happen through a defi
of gestures.

It will also be possible to explore this virtual environment of the abbey in-@aming mode
In this way, museum guides will be able to show atbuisitors in the virtual abbey to lii
with the archaeological remains and excavated objects on display in the museum.
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Barbara Cerasetti, Lynne M. Rouse, Roberto Arciero, Jens Frissen

Hydrology and Social Transition in the late 2h millennium BC Murghab
Alluvial Fan, Turkmenistan

In this paper we raisit hypotheses about the changing social and environmental landsc
southern Central Asia during the transitional period between the archaeoledefaligd lat
Bronzi early Iron Age (late ®millennium BC) and the numerous documented changes
archaeological and gegghysical record during this time. We focus on the northee
Murghab alluvial fan (Turkmenistan) as one window into this complex period. Owse
incorporates nearly 400 new archaeological sites documented in the northeastern

since 2006, which have not previously been included in published models of settlemer
hydrological dynamic. By combining this new data with the alreadytiegiglata, collecte
since the beginning of the project in 1990, we come to a total of around 2000 sites. A
there have been previous studies on the paleochannels and sites visible on the surface
updated survey database and additional tersensing analysis techniques we attempt to ¢
a more complete picture by wusing thest
against three obscuring factors: sand dunes in the north, alluvium in the south, and
areas of modern cult@tion. To cancel out these obscuring factors we will use the A
GDEM and SRTM as base maps in combination with Russian topographical maps f
1950s and (historical) remote sensing data, such as Corona, Landsat, Ikonos al
photographs. Basedn the work previously done in the project we hope to deepe
understanding of the landscape by applying newly analyzed remote sensing data. With
we try to determine the relationship between the location of archaeological sites and
ancent watercourses (palaeochannels) through time. Our initial findings suggest t
periods of the Late Bronze Age and Early Iron Age (Yaz |) demonstrate two distinct-:
water practices and probably different processes of femitorial controlbeing implemented

We hope to validate this observation by using different statistical analysis in ot
environment based on remote sensing maps. While no single line of evidence can ac
disentangle the complex intertwined processes of enviemtal and social change, our res
provide valuable information toward a |
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processes of socienvironmental development in the Murghab, and fit within eme
discourse that recognizes the importancenafro-scale processes and adaptation in Euri
prehistory.

Nicholas Andre Holmer, Kassandra Mcfarland, Buck Benson, Herbert D.G. Maschner

Using online digital content as a reference collection: A critique

Any good zooarchadogical analysis will include two aspects: a solid literature re
containing all pertinent information regarding the site in question along with a list of spe
that could be found in that particular geographic region. Second, and more impod
zooarchaeologist must secure access to a relevant osteological reference colldwienar:
no single reference collections that can be considered complete therefore extraneous r
always utilized. This poster describes the use of one sxiclineous material in conjuncti
with -ABousd&d reference collection. The

(VZAP) was designed to provide a digital reference collection that can be accessed any
the world. VZAP houses 2D and 3D nwdé of most Arctic mammals, birds and f
suggesting that it is ideally suited for this task. We discuss its pros and cons and illusti
this tool can be effectively used to identify faunal remains using real archaeological n
Using a previos study testing the ability of VZAP to help identify bones, we highlight
these data can improve our efforts in the future for education, identification and curatior

Jacopo Crezzini, Francesco Boschin, Simona Arrighi, Marco Giamello, Annam&
Ronchitelli

Zooarchaeology, Prehistoric Art and digital imaging: quantitati
analysis of bone modifications using 3D microscopy

Digital imaging allows to collect and process morphometric quantitative data on archae
finds. TheResearch Unit of Prehistory and Anthropology of the University of Siena is cui
developing new protocols for the analysis of bone modifications using a Hirox |
Microscope KH7700. This instrument captures 3D images of the observed surfacemng
the direct observation of butchering marks, artistic engravings ardnibropic evidences (f
instance tooth marks) from several points of view; it also allows a rapid procurement of
quantitative data (linear and angular measurements) dimbe processed through univar
and multivariate statistics. After the analysis of more than four hundred specimens,
presenting in this paper the results of several-sasgies from Italian Palaeolithic and Me
Age sites: we demonstrated thbcessing quantitative data it is possible to separate be
butchering marks inflicted using stone and metal tools; to identify the kind of stone tool
produce prehistoric artistic engravings; to separate between butchering marks anc
ergravings.

All data coming from the analysis of archaeological specimens are compared wit
obtained carrying out experimental proofs; it allows to corroborate our results.

The encouraging obtained outcome confirms the validity of our protocols entngortan
role that computer applications and quantitative methods play for understanding prehist
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Francesca Romagnoli, Amelia Bargall6, Maria Gema Chaco6n, Maria Joana Gabuc
Bruno Gémez de Soler, Pablo Safiudo, Manuel Vaguero

A storey is a floor, but a floor could be many stories! The problem of ti
in the definition of occupation floa.

The identification and interpretation of ancient behaviour within the archaeological re
the main goal of current archaeological research. The archaeological layers are forn
complex interaction between cultural dynamics (socidlleehavioural procedures) and nat
processes. The recognition of these processes (e.g. Binford 1981; Schiffer 1983) is es
identify nonanthropogenic ground noise in archaeological layers before identify and ir
behavioural patterns. Thanalysis of site formation processes is particularly releva
perceive the temporal resolution which is a critical issue for reconstruct human behavi
for test hypotheses on loitgrm processes in ancient human populations.

Traditionally the archeological record is defined according to two different concepts
living floor and the palimpsest. Bailey (2007) has shown that all the archaeological la
palimpsest. This concept is expressed with a variability of types of time and spacasbipt
between depositional episodes overlapped within the archaeological layer. Wh
palimpsest is the reflection of diachronic activities, the concept of living floor implies tt
activities attested on an archaeological soil were carried outitaneously. A living floor i
like a picture which seizes a moment within the life of a human group. As a living floor r
a shorttime scale, it has been used to interpret the archaeological record within ethnc
models. According to Villa (1B5) the archaeological criteria to identify a living floor are
small thickness, (i) a medium density of artefact and (iii) a spatial distribution of ar
attesting distinct activity areas. Refits between these areas are used as evic
conemporaneity (e.g. Delagnes et al. 2006). Recent studies have shown tt
ffet hnographico scenario is an illusion
many independent import, production and use events (e.g. Turq et al. 2013).

Here we will present some case studies from Abric Romani site, a Middle Pala
rockshelter located norast of Iberian Peninsula (Capellades, Barcelona). Researche:
site are focused on the reconstruction of Neanderthal behaviour throughidisgipltnary
high-resolution approach (e.g. Carbonell 2012). The extended surface excavated
temporal analysis of the assemblages formation allow to reach aigt@dcale in the spat
analysis of the living floors (e.g. Gabucio et al. 2014g&xo 2008; Vaquero et al. in press

The data that we will present in this Conference clearly highlight that a single living f
representative of a complex succession of diachronic activities, which are not visible au
the archaeological reot as a whole.

The results of our researches suggest that a temporal perspective is essential for perc
single events carried out in a site and approaching the synchronic social and
organisation of group of emesidents. Our results impkhat a useful and significant spa
analysis needs a previous analysis of the archaeological record.

We should develop methodology and models for spatial pattern analysis atiexestale tc
be able to understand demographic and culturaHeng pocesses of past human groups
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BEYOND GEOMATICS AND COMPUTATIONAL PERSPECTIVE

Alejandro Garcia-Moreno, Sabine GaudzinskiWindheuser, Jarod Hutson, Lutz Kindler,
Eduard Pop, Wil Roebroeks, Geoff Smith, Elaine Turner, Aritza Villaluenga

Evaluating the influence of hydrological proesses on Pleistocel
foccupation floorso: a comparative
orientation from Schdningen 13144 and NeumarkNord 2/2 (Germany).

Openair lakeland localities were attractive places for Palaeolithic settlement $isg
provided a broad spectrum of resources. Sedimentary basins constitute unique arche
archives due to their excellent conditions of preservation, allowing for extensive,
resolution environmental and archaeological analyses. This is apéuiportant in the caxs
of Central Europe during interglacial periods, where numerous archaeological site
located in lacustrine settings, providing evidence for hominin adaptations to warm, f
environments. However, these sites were oftdnjested to complex littoral site formati
processes, including overland flow, channel flow or wave action. Understanding the
influence of these hydrological processes in the formation anddepstsitional histories «
Pleistocene deposits is essial for the interpretation of Palaeolithic huntatherer
behaviour.

In this paper, we present a comparative study of two Pleistocene interglacial lakeshc
Schoningen 1314 6 Spear Hor i zond -Nord2/2B (MIS 5e)a Both sitk
yielded large, welpreserved faunal assemblages, allowing fedepth analyses of Midd
Pleistocene hominin subsistence. The excavations at both sites were large (arourfdr
Neumark and 1.500 fin Schoningen), enabling detailed spatial analyseketaindertakel
The rich assemblages, excellent preservation and large scale of these sites provide
foundation to assess pMeanderthal and Neanderthal spatial behaviour within these t
environments.

