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Authors Crystal Safadi  

Title  

An evaluation of the marit ime accessibil ity and protection afforded by 

bronze age and iron age Levantine harbours. 

Abstract 

This paper evaluates the natural affordances of Bronze Age and Iron Age harbours located in 

central and southern Phoenicia, on the coast of modern-day Lebanon. It looks at two factors 

that characterise a harbour location: its maritime accessibility and protection, in light of its 

physical topography. The evaluation is carried out through an enhanced framework of analysis 

that includes modelling of winds along the Levantine basin, and of wave heights for each 

harbour site. A review of the maritime developments and activities during the Bronze and Iron 

Age, and of the maritime environment of the eastern Mediterranean, suggests that localised and 

enhanced frameworks of studies are substantial in order to bypass general observations and 

trends. Through the modelling of winds, regional differences in mean wind speed and direction 

are distinguished. These shed insight on the potential of sailing along the Levantine basin, 

particularly on the Lebanese coast.  

Moreover, in accordance with the topography of harbour sites, the wind models highlight their 

maritime accessibility: direction of sailing from and to each site, and their protection from 

predominant winds.  

Congruently, the modelling of wave heights for each harbour site reveals the level of protection 

they afford for ships and boats. 

This paper puts forth a detailed approach that testifies to the local character of the 

Mediterranean, and proves the necessity of integrating enhanced and localised analysis within a 

holistic study of ancient harbours. It also presents a new model by which to examine ancient 

harbours in general. 

Authors Øyvind Ødegård, Asgeir J. Sørensen, Martin Ludvigsen, Stein M. Nornes  

Title  
Underwater Robotics in Marine Archaeology 

Abstract 
Recent years have seen an increasing adoption of advanced technology into mainstream marine 

archaeological research and management. Improvements in user friendliness, availability and 

data quality have helped to put hi-tech gadgets and advanced computer software into the 

archaeological toolbox, and what happens at the digital frontiers in maritime archaeology will 

no doubt have great impacts on the disciplineôs future. The Applied Underwater Robotics 

Laboratory (AUR-Lab) at the Norwegian University of Science and Technology (NTNU) is a 

multidisciplinary collaboration between the faculties for engineering, natural sciences and the 

humanities. Through shared infrastructure and joint research cruises, developers and end users 

of technology work together on overcoming challenges and optimizing methods related to 

marine sciences, including marine archaeology. Using Remotely Operated Vehicles (ROVs) 

and Autonomous Underwater Vehicles (AUVs) as platforms several novel sensors have been 

applied to selected underwater cultural heritage sites. This paper will present some examples of 

data acquired by an Underwater Hyperspectral Imager (UHI), Synthetic Aperture Sonar (SAS) 

and stereo camera photogrammetry. It will discuss the platformôs and sensorôs suitability for 

different archaeological operations (detection, recording and monitoring). Further it will 

present current research on guidance, navigation and control in underwater robotics at AUR-

Lab, and discuss its potential benefits for marine archaeological research and management 

applications. 
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Authors Madeline McAllister   

Title  

Virtual diving: Analysis of the archaeological value in image-based 

digital recording and reconstruction of underwater shipwreck sites in 

Western Australia 

Abstract  
The fundamental problem within archaeology is that knowledge is ultimately formed through 

the guided destruction of the cultural heritage resources that are being studied. Consequently, 

accurate and highly detailed recording of sites during all stages of archaeological work is 

essential. Additionally, when applying archaeology to an underwater environment speed and 

accuracy become key factors of any recording technique. Photographical recording fulfils 

ethical requirements of completing archaeological work to the highest possible standard and is 

widely acknowledged as one of the archaeologistôs most significant and frequently used tools. 

As Baker and Green (1976) emphasised, the greatest value in recording with photographs is the 

infinite detail, surpassing even the best archaeological site plan.Until recently, acquiring 

photographs of an underwater site and processing them into a digital 3D reconstruction was 

time consuming and required specialist skills. Advances in algorithms for computer science and 

machine vision now allow raw images to be quickly processed and 3D reconstructions 

automatically derived. These advances are enabling archaeologists with minimal training to 

create geometrically accurate image-based 3D reconstructions of underwater archaeological 

sites, fulfilling essential archaeological requirements of recording a site quickly and accurately. 

This recent and significant increase in digital 3D reconstructions raises the need for basic 

guidelines for digital recording of archaeological material and sites to ensure that standards are 

upheld and that there is a thorough understanding of exactly what is presented in the final 

model. Moreover, we should perhaps pause and reassess what these image-based techniques 

provide in terms of accurate recording of archaeological data before they become mainstream 

and conventional archaeological techniques. Do they promote interpretation of archaeological 

data and sites, or do they only present narrow, highly subjective views? How objective are 

these techniques? How do they influence the current archaeological process? 