In order to understand the spatial behaviofithese hominins, it is necessary to evaluat
possible impact of hydrologic processes in the distribution of artefacts and faunal rer
these sites by applying GIS to artefact orientation. Lithic and bone orientations were cé
from vectaised planes, and later analysed using circular statistics, in order to iden
presence or absence of significant preferred orientations. Patterns observed at both ¢
compared with experimental observations, to identify which processes maightaffected si
formation. Finally, formation processes at both sites were compared, to evaluate difi
and similarities between them. Evaluating the influence ofamshropogenic processes in
distribution of archaeological material will impre our understanding of spatial organisa
of the assemblages and, consequently, the spatial behaviour of Middle Pleistocene hon

Jens Axel Frick

Visualizing occupation layers in homogenous sediments: Examples f
the Grottes dda Verpilliere | & I, Burgundy, France

This talk presents the methodological approaches used to reveal otherwise invisible

homogenous, fingrained, aeolian/fluvial roekhelter sediments containing archeolog
deposits from the LatMiddle Paleolithic to the Early Upper Paleolithic. The excavation:
analyses at the sites of Grotte de la Verpilliere | and Il have combined multiple technt
solutions (archeological, geological and geographical) to build -tireensional modsl of
nearly invisible archaeological features in these sediments. The identification of occ
surfaces has been possible largely due to the jpiletimg of thousands of individual charc
fragments, and these interpretations are supported by addigpatial data, lithic refits, a
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technological analysis. {field analysis of these data has informed approaches t
excavation of the sites. Detailed mapping and data analysis following fieldwork has foc
the reconstruction and interpretatiohdistinct occupation surfaces.

Meticulous collection of spatial data, geoarchaeological observations (discolored, sint
disturbed sediments, grain sizeaeiences, etc.), higlesolution digital imaging and digit
color analysis are employed in combination with traditional archeological techniqut
refitting of lithic and organic material, technological lithic analysis, andmaaterial analyse
Most of these techniques are relatively standard practice today, but our unique combir
multiple, lowcost solutions to data collection and digital imaging is the key to re
interpretations of the archeological sites, and can be easily put intticprby excavatol
working in a variety of contexts. The importance of mapping charcoal distribution a
insights that this approach offers are the emphasized.

Fabio Martini, Domenico Lo Vetro, Michele De Silva, Giovanna Pizziolo, Enrico Osi,
Vincenzo De Troia, Paolo Machetti

Ritual use of Romito Cave during the Late Upper Palaeolithic:
integrated approach for spatial reconstruction

The Grotta del Romito (Northern Calabria, Italy), with its rare examples of rochdgesvere
burials, is one of the most significant Upper Palaeolithic archaeological sites on the
peninsula. The cave was occupied during the Palaeolithic from ca. 24,000 to 10,000
date, nine intact, well preserved burials have been reab\erm stratigraphic layers dati
from ca. 18,000 to 11,000 BP, the majority of burials is referred to Late Upper Palae
This period corresponds to a greater intensity of occupation of the site, inferred from nt
fireplaces and extensive acculations of bone and lithics. The site is at the foot of a rock
and is composed by a rock shelter and a cave. The western part of the cave, near the
and the rock shelter would have connected during the Palaeolithic to form a large ladey
The site has a long history of excavation: a first field season during the sixties of -
century and a second season started in the 2000 and still on going.

Therefore different type of documentation have been used in order to record datacavd
context spanning from traditional distribution maps to laser scanner data acquisition.

This contribution presents an overview of the technologies used to collect data duri
excavations and lab processing phases and discusses the integrat@reral approach
(CAD, QTVR, 3Dmodelling, Laser scanner). The project focuses on the spatial use of t|
as a ritual context aiming to integrate in a unique analytical environment the rock art ar
evidences distributed inside the cave andstigter in order to perceive this space as a v
scenario
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Margarita Diaz-Andreu, Tommaso Mattioli

Archaeoacoustics of rock art: quantitatie and qualitative approaches
the acoustics and soundscapes of rock art in the Western Mediterrane

Archaeoacoustics has made a breakthrough in the field of rock art research, as it reg
completely new way of studying the landscapesvhich rock art was made. It looks bey:
the materiality of the past and tries to retrieve, quantify and qualify other less evit
intangible cultural signs, such as those related to soundscapes and the acoustic e»
sought by prehistoric comumities. Several articles have shown the relevance of acousti
factor for the production, location and active use of rock art sites and landscapes in
However, there is a variety of alternative methods of research, some related to speet
(physical, physiological, cognitive, cultural, etc.) and others to specific acoustic effect
paper will present a basic framework for the investigation and recordampastic phenome!
by incorporating both quantitative and qualitative aspeatsd measurements &
characterization of spaces, aiming to establish a useful link between theory and |
Examples will be drawn not only from Spain, but also from Italy, where new rese:
currently being undertaken.

Johan Linderholm, Paul Geladi, Claudia Sciuto

Field based Near Infrared analysis of Rock paintings in northe
Scandinavia

Rock art and rock paintings attract a lot of scientific interest in archaeology and -
archaeometric approaches have beeniegjih order to shed light on pigment composition
This study comprises of field based NIR measurements on rock paintings from late St
in northern Scandinavia. Different documentation approaches have been testel
simplicity and true field dnctions have been key words. Seven different sites have
investigated and generated large amounts of multivariate data requiring multivarie
analysis. Spectral information and classification results from these sites are presented .
somearchaeological implications.

Enrique Cerrillo -Cuenca, Marcela Sepulveda

Photographic recording and the digital enhancement of pigments: rec
applications in the rock art of Northern Chile

The digital recording of rock art hd&nefited of an increasing number of software solut
mostly photogrammetry and the enhancement of pigments from photographs. Regardir
last field, we have assisted in the last decade to two different trends: the populariz
DStretch sofivare and the application of advanced statistical methods through spei
software, which is not suitable for all the archaeologists.

During the last years (Cerrillo et al. 2014) we have utilized open source scientific libra
enhance pigments ia currently under development software codenamed PyDRA. PyD
composed of a graphical user interface (GUI) and the implementation of several st
processes for the enhancement of pigments. The aims of these statistical procedures a

1) The enhncement of pigments in the image through Principal Components Analysis



SESSION 3C

COMPUTER AND ROCK ART STUDIES: DATA COLLECTION, INTERPRETATION AND COMMUNICATION

and Decorrelation Stretch algorithm (DS).
2) The creation of tracings for enhanced images by classification algorithms tileaKs.

The results are tracings (binary images) tbah be superimposed for creating com
compositions. The main advantage is the detailed scientific documentation of the pro
which makes this solution robust from the point of view of its scientific applicalipthis
paper we present the resubf the application of PyDRA to a join of rock art sites from
precordillera of Arica, Northern Chile (Sepulveda 2011), which cover a wide chrono
span from the Archaic Period (8500 cal BP) to the beginnings of Spanish colonial peri
resuts have shown that the combination of classification and enhancement techniq
provide clear tracings, especially for washed and deteriorated paintings. This app!
l eading to a systematic recording adfio
procedures in PyDRA.

References:

Cerrillo-Cuenca, E., OrtiCoder, MartinezlelPozo, J.A., 2014Computer vision methods a
rock art: towards a digital detection of pigments. Archaeol. Anthropol. Sci. 62227

Sepullveda, M., 2011. La traditi naturaliste des peintures rupestres des groupes de cht
cueill eurs de | 6extr ° me nord du Chil i,
Amériques. Documents Préhistoriques 28. Comit des Travaux Historiques et Scien
Paris, pp. 44-459

Authors Paolo Emilio BAGNOLI, Andrea Samueli

Computer graphicsaided recording of opefair extensive rockart

Title panels.

The accuracy (minimization of measurement errors) and resolution (minimum size of
of the graphical doauentation of archaeological sites or objects, including -artkis at
essential requirement for the correct interpretation and conservation.

Abstract

In the case of recording of widely extensive r@ek panels using conventional techniques
preservation oftte two above properties may imply a dramatic increase of the executio
both in situ and in the pogirocessing phase. On the other hand in some cases the time
environmental conditions (urgent archaeological digs, underwater digs, rock at ph
dangerous or elevated positions) make the use of sophisticated scanning equipments |
and should require faster, lesost but still accurate recording methods, at least ir
acquisition phase.

The present communication deals with a methmdgraphical recording of planar engra
surfaces with wide extension able to maintain a high degree of accuracy and resoluti
method uses digital photography and a dedicated software and produce the map dire
digital image format.

Besideit was firstly designed and applied to record racksites in the Apuane Alps (Tusca
Italy), however it may be applied to several other archaeological contexts.

The main characteristics of the method are the followings:

a) it hallow the minimization fothe needed distance measurements and therefore
decreases the time to spend in situ;
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b) it can be applied mainly on planar surfaces, also with wide extensions and/or wi
spatial relationships among different groups of details are crucial;

¢) high degree of accuracy and graphical resolution may be achieved;
d) it does not require regular grids but only irregular ones;

The application of the whole method consists of three different operative phases on -
and three phases of data ppeicessing with the help of a dedicated software program.

The three field actions are: 1) the buifp of an irregular grids of points (primary ¢
secondary measurement stations) where each point is progressively numbered; :
photographs of the detaiwhere each photo contain three points (stations); 3) measurerr
the distances among the primary stations and between each primary station anc
secondary ones.

The postprocessing phases are: 4) buift on the computer of the grid map of thtation:
using the software programs; 5) two color contour tracing of the details (including the
of the stations) on each photo also eliminating theles® substrate; 6) pasting in se
transparency the photos on the grid map by connectingttt®mns on the photo with t
corresponding ones on the map.

Finally some application examples performed by the archaeological groups of P
Massarosa will be shown.

At the time of the conference the used software, implemented in MATLAB environmié
be given on the web as open source program.

Authors Alexander Pakhunov

Simple and lowcost method for the tracking of biological activity on ca
Title art sites

Microorganisms populating caves produce organic acids that damage aolyedis calcit
substratum. This might have been the primary cause of degradation of numerous Pi
paintings in many caves. Attempts to track the spatial distribution of microorganisms' c
using naked eye and conventional macro photograplen oftield lowcontrast images th
cannot be used for solid image analysis and thus, are highly unreliable. Ultraviolet ligh
can be used to improve the contrast for it is widely known that many microorganisn
intense luminescence under the aliolet radiation. The colour of luminescence is n
specific when using a 254 nm deep ultraviolet (UVC) source (Bearman et al., 2013),
kind of light source is not as widespread as near ultraviolet 365 nm (UVA) source. It is
least two tines more expensive.

Abstract

By using a portable LED UVA light source and a higisolution photo camera, we took
ultraviolet fluorescence images of a series of Paleolithic paintings in Kapova Cave, Rus

The raw files were processed according to the recomatems of American Institute

Conservation (Warda, 2008), followed by the "similar colour” treatment in VIPS so
(Martinez & Cupitt, 2005). The destination colour values of colonies in Lab colour spac
measured with a digital colour picker. $éting images contain only black and white pixe
the black ones are blank pixels while the white ones are the corresponding matching pi:
precise number of white pixels was found by plotting the histograms of the whole pictui
parts. Compring images in the visible and ultraviolet light clearly demonstrates a s
spatial distribution of colonies with minimum colony density on smooth surfaces of
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defectless substratum (note that surface roughness was estimated based on
transformation imaging (RTI) (DiaGuardamino & Wheatley, 2014) whereas the maxir
colony density corresponds to the coralloid structures that have a high surface area
covered by soot.

Some paintings in Kapova were uncovered under thick calgigzdaby the restorers in ea
1960s. It was found that the serifs on the surface of calcite precisely match the p
colonization by various microorganisms. To preserve paintings, we recommend using k
for the control of surface defects and Uwiaging for the accurate count of colonies. Base
these data, it is possible to make reasonable decisions as to what the course
conservation intervention should be.

Authors Frank Boochs, Stefanie Wefers, Burkhard Tietz, Tobias Reich

Support of Petroglyph analysis through processing and viewing of
Title scans

Traditionally stone inscriptions or drawings are documented through pictures or rubbin
l atter ones represent an anal og ues which @r
reproduced on paperThe disadvantage of this technique is the physical impact to the
and the contained elements. Images reproduce the surface without contact. Howe'
might be affected by geometrical distortions and need apptepighting conditions to sha
the signs properly.

Abstract

These problems will be avoided by means of-nontact 3D measuring techniques, like fri
projection. Such high resolution 3D techniques provide an exact geometrical copy
original petroglyph, dering better results in legibility compared to traditional technic
Moreover, it gives a more objective base for analysis and has less impact on the sc
sensitive and eroded surfaces. Furthermore 3D data allows more extensive anc
possibilties in processing and gives better preconditions for the interpretation.

However, depending on factors like resolution, scanned surface and degree of overlap
individual scans original 3D datasets may represent large up to really massive vdialakee
An effective use of such datasets can only be realised if they are condensed and prej
suitable way. This means reduction of the data volume, minimising any disturbing in
emerging from the spatial shape of the surface and emphasé@gnt information. Tt
corresponding preparation of the data will then be a good base for a interpretation perfc
the human science specialist through an adapted visualization. In addition the data s
prepared for high performance preséotato a wider community via the internet.

Processed digital copies of the Petroglyphs are visualised in order to enable the user
the processed scans of the objects. By inspecting the scans the application provides
functionality for ahieving different views into the Petroglyphs and their appearance
comprises on the one hand a simple 2D viewer for the processed data, and on the otr
3D viewer with interactive changeable light positions and water levels as well as a fae
applying various lookup tables (colour), predefined image filters (convolution) and te
matching (matching) regarding individual characters.

Provided functionality of the 3D viewer is based on features of 3D computer graphics.
normal veobrs from the grey values of the processed scans and a light direction vector
interactively changeable light source are computed. In addition shading is compleme
water filling, whereby the gray values are limited by the water level selebidividual
modifications are possible to improve the subjective impression by the user, trying to
him in his process of interpretation. Interactive changes of the light source directly af
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shading of the surface and provide a better ideth®f3D surface of the inscription boe
Dynamic virtual water filling enables the user to obtain an even better impression of th
of the individual characters and emphasise weathered characters.

The paper will explain the developed techniques arcumient its potential at selected ¢
sets.

Authors Andrea Arca

Digital practices for the study of the Great Rock of the Naquane Natio
Title Park, Valcamonica- Italy: from graphic rendering to figure cataloguing

Concerning rock art, obetter rupestrian archaeology, studying engraved rocks is li
archaeological digging: a carved rock panel corresponds to a site, its figures to archa
finds; at the same time the sequence of the engraving phases is be intended as an acel
stratigraphy. For these reasons each engraved rock must be recorded with the greate:
accuracy. In doing this, computer software is an indispensable working tool. From the
side, the need to obtain a detailed reproduction of figuressaperimpositions may grea
benefit, like in cartography, of vector drawing software. The same goes for editir
publication: the final output of tracings, plates and tables should be managed in a gre
professional manner. From the analyticesithe necessity to deduce for each petrogl
complex the taxonomy of its iconographic items, to define and count them and their re
may lead to the compilation of a specific software, in order to produce detailed st
listings, as well as aatalogue of figures. This is the case of the stugerformed by th
author and which will be illustrated in this communicatioof the Great Rock of the Naque
National Park in Valcamonica (ltaly); it's one of the most important prehistoric fige
palimpsest of the entire alpine rock art, where more than two thousands prehistoric fig
stored. Nearly one hundred square meters of tracings of the engraved surface |
produced, digitally acquired and drawn as vectors. A dedicated softwagareompiled, in ord
to store and to count all the qualitative and quantitative data of the engraved figures,
dimensions, morphology, relations, chronology an so on. Figures records are compile
base of the final rendering of the tracingege completed the job, listings, stats and catal
are produced in a few seconds in html format, including textual data, drawings and
ready to be published online orw@rked for a printed book. Like archaeology in general,
art studiesneed to publish and share data: as demonstrated by this study, a larg
electronic instruments for graphics and for the data analysisre to be intended now a
fundamental tool box for the careful andtagpdate rock art archaeologist.

Abstract

94



SESSON 4A-
MANAGING
ARCHAEOLOGICAL 3D MODELS




Authors

Title

Abstract

Authors

Title

Abstract

Andrea D'Andrea

Providing 3D content to Europeana

From 2012 to 2015 the European Project 3DICONS focused on the providing of 3D co
the Europeana. The projeeimed to explot existing tools and methods and to integrate t
in a complete supply chain of 3D digitisation to contribute a significant mass of 3D cor
Europeana. The project has been carried out by an interdisciplinary consortium ir
partners from diffeent European countries and with different competences. The models
from large and complex architecture and archaeological monuments to small findings
wide impression about the potentiality of the 3D data capture, processing and visua
Through 3D models the general public can visit sites which may be in remote locations
and in some cases difficult to understand. 3DICONS contributed to the expansion
Models into Europeana by offering enhanced experiences for its useriadind exciting an
engaging content for archaeological monuments and historic buildings. The project ¢
many reports on the 3D das&quisition, 3D datgrocessing and 3D data visualization. A le
number of case studies have been presented ingthidelines. All these contributes
downloadable for free form the welie of the project. They represents an updated tecl
pipeline of the 3D Model creation with the addition of rich metadata describing the rea
and its digital replica. Maly in terms of metadata the project provided an innovative sc
including information about provenance and paradata to keep tracks of the ci
digitisation process. As one of the main-BDONS goals was to develop a metadata scl
able of capturig all the semantic present in the digitation processes (provenance)
understanding and interpretating data objects (paradata), the project updated the (
schema by adding classes or entities and properties to make the original schema cor
the 3DICONS requirementsThe paper reports about the solutions adopted by the 3DI(
project as far as the metadata are concerned and other quality recommendations
implemented. Some case studies will be presented and the complete pipetirieefrabject t
the final model currently visualized in Europeana will be shown.

Achille Felicetti

MaDAM: A new generation Digital Asset Management for Cultur
Heritage

This paper describes the development and implementafiom digital asset managem
system flexible but at the same time fast and ¢asyse tool for creating and managin
complete digital archive of archaeological objects including 3D models, images, and ai
media object .

The system has been devedol around the CARARE model, a metadata schema develoj
harvesting and delivering information concerning digital models of objects, monumet
other similar cultural heritage entities. But the metadata indexing model of the sy:
general enoughnd can easily be adapted to any other XML enabled schema.

Upload facilities are easy to use and very efficient. The user is only required to uplo
while maintaining simple naming conventions in order to associate the digital objects w
metalata, and to ingested the created packages into the system with a simple FTP clier

The system comes with a re¢ahe search and analytics engine able to index the uploade
fast and efficient way and to create a network of relationships betweetiffdrent entitie:
described in order to build a rational and well organised knowledge graph to ensure a fi
accurate retrieval at query time.
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The system is also able to dynamically create landing pages for the digital objects, t
customizableemplates, where all the related descriptions and metadata regarding the
objects are reported. Thumbnails and previews of the objects are also provided. The
mechanism includes functions for the automatic generation of all the necesdafyRIES for
the standard identification and web localisation of the digital resources. URIs to other |
external information (e.g. terms from widely used thesauri, concepts coming from d
ontologies and so on) are also generated on the fly.

A set of query tools and interfaces provide advanced and real time retrieval features,
the ability to filter relevant results by means of faceted facilities, temporal and special er

The indexing mechanism and the dynamic creation of landagg$p allow, through a set
efficient mapping operations, the immediate availability of the data in the Europeana n
format (thanks to the existing mapping between the CARARE and the EDM schemas)
ability to upload the existing informationrdctly in the Europeana digital library, with
further action by user.

The system was created as part of the 3DICONS project but with the purpose to p
flexible and highly configurable tool that can be used in many different contexts and irs
usage scenarios. Subsequent developments of the tool will allow the possibility to er
metadata by means of entities and semantic relationships in order to provide support
advanced queries and punctual retrieval of relevant informatiom.ability to publish data
RDF format will constitute the basis for the creation and serialisation in Linked Ope
form of the information contained in the database.

Athanasios Tsaouselis, Konstantinos Stavroglou, Anestis Koutsoudis, Fad
Arnaoutoglou, Anastasia Michailidou, Despoina Tsiafakis, Christodoulos Chamzas

The 3D Icons Portal: A Web tool for the dissemination of European
Cultural Heritage Objects

Web portals are entry points for information presentationexathange over the Internet u:
by a community of interest. A part of the European cultural heritage thesaurus has
being offered as digital collections using various formats and thus there is a requirer
management, preservation and arctgvirf such digital assets as well as better communic
of the cultural heritage assets to the users. There are a number of metadata schem:
used to describe the content of these digital collections. In order to handle the ac
metadata neted by the 3D Cultural Heritage Objects produced within the 3D Icons proji
extension of the original CARARE schema was developed, the CARARE2. TheCARA
harvesting schema, supports now provenance, transformation and paradata required f
assurance of 3D models. It is used for the delivery of digital content to Europeana with
of a mapping between the CARARE2 schems
the full richness of the CARARE2 metadata elements, resulted to the piensib of the 3I
Icons portal ( 3dicons.ceti.gr ).

The main aspect of the 3D Icons portal is to provide a geographical mapping of the
assets provided by the 3D ICONS partners using the CARARE metadata schema. Ol
main reasons behind the implentation of the specific Web application was to provi
supplementary to Europeana single access point that is able to allow the user to ex
digital assets of the 3D Icons project while querying with a set of alternative mechanis
can be acessed over a geographical mapping visualisation graphical user interface.

The development process of the Web application consisted of two main phases. In
phase a metadata parser was developed in order to extract/harvest metadata from
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repository via an API. In the second phase we developed a tool that allowed the visuali:
the digital assets in relation to their spatial/geographical distribution. The user interfac
Web application provides two basic functionalities for éhloration of the digital cultur
assets. The first is based on the selection of geographical regions of interest on an ir
map that depicts the digital assets on their actual geolocation. The second is
conventional approach that allowket user to compose queries based on filters su
organisation names, type of the digital asset, size, date as well as keywords. An a
administration panel sets the Web application as a tool that can be used for other apj
while handlingmetadata schemas.

Britt Lonneville, Berdien De Roo, Cornelis Stal, Bart De Wit, Alain De Wulf, Philippe De
Maeyer

Google Earth and KML as GIS tools for archaeological 3D models

Since its introduction in 2005, Google Earth bagn downloaded over 1 billion times. It is
far the most popular virtual globe and has gained academic interest as well, mainly dt
incorporation of KML (Keyhole Markup Language). KML is an XMiased open sour
language that has been adopteda®GC standard since 2008 and allows users to ref
their own data on the virtual glob&ML is of particular interest for archaeologists, a
combines three key components of archaeological research: objects, space and time.
introductionof KML 2.0, georeferenced and textured 3D models (objects) can be addec
KML file and visualised in the virtual context provided by Google Earth (space). Furthe
the fourth dimensioin i.e. timei can be added by using time stamps or time sparwder tc
reduce computation time and enhance th
levels of detail. A certain 3D model is represented with a specificigiieed level of deta
based on its zoom level. Semantic enrichment is adtibydinking text, tables, images &
web pages to the respective models. This way, metadata and further information al
accessible for the end usetsML, in combination with Google Earth as a visualisa
platform, can be of great value once a®blogical research has ended, as it allows resea
to disseminate their results to the general public. As Google Earth is-&ns@lth, low cos
and straightforward tool, it does not scare off potential users with limited IT knowledge
budgets.

This research paper implements the aforementioned process for a specific archaeolo
(Edzna, Mexico). The entire site, containing 16 buildings, is modelled using both terrest
aerial imagery supplemented with total station and GNSS measuseddterwards, thes
models are incorporated into a KML file using three levels of detail and adding semar
and specific time spans for every modelled building. To improve the quality ¢
visualisation, an ortorectified image is used as a bagkibr the models. The case study sh
the value and usability of this method and can function as an incentive for other archas
to disclose their research in a similar way.
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Dirk Rieke-Zapp

3D digitization - stateof-the-art and future challenges

Structured light scanning serves as one of the key digitization and meastitechnologie
for 3D data capture with higtesolution and higiprecision. New challenges include a)
combination of 3D data capture with higbsolution color textures; b) further automatior
data acquisition and processing; ¢) standardized-dadtacollection coupled to the scanr
process; d) presentation of data in 3D viewer environments . In this paper a short ove
stateof-the-art scanning technology will be provided comparing several digitization met
i.e. Ctscanning, structucklight scanning, photogrammetry, laser scanningith regard tc
resolution, precision and degree of automation. Concepts of automation will be compat
mobile solutions over turfiilt applications to robotic solutions for cultural heriti
applicatons. Besides hardware automation, an overview will be provided comparing st
improvements of recent projects for faster workflows and automatic as well as
processing of 3D data including color textures. Concepts for metadata acquisitiore
shown and the need for a general/standardized solution will be thermalized. A brief dis
on standard 3D data models with advantages and drawbacks that established therr
quasistandard over the last decades will lead towards a discussid@3D odata viewer:
concepts and future needs.

Herbert D.G. Maschner

A Revolution in Archaeology: 3D Technologies and the Democratizat
of Prehistory

The key to making archaeological collections relevant in the twistycenury is the creatio
of virtual repositories with buili in analytical tools. While many museums are now ma
efforts in 3D visualization, virtual collections, and integrated database manay
presentations, we must take this further by putting entikeations online in a virtui
repository. The goal of the Democratization of Science Project is to use 3D technologie
entire archaeological collections, or entire museums, online so that any student, any c
scientist, or any politician, gwhere, can do their own analyses. We suspect that imp
scientific and educational advancements are often not made simply because people dc
access to the collections. We hope to change this by democratizing access
virtualization, andve have developed the model for how this should be done and implel
the first examples.

This required new developments in three areas. The first is in 3D virtualization and
getting accuracy approaching-+005 mm, but we also developed new remuy technique
that bridge science and art without loss of accuracy or resolution. The second is iplagpe
database structures. This means that the database is so flexible that any type of da
added without restructuring. In conjunctione wleveloped new techniques of database i
storage. We serve over 70,000 high resolution images with real time resolution enha
(resolution changes with zoom) while still maintaining integration with the database st
and nearly 15,000 3D mets. Third, these two structures are integrated with on s
measurement tools that allow the creation of multivariate datasets from any computer
These measurement tools have been tested and shown to be accurate to .005 mm.

The democratizationfascience is about using online media to make local, often inacce
collections part of t he worl dés scier
individuals, classrooms, or collaborators the opportunity to conduct their own investigat
museum collections from anywhere on the planet. This should be the museum mode
next century, and it wildl drive collect
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maintain the relevance of archaeological collections as key sowtescience an
enlightenment. As a first step, we announce a new $10 million project to scan some of-
important collections available to archaeological research.

Edgar Roman-Rangel, Diego JimeneBadillo

Recognizing the shape ofarchaeological objects by extracting loc
orientations of points on the surface of 3D models

Following a presentation in Paris during the G2814 conferencen which we demonstrat:
the importance of computerized shape analysis, this papertsenew advances in t
automatic recognition of archaeological artefacts by means of computer vision algorithn

We assess a novel technique for local description of 3D surfaces called Histogram of £
Orientations (HoSO). The HoSO local descriptmnsists of the quantization of the Ic
orientations of a point with respect to its nearest neighbours. Such local orientati
computed both in the azimuth and the zenith axes. The frequencies of the local orienta
stored in a histogram,hich can then be used for comparison and matching purposes.

The approach consists in computing HoSOs for a large sample of points on the surface
mesh (i.e. an archaeological object) and then comparing the histograms of a query mc
the histogams of other 3D models stored in a repository. The comparison and matchir
are done using the smlled bagof-words model.

The approach is applied to archaeological objects from the prehispanic collection
Templo Mayor museum (Mexico City),hich contains an interesting set of stone mask
well as other types of ritual artefacts. This approach presented here, however, can be
many different classes of objects.

Giuliano De Felice

The new trend of 3D archaeology s é going 2D!

Nowadays one cannot imagine any archaeological activity such as fieldwork, lab v
historical analysis and synthesis without the support of technologies. 3D is a relevan
this scenario, considering that archaeology rieadity composed of 3D entities that have tc
measured, analysed, understood and reconstructed.

No surprise then if 3D reconstruction of monuments and sites is one of the most in
applications of IT to archaeology, considering the ability to meaand recreate, in a perf
and realistic form, something that does not exist anymore. Relying on this streng
visualization is today the main medium also for archaeological communication.

Its strong visual impact gives archaeologists the chaneesually realize their reconstructi
thoughts and gives the wide audience a chance to interact with scientific process of
and interpretation.

But what if we move our focus from visualization techniques to content? Starting frc
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consideratiorthat before determining the use of a peculiar technology it is always be
evaluate the communication aspects, we have to consider the fact that 3D sometimes
be the right solution, considering that any archaeological site or object icompdex than it
material aspect and that even the most accurate 3D survey or the most precis
reconstruction are nothing but parts of a research process, tools to help interpretatio
goal is to make the real meaning of archaeology fullyeustandable to a wide audience a
model is not enough: we need a story.

As a matter of fact, 3D visualization is a branch of computer graphic, nothing but a tool
from the world of film technique. And we must have a director, a plot, a screeapsayip
and maybe actors and so on, before choosing the tools. In other words, first comes the
good news is that archaeology is a story itself, and we only have to choose how to n
So, the first questions to pose, starting a commtinitgrojects about archaeology shoulc
fiwhich story | am going to tell?d AWho

moment we can ask ourselves AWhich is t

In this paper | will show the results of Living Herjfe project, that led us to deve
storytelling methodologies and techniques and to bind them with archaeological kno
The main result of the project has been the production of a prototype of a storytelling
(swipe story) that can be easily eds by authors to realize narrations about cul
communication, focusing on content and visual styles more than on technologies and tc
engine can easily manage any kind of content, from texts to music to 2D and 3D ct
graphic, but it needsstory to start!

Andras Patay-Horvath

Master-hand Attributions of Classical Greek Sculptors by 3DA\nalysis ai
Olympia- Some Preliminary Remarks

The sculptural decoration of the temple of Zeus at Olympia (built ca4838Q is generall’
considered to be one of the most important and most magnificent works of ancient G
The preserved fragments have been thor«
they still pose some important questions. Perhaps ti& difficult and the most distressi
problem regards the identity of the master(s) of these works. Despite the high artistic
and their excellent workmanship, nobody really knows, who the sculptor (or the sculp
these pieces actually wasdie) and where he (they) came from. A conventional art hist
method (mastehand attribution developped by G. Morelli) is therefore combined wit|
possibilities provided by the most recent 3D technologies in order to investigate the p
The paer gives an outline of the project and its principles and discusses basic methoc
problems connected with it.
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Valeria Vitale

The Iseum in Pompeii: a case study on the use of an RDF ontolog
document 3D visualisation of athaeological heritage.

Although the crucial importance of transparency in 3D visualisation for archaeology is
recognised by the researchers in the field (Denard 2012, Johanson 2009, Frisher et
the lack of a standardised procedgpeer review, referencing and documenting still pre\
3D virtual environments from being seen and used as proper tools of research and
illustrations targeting the general audience (Favro 2086)ailored RDF ontology has be
proposed as ime- and costeffective way to document scholarly 3D virtual environments
the research process that they express (Vitale 2014).

This paper presents the first results of the experimental application of the SCOTCH (S
Collaborative Ontology for 3&isualisation of Cultural Heritage) ontology, and the rel
methodology, to document the 3D visualisation of the Iseum in Pompeii.

As the name states, SCOTCH is meant to be designed and implemented collaborative
large and diverse community oiftwal archaeologists. However, a first subset of the ontc
has been developed as a proof of concept, to show the potentiality of the method and t:
as starting point for a wider discussion.

In part due to the huge popularity in the archaeolofgompeii, the case study has sele
buildings from that location. Two hundred and fifty years of unbroken interest from st
and visitors, have generated a substantial number of (verbal and visual) records,
bibliography and many entries inuseum catalogues. Moreover, many of these resourc
free from copyright and can be found in online digital archives and repositories, |
Pompeii the ideal scenario for experimenting with linked data.

This paper will discuss the challenges encered, the results achieved and pos:
improvements, suggesting a workflow that, through linked data, integrates the research
the modelling, the documentation and the online publication.

More specifically, the paper will:

propose a simple namingonvention to label the elements in an historical 3D vi
environment.

present a way to describe the provenance of the information associated with each ele
relationship with its material referents and with the historical sources, the onigsedrc
introduced by the author. The ontology does not aim at establishing a hierarchy of pr
sources, but simply states their origin and the rationale of the author's choices.

discuss possible ways to address the issue of fragmentary, inhomogeaed conflictin
sources.

suggest a method to record some of the most frequent operation of normalisation, regu
and simplification that are usually embedded in 3D visualisations.

show how the ontology can capture, at least partially, thepleodty of a cultural heritac
object, representing different voices and interpretations across time and cultures.

present the potential interaction of the virtual environment with external (online and «
information.
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Valeria Poscetti, lian Torrejon Valdelomar, Wolfgang Neubauer, Florian Martin Miller

The Roman Villa of Oberlienz: A multidisciplinary 3D reconstruction.

High resolution archaeological geophysical prospections allow for theinmasive
investigation of susurface features. In particular, the high resolution Ground Penetrating
(GPR) measurements permit the accurate investgation of the subsoil offering the possi
the detailed 3D mapping of archaeological structures and virtual reconstructi
archaeological complexes.

In this paper, we present a 3D reconstruction of a Roman Villa located in Obérisaador
(Austria), part of the former Roman provindericum,which has been investigated by GPR

The 3D GlSbased mapping of the featureseat#ed by GPR is conducted within ArcGIS 1
allowing for the improved 3D editing of vector features and detailed description ti
attributable information. Extruded 2D (2.5D) and 3D interpretation models of the
Roman structures are created basmd the dynamic and interactive analysis of
prospectiordata in the GIS environment, in which the GPR data are visualized in fc
animated sequence of raster images.

Based on the GIS interpretation models the virtual reconstruction is performad @m
modelling software environment allowing for the interactive modelling and texturing

mapped 3D objects. In this step, analogies together with written sources play a cru
since they provide additional data and documentation which casdzkto enrich the lack
information. A systematic comparison between the detected remains and ex
archaeological sites in the provindésricumandRaetia,where similar buildings ar
complexes have been investigated, was conducted with theqgaahieve a comprehens
and reliable reconstruction of the Roman villa. In order to achieve the interactive inves
of the virtual 3D model in a georeferenced environment, the textured 3D objects-
imported into the 3D ArcGIS environment (Acshe and ArcGlobe) and integrated into
GlS-based 3D maps, in which the objects and related attributable information can be

interactively, by menas of HTML popups.

Structures belonging to different phases are clearly detectable in the GPRintddadating t
different periods were also collected at the site at the beginning of the 20th Century. E
this fact, we argued that the Roman villa was probably used for a period of at least 3C
Based on the analyisis of the GPR data antbgies with similar buildings and complexes,
presumed diachronical evolution of the Roman villa with main houses and ancillary bt
is presented dynamically through the use of animations. The work which was conducte
the multidisciplinary ¢am of the Ludwig Boltzmann Institute for Arcaheological Prospe
and Virtual Archaeology in collaboration with the Vienna Institute for Archaeological S¢
(VIAS) of the University of Vienna, also has the aim to demonstrate the high potentia
integrated and systematic use of fiovasive Archaeological Propsection Methods and Vi
Archaeology for the investigation, digital documentation and scientific dissemination
"invisible" archaeological heritage.
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Riccardo Olivito, Emanuele Taccola, Niccolo Albertini

Hand-free interaction in the virtual simulation of the agora of Segesta.

The aim of the paper is to illustrate the work of an interdisciplinary team composed of
archaeologists and researchershef $cuola Normale Superiore and the University of Pisa
synergy between these Centres has recently allowed for a more articulatedirti@esiona
simulation of the agora of Segesta. Here, the archaeologists discovered the remains

stoa, whos first monumental phase dates back to the -Hs#enistic Period. Comput
graphics and imagbased approaches (i.e. terrestrial and aerial SfM) have been used in
monitor, document and record the different phases of the excavation activitng(laydings
wall structures), and to create a 3D model of the whole site.

In order to increase as much as possible the level of interaction within the immersive
environment visualizable into the CAVE (Cave for Automatic Virtual Environment c
DreamsLab), a new dedicated application has been created. By using hands tracking s
nonstandard way, the application allows a completely Heeel interaction with the simulatis
of the agora of Segesta and the different phases of the fieldwtvities. More specifically
the operator can use a natural interface with hand gestures to slide and visualize the
overlapped models of the archaeological layers, pop up the models of single meaningfu
discovered during the excavatjoand obtain all the relative metadata (stored in a dedi
server) which are visualizable on external devices (e.g. tablets or monitors) without
wearable devices. All these functions are contextualized within the whole simulation
agora, e that it is possible to verify old interpretations and enhance new ones -iinre;
simulating within the CAVE the whole archaeological investigation, going over the dil
phases of the excavation in a more rapid way, getting information (meastsepw@sition o
the finds) which could have been ignored during the fieldwork, and verifying, evpose
issues not correctly documented during the fieldwork. The opportunity to physically i
with the 3D model of the agora, makes it possible &stilrally increase the level of afforda
between operator and 3D simulation, and to verify with a completely new approact
which can be hardly investigated by using 2D models (e.g. physical relations betweer
and monumental context, internahd external visibility, relation between open and cl
spaces, lighting inside the building).

The application has been recently implemented on the Oculus Rift DK2. The last releas
device has a higher resolution and, as a result, makes ibleosssivisualize all the metad:
directly within the virtual environment, without using any other device. In addition to th
portable nature of the Oculus will allow us to use the application on site, during tt
excavations.

Catriona Cooper

Auralization: analysing the sound properties of cultural heritage

The process of auralization has been a focus of acousticians for many years. As w
research within visualisation cultural heritage sites have often beshasscase studies
exploring how acoustics can be modelled. The work has mostly been either recording
they stand today (Martellotta, 2009), or beginning to model them using software packag
as CATT and Odeon (Farnetani, Prodi, & Pomp20i08). In recent years archaeologists |
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begun to engage with sound in more detail, some of these approaches have been t
(Hamilakis, 2011; Weiss, 2008) or exploratory (Reznikoff, 2008; Waller, 1999), while
more technologically based (bduz, 2004).

Unlike digital visualisation modelling, acoustics has not been heavily critiqued and th
not been the drive for archaeologists to learn to undertake the work independently.
archaeologists aim to team up with acousticians (Tdar&, & Miguel Fazenda, 2013; T
2011; Watson & Keating, 1999; McBride, 2013). However, this does not foster

understanding of the results; acousticians do not theoretically engage with spact
archaeologists do not understand the nuanctdsedechnique.

In this paper | present a methodology for discussing the acoustical properties of a close
Focussing on a case study of Ightham Mote in Kent this paper discusses geometrical
methods of auralizing the Great Hall. | will bribggether the results of the survey to dis:
the experience of sound in the place and how this can be used alongside our underst
the experience of sound in a medieval household

Christine Wittich, Tara Hutchinson

Dynamic Charecterization and 3D Reconstructions of Massive Hums
Form Archaeological Statues for Earthquake Loading

Archaeological and cultural heritage artifacts are often housed in a variety of locations
laboratories or on display in museums and patentially be subject to natural hazards suc
earthquakes. While smaller, lightweight artifacts tend to respond favorably to seismic
massive statues are extremely susceptible to damage and destruction in the eve
earthquake. A recent gext focused on characterizing the dynamic properties of three m
sandstone statues using a combination ofdwstructive modal analysis and ligietectior
and ranging (LIDAR). The three artifacts originate from Saudi Arabia and date
approximagly 2000 years. The statues are constructed of sandstone, are approximate
tall, and weigh in excess of 1 ton. The statues are part of an exhibition travelling to t
locations around the world; however, the dynamic characterization tookiplaodaboratior
with the Smithsonian Institute and the Asian Art Museum (AAM) in San Francisco, Cali
USA. Testing took place on site at the AAM in October 2014. Characterization of the ¢
began with recording the-isitu geometric configuran and boundary conditions (i.e. restr
mechanisms) using ligidetection and ranging technigues (LIDAR). The resultant -
resolution, geometrically accurate point clouds are triangulated to form watertight

meshes in order to calculate massperties. The second step in the characterization is tht
destructive modal analysis or system identification in which the resonant frequencies e
situ statuerestraint system are determined. The physical test consisted of outfitting the
with small, lightweight, higksensitivity accelerometers, imparting a small force, and mea:
the output vibration at multiple locations along the statue. The ratio of the frequency r
of the output to the input yields the natural frequencies éspdf the system as well
damping and mode shapes. These characteristics of the statue system can be used to
the seismic vulnerability of the statue and predict the response to earthquake loadings.
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Igor Barros-Barbosa, Kidane Fant, Panagiotis Perakis, Christian Schellewald, Lis
Kvittingen, Theoharis Theoharis

Establishing Parameter Values for the Stone Erosion Process

A computer simulation model of the naturally occurring stone erosion process is at
becaise of the many potential applications to studies of cultural heritage and th
environment. Such a model could enable us to predict the future state of important
heritage monuments based on different environmental scenarios, allowing als ttntely
appropriate action. However, a simulation model of this type is extremely challenging,
the large number of parameters involved and also the difficulty of establishing their
given the large timespan over which they evolve. This dexity also makes simp
observation of these parameters on stones in the natural environment unproductive.

One way to establish parameter values in a manageable timeframe is through thi
chambers that can subject stone samples to accelerated e®isintating all the natur
effects that contribute to erosion is difficult; however one can identify the most img
effects and try to simulate these in isolation.

This paper describes the design and construction of twoblaget automatic erosi
chambers to simulate the Freekeaw and the Salt effect respectively, based on a ct
system using oftheshelf components. It also details the parameters monitored afte
erosion cycle, obtained with the use of 3D scanning, electron microsco@y cumpute
tomography, 3D microscopy, XRD and petrography. This long list of parameters
challenges of integration in a single 3D model and our achievements in this area
discussed. The recording of these parameters is intended to eveieadllyo a publicl
available database for erosion benchmarking. In the current instance we are only col
Pentelikon marble and two types of sandstone. This work forms part of the PRESIC

project (vww.presious.eu

Willem Vletter

An 4-D analysis of historical road and path networks

In Archaeology and in other academic fields, the application of LIDAR data for creatin
model of an area is already well known. Moreover, it is the only remote sensing techni
can visualize on a large scale the micro topography in (densely) forested areas. In geni
historical road and paths are better preserved, in forested than on agriculturalHengfore
the objective of my PhD thesis research was to developlaood@bgy based on LIDAR data
investigate historical road and path networks in forested areas.

The developed methodology exists out of four steps. In the first step the)(s@moimati
visualisation and extraction of linear features from ALS datackled. In the second steg
method is presented to determine the relative chronology of historical roads and pa
third step deals with the predictive modelling of unknown networks. The last step cormr
3-D environment with a time element, resutf in a temporaspatial visualisation of the ro
and path networks found.
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In this presentation the focus lays on the fourth step. More precisely on the use of
software (Unity) to visualize elaborated LIDAR data. On a 3D model ($eanitomatic
extracted and (relatively) dated roads and path networks are drdjechks to the datin
networks from different periods can be shown. This provides a temporal dimensior
model, making it 4D.Being a gaming software the model can be made moretredby
coloring and adding (different) vegetation to the scenes of the various periods. In
agents can be introduced in the application, resulting in that one can experience the le
In this way one can not only “travel in landscape” bs &in time”, expanding the analyti
possibilities.
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Giacomo Landeschi, Nicold Dell'Unto, Daniele Ferdani

A vectorbased ppeline for assessing visibility: a 3D GIS perspective

3DGIS systems have been recently used as a powerful means to store, query ant
archaeological datasets. The latest technological developments in 3D and GIS technolc
the introdiction of innovative work pipelines that allowed archaeologists to import
geometricallycomplex texturized 3D models in GIS. Such an achievement, opened up
promising research lines where the level of accuracy of the 3D reconstruction caimesyt
integrate the analytical power of GIS platforms. In this sense, the Pompeian house con
very valuable case study to make an assessment of the visual significance connected 1
classes of objects: many of them were originally pudigplay with the specific purpose
being seen by someone else. Detecting and quantifying those visual patterns is a nece
for better catching symbolic and ideological meanings that regulated the displacemen
artifact inside the built sga of the Roman house.

In the frame of the Swedish Pompeii Project a recatelyeloped research line allowed u:
test an entirely 3DGHKpased approach to evaluate the visual impact of different catego
artifacts, like wall inscriptions and paingjg and to describe a work pipeline that coulc
effectively used and repeated in many other study contexts. To reach this goal, daset
line-of-sight analysis has been carried out and the encouraging results obtained cor
valid starting pait for discussion and to extend this kind of methodological approact
wider sample of data.

Michael Auer, Heather Richards-Rissetto, Jennifer von Schwerin, Nicolas Billen, Luka
Loos, Alexander Zipf

MayaArch3D: Web based 3D Visibily Analyses in Ancient Cityscapek
the role of visible structures at the Maya Site of Copan, Honduras

The MayaArch3D project is developing a wieésed archaeological research platform usir
a case study 24 square kilometers surrounding theS0D World Heritage Site of the anci
Maya kingdom of Copan (Honduras).This research platform combines information
traditional, norspatial archaeological database of the German Archaeological Institute
with 2D and 3D GIS data stored in aogpatialdatabase. This combined system support
visualisation and analysis of large archaeological landscapes down to 3D models of sir
objects.

One part of the projectds r esear c hpolitical
structureof the ancient city, whose buildings have been classified into five -sscioomic
classes from simple huts to ceremonial temples. In contrast to the architectural ty
represent buildings constructed by a broad spectrum of society, smaller sionments &
Copani thesec al | ed st el ae and altars, were ci
rulers and elite). These contain textual and iconographic messages that scholars h
working for over a century to decipher and understaNgw methods of analysis ma
possible by 3D web GIS can now aid in testing these hypotheses. Specifically, the visi
inter-visibility of monuments and buildings of different social classes (and also to o
common pathways that inhabitants of diffnt social quarters may have taken while ma
through the city), may reveal new insights into the sgabtical structure of the city, tt
functionality of certain monument types (e.g. stelae), and how and to whom certain
were addressed.

Inparticular, to test the functionality
a network of visibility relations can be established and used to test existing hypothes:
the stelae function; for example, that the stela locationbtrhigve been used to transfer sir
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signals from the outskirts of the valley to the center of power. Other theories on
functionality assign them the role of boundary markers or delimiters of power, marker
the sun position coinciding with tretart of the planting season, stations of a procession
or as landmarks to guide incoming visitors to the center.

Our objective is to perform visibility analyses in a wased context. Because large amo
of data are involved in visibility computah using, for example, terrain models stemn
from LIDAR surveys, a welbased analysis system has to either support processing ser
displace the computation load to a remote computer, or it must intelligently split the ¢
and its necessaryath into parts, aiming to minimize the amount of data to be download:s
processed.

Nicolo' Dell'Unto

Using different eyes: the case of the medieval Cathedral of Dalby

This paper discusses a methodology based on the uete€Bnology to acquire, post proc
and simulate the use of the space in ancient buildings. This approach implies the us
acquisition technologies, such as laser scanning or image based reconstruction,
libraries of 3D objects to use for suializing different versions of the same histol
environment. The construction of such virtual interpretations and their implementatior
threedimensional visualization platforms allows retrieving new information concerning
the space was orgaed and used in the past. This methodology has been tested in the n
church of Dalby, Sweden, to retrieve information concerning the medieval crypt and
The church of Dalby was funded at the beginning of the XI century and it is consite
oldest still standing stone church in Scandinavia. Since its construction the original s
changed several times and the current ¢
how the crypt was used in the past. This experiment proweudliis methodology permitted
retrieve new information for the interpretation of the crypt. The preliminary results «
project will be presented and discussed.

Rodrigo Mora

The development of 3D VGA tools: an application in a @aof weal
heritage in Valparaiso, Chile

In the last ten years, isovist analysis
visual experience in cities and buildings. However, until now most studies used-
dimensional, planar pspective, thus neglecting the thréienensional nature of vision. Tt
paper presents a method to construct 3D isovists. The idea is to give a more realistic a
a personds visual experience in hilataenc
directly accessible. The paper aims to contribute to the construction of objective met
represent the environment in a more ecological way.

The method is tested in the city of Valparaiso, a heritage city that spreads across th
forming a natural amphitheatre, and whose charm rests, to a great extent, from tfr
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experience that arises from observing distant parts of the city that are not directly ac
The results show that threbmensional isovists are capable of captgrihe underlying visu.
properties of ravines and urban viewpoints (miradores) of Valparaiso.
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Thomas Holl, Gert Holler, Axel Pinz

A scannerprototype for geometric and radiometric reconstruction
rock-art sites

The accurate geometric and radiometric reconstruction ofadckites is a challenging te
due to their remote location and the flahoratory data acquisition situation. We s@at ¢
portable sterewision based roclart scanner prototype that enables a fast and ac
scanning of the geometric and radiometric characteristics of such sites.

We are interested in the reconstruction of whole faxtksites and the spatial relaighip
between them. To do so, our scanner produces aefe@nced 3D reconstruction of the si
We achieve an accurate 3D reconstruction by augmenting a Structure from Motion a
with additional k no wl-setig &nd tachymeit measureroeats M
stereesetup is used to determine the scale of the reconstruction and the tac
measurements are used at first hand to-rg&rence the reconstruction, and secon
compensate the drift induced by the Structure from Motion ndetBy doing so, we obtain
georeferenced 3D reconstruction with a precision of 0.1mm. A major advantage

approach is, that the geeferenced reconstruction is obtained without the usage of g
control points. On the other hand, if a gedferaxced reconstruction is not necessary
scanner can also be used without a tachymeter.

One of the challenges in scanning radiometric surface properties is the illumination con
the rockart sites. Different from the laboratory one is confrontedhwioncontrollable
illumination conditions and cast shadows caused for example by nearby trees. Despite
conditions the proposed scanner prototype is able to deliver radiometric surface pi
beyond photdexture. In order to achieve this wiesign a custom LEflumination and fo
each scanner position we acquire two images, the first with the-illlhination and thi
second without LEBIlumination. We subtract the second from the first image to obta
image that is free from ambient lighffects. To estimate the radiometric surface propertie
solve an inverse rendering problem using the knowledge of the 3D reconstruction
scanner calibration.

To verify the performance of the scanner prototype we present various experimer
geometric accuracy of the scanner reconstruction is shown by a comparison
reconstruction and ground truth data of already scannedamekColour targets with knov
radiometric surface properties are used to verify the radiometric reconstruction.

Ken Saito, Chris Musson

3D Recording of Rock Art in Harsh Environmental Conditions
Ughtasar, Armenia

Armenia has a rich heritage of prehistoric rock art, one of the most spectacular sites
Ughtasar, in the mountaioe southern part of the country. At a height of 3300m abov
level, and under snow for most of the year, the study area discussed here occupies the
an extinct volcano within which many hundreds of rackfigures have been pecked or cal
into the surfaces of the glaciated rocks. Animals, humans, wheeled vehicles and abstra
are all present, sometimes in apparent scenes involving hunting and other social activé
harsh natural conditions of the site place a premium on spekdfectiveness of recording
the short period each summer during which a largely-feetfed Armenian/UK team
archaeologists and other specialists has been systematically recording the rock art for 1
years. The presentation will concentraten practical experience with multhage
photogrammetry during the 9 days of site work undertaken each year during 2013 ar
Following preliminary trials in 2012 and 2013 one of the specific objectives of the w
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2014 was the 3D recording of 12® the most important, distinctive or fragile carved pa
within the 900 or so recorded up to the end of the previous year. The recording is s
form of Opreservation by recordé, part
increasing pessure from visitors who do not always understand the damage that can b
by walking on or touching the rock art panels. This aspect of the work thus represents
study in nordestructive recording aimed at the documentation and conservagowlafgere
archaeological features on a site which presents many practical difficulties becaus
remoteness, inaccessibility and harsh environmental conditions.

The 3D data at Ughtasar has been collected with three mairi @glective preservatisby-
record, visualization, and research. The link between the three is that the most importe
rock art panels and surroundings should be capable of 3D reconstruction in a
environment so as to serve any one of these three objectives. Dlmapr@sentations showi
both the local setting and a high degree of detail in the individualadgsanels are requir
for purposes of preservation, interpretation and research. In addition, digital models are
important for visualization, ineasing the potential effectiveness of communication both
fellow specialists and with the general public at local, national and international leve
worth observing, however, that at Ughtasaas elsewheré the practicalities of webase(
comrunication for this kind of dissemination have yet to be fully explored or resolved.

The Project has been carried out under the joint direction of Tina Walkling and
Khechoyan. Descriptions of the site, the project objectives and the results aclhidaeda
be found athttp://www.ughtasarrockartproject.org.

Vera Moitinho de Almeida, Luis Teira, Roberto Ontafién Peredo

Analysing Rock Art: a quantitative approach using 3D models

In this paper we present a framework basedjuantitative methods and 3D digital models
the analysis and interpretation of prehistoric art (or prehistoric graphic expression). Th
of study is located at the source of the River Ebro (Cantabria), in the North of the
Peninsula. It cosists of a set of 23 antropomorphic figures, from the Early Bronze Age, ¢
side by side and carved on the vertical surface of a bedrock. We chose the central a
figure, the only armed anthropomorphic figure from this set, as an optimalasestfar 3C
scanning (structured |light scanner, 28 (
aim is to provide meaningful information towards a better comprehension of the manuf
procedures, by: describing quantitatively different typemicrotopographies (ISO 25178) ¢
other geometrical features; Differentiating morphologies within figures; Associatin
observed macro traces with possible gestures, sequences, carving techniques and
This research falls into a wider reftion on the contribution of controlled and replice
imaging process towards comparative studies of prehistoric graphic expressions.

Matthias Zeppelzauer

Intelligent Rock Art Processing: from Automated 3D Segmentation
Shape Clasdication
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The UNESCO world heritage site Valcamonica contains numerous rock panel
petroglyphs that have been pecked, scratched or carved. We present recent research
of automated processing of rock art that has been performdeeiBDR Pitoti project (3¢
pitoti.eu). A major goal of the project is to model the rock surfaces by 3D scanning to ¢
high-resolution reconstructions of petroglyphs. Once a rock surface is scanned and m
3D we extract the petroglyphs from thefage by automatic 3D segmentation. In a subse
processing step we analyze the shape of the petroglyphs. For this purpose, we refin
segmentations (shape preprocessing) and fit a skeleton into the petroglyph (skeletoi
The skeleton isrmabstract and highly invariant representation of the shape and serves a
for the automated indexing. The indexing enables the search and retrieval of petroglypt
i.e. to find similarly shaped petroglyphs to a given one. Finally, we prapobkaiques for tF
classification of petroglyphs into different classes provided by a comprehensive typolo
talk gives an overview on the entire processing chain from 3D segmentation tc
classification of petroglyphs and presents challengingares results in this domain.

Carlo Inglese, Marco Carpiceci, Fabio Colonnese

Mediated representations after laser scanning. TMonast ery
and the architectural role of red pictograms

The monastic settlement of Aynali is located in Cappadocia, a short distance from the C
Museum in Goreme. It is just outside the large seinsular rockcaveaconstituting he hear
of that singular confederation of monastic communities. Possibly the whole area was ru
common social structure, in which each core was constantly in touch with the othe
sharing the need for subsistence and contemplation.

The rooms bthe monastery of Aynali are on two main levels and were excavated ar
rectangular court. The Northeast front can be assumed as the main facade: two openi
people to enter the great room, which is covered by a barrel vault and divideckipanie b
two light suspended arches, while a third opening leads to the church through a small v
The church is roughly square, with a large central apse; four large columns divide its sg
three naves covered by barrel vaults.

The church ad other parts of the monastery follow approximated geometrical rules a
rarely comparable to simple geometric shapes. This would suggest they are the res
extemporaneous and uncoordinated program of excavation. Conversely, rooms fa
rect angul ar court seem to share the gec
formd of such environment s, however, i<
a lesser degree than the church, is suffering from a sensitive da@ormiaat significanth
alters the alleged rectangle of the plant.

The decorations in the church and the main rooms follow the red monochrome typ
common in this area. This monochrome pictograms show a predominant geometric ¢
and are genergl used to describe and highlight the remk surfaces according to thc
el ements which play the figurative ro
pilasters, capitals, architraves and cornices. This kind of depicted decorations ha
connected to some sort of apotropaic process of sanctification which was imposed by
of using those spaces as soon as possible, delaying later the moment of the realisat
final decorations. But even these pictograms appear the resultasfyaand rough work, the
symbolic value and meaning should not be overlooked. In fact, the monochrome painti
be seen as the | ast stage of the archit
elements of the orders play also thaerof describing visual hierarchies and struct
behaviours of the parts as well as decorating the key elements of surfaces, in Cap

116



SESSION 4D

3D RECONSTRUCTION, ANALYSIS AND IMMERSIVETELEPRESENCEAT ROCK-ART SITES

Authors

Title

Abstract

Authors

Title

Abstract

rock-cut architecture this function is played by red pictograms, with the secondary const
of transforming lhe architecture itself in a huge representation, a sort eédale model t
design its final configuration with. But most important is that those paintings have
studied together with the rock surface supporting them thanks to integrated apmicitase
scanning and digital photography, as this paper is to describe, in order to contri
archaeological and historical researches on Cappadocian rupestrian architecture.

Neil Smit, Matt Howland, Thomas Levy

Digital field recording in the 4th dimension: ArchField C++

With the rapid adoption of laser scanning and photogrammetry among the archae
community the full digital documentation of archaeological sites is now becoming cc
place. In field excavationfiowever, the continual exposure of archaeological layers reqt
digital toolset in which to record, categorize and spatially locate artifacts, installations, ¢
within a siteds daily 3D or aerial nesfoa
digital field recording software that enables riale digital GIS Top Plan production withir
rendering engine designed for visualizing massive point cloud datasets. Archfield
connects to Total Stations and our RTK GPS units to resalsdentimeter measurements
artifacts, scanning markers, loci boundaries, and camera positions. The processing
enables the generation of publishable orthographic and perspective maps from the fir:
excavation to the last. As a backehdises a PostGIS database and the ability to expo
import various vector, raster, dem and 3D datasets. We present its application to our 2
excavations of the early Iron Age site of Khirbatlatiya located in Southern Jordan.

Tommaso Empler, Barbara Forte, Emanuele Fortunati

Cultural Heritage 3D modeling view in Real time: the Forum of Nerva
Rome in the time of Imperial Rome and Medieval Ages

One of the Cultural Heritage application is the possibility to reicant past places a
environments that appears today as archaeological sites.

3D modeling and the possibility of navigation/view reconstrucions in "real time", allow:
scholars and to those who do not have awepth scientific knowledge, to be able
understand what was the real shape of an archaeological site in the past. The oppc
offered by the use of software designed for other areas of interest, such as video garr
tools developed specifically for the video game industry. Rhareess coming from the world
video games are transposed in the field of historical reconstruction and 3D modeling.
to ensure a smooth navigation is necessary to realize 3D models where is good the
between solid modeling and surfaces nimdewith the use of specific texture of histori
reconstruction. It is also important to be able to use appropriate algorithms, which al
simplification of the calculation of the shadows.

As a case study is proposed the reconstruction and 3Dlizatien in "real time" of the Foru
of Nerva (in the imperial archaeological center of Rome), so far subject of little intere
study from this point of view, obtained by the game engine of an application open soL
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Blender.

Thanks to the assetice of archaeologists and historians from the point of view of conter
the ability to govern the modeling tools in 3D, by the representative, it is for the firs
assumed a reconstruction and exploration of the Forum of Nerva in Imperial Rot
Medieval periods.

The most interesting and innovative goal is the ability to switch from the reconstructior
period of Imperial Rome to the Medieval age, through the use of the "space bar"
computer keyboard, allowing the "navigator" to maketirae leap into the past with
"subjective" view. The displacements in the 3D model can be carried out both with th
that uses the four letters "WA - S - D" on the keyboard of the computer, respectively, t
forward, left, back and right, bothitlr the use of a joypad or a pad bluetooth. The applic
is complete and running .exe file for both Windows and iOS devices, that does not ri
previous installation of Blender.

From the same point of view

Imperial Rome

Medieval Age

Emanuel Demetrescu, Ivana Cerato

From survey dda to 3D extensive landscape reconstruction. A taxonol
- metadata approach to Montegrotto Terme area.

The Montegrotto Terme area is characterized from the prehistory to nowadays by thet
extensive agricultural activities. Such a presewéenatural elements can supply sc
important guidelines to understand the anthropization process. Starting from the archau
data (field survey, cartography, digs) and the environment re@oothny and geology) v
reconstructed a part of MontegimiTerme from prehistoric to modern times.

The virtual model is a valid cognitive tool and is a fundamental medium through which
(a scholar, a student or simply somebody who shows an interest for the subject) car
with 3D models and agents a virtual environment. This technology can be applied t
world of cultural heritage as a vessel for preservation, reconstruction, documentation,
and promotion (Fabio Bruno, Stefano Bruno, Giovanna De Sensi, Mauia Luchi, Stefani
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