In this paper I discuss my PhD research, which proposes to contribute to techniques and 

methods for recording underwater archaeological sites by testing, analysing and refining a 

methodology for accurate and affordable image-based recording and reconstruction of 

shipwrecks in Western Australia (WA). Ultimately, providing a detailed, accurate and 

informative digital representation of shipwreck site/s for archaeological interpretation. Overall, 

both legacy data (data previously collected) and new data (collected during this research) will 

form the basis for the project. 

This dissertation is running in conjunction with the Australian Research Council Linkage 

project óShipwrecks of the Roaring Forties: a maritime archaeological reassessment of some of 

Australiaôs earliest shipwrecksô (LP130100137, Lead CI: Paterson). The Roaring Forties 

Linkage Project aims to make a significant contribution to our understanding of Europeans 

active in the Indian Ocean and the Western Australian region during the 17th and 

18th centuries through reassessing maritime archaeological sites and examining how 

approaches to maritime archaeological sites have changed over time in terms of both new 

research questions and new technologies. 
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Authors Pat Thomas Tanner  

Title  

3D Scanning, Contact Digit ising and Advanced 3D Digital Modelling for 

the reconstruction and Analysis of Boats and Ships 

Abstract 
Using examples from the Traditional Boats of Ireland project which has used 3D laser scanning 

to record more than 60 vessels over the past three years, case studies will demonstrate the 

capability of 3D laser scanning to rapidly capture three dimensional data in the field, any create 

a three dimensional digital model. In creating the digital model, each individual component is 

solid modelled in the computer software and assigned a material. This enables the software to 

calculate important factors such as centre of gravity, density and establish a floatation condition 

for the vessel,  in order to examine construction details, hydrostatic analysis, and analyse 

external influences such as ballast, cargo and crew, wind load on rigging and hull, and sea 

conditions. 

A second case study using the remains of the mid 15th century clinker built Newport Medieval 

Ship,  which has been excavated, cleaned, documented, modelled and is now midway through 

PEG and freeze-drying conservation treatment. Digital documentation methods, including laser 

scanning and contact digitising were used extensively. Individual ship timbers were recorded 

using contact digitisers to record full size three dimensional wireframe models, and to record 

important features such as tool marks, fasteners and edges. Different features, such as nails and 

wood grain, were recorded on separate layers and in specific colours. The wireframe data was 

then surfaced to create a digital solid model which accurately represented the volume and 

geometry of each individual timber, and finally physically manufactured at 1:10 scale using an 

additive manufacturing process called selective laser sintering. 

 

The manufacture and assembly of a 1:10 scale physical model of the vessel remains has 

provided both construction sequence information and a suitable foundation from which to 

reconstruct the missing or damaged areas. The physical scale model was 3D laser scanned to 

create a digital version and used as the basis for a digital reconstruction. The digital model is 

then repaired, and a set of lines extracted and faired using Rhino3D software. The lines were 

turned into a digital hull model and analysed in a related software program called ORCA, 

which has been used to determine hydrostatic and hydrodynamic characteristics. The use of the 

abovementioned advanced digital modelling software and approach quickly allows for multiple 

variables to be tested and modified in order to reach a definitive original hull form. 

 

 

Authors Carlo Beltrame  

Title  

Underwater photogrammetry applied on two cargos of marble of Roman 

age 

Abstract 
In the last two years, the team of maritime archaeology of the Università Ca' Foscari di 

Venezia, directed by Carlo Beltrame, has experimented and compared on shipwrecks various 

techniques of underwater documentation. The better results come from the multi-image 

photogrammetry technique. This system reproduces the archaeological evidence in a precise 

and correct way, both from an iconic point of view, because it uses photographic texture, and 

from a metric point of view, because the final errors are minimal and derisory. 

The photogrammetric documentation is supported by a metric documentation, with coordinates, 

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 rapresented 
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by huge blocks with different depth, number and disposition on the seabed. Those 

characteristics determine the choice of the documentation which has to integrate the 

photogrammetry. 

The Marzamemi I Roman shipwreck is composed by 14 marble elements consisting in blocks, 

big columns and squared stones, scattered on the seabed; some of the blocks lies far from the 

main cluster. It has been necessary a subdivision of the photogrammetry in four different 

clusters, which are then positioned with a trilateration method. The trilateration was realized 

with a DSM (direct survey method) technique which produces not absolute coordinates, which 

must be georeferenced with a GPS. 

The Capo Granitola Roman shipwreck is composed by a 'coherent' cargo of 65 squared marble 

blocks, found in the stowage position; the upper part of these blocks lies at a depth from 2 to 3 

meters. In this case we have decided to use a differential GPS to measure the markers on the 

blocks. 

Each coordinate is inserted in the 3D model realized by photogrammetry which must be scaled, 

controlled and corrected. Because to realize a complete study of an archeological underwater 

site we need to obtain a 3D model with correct measures, the use of the 3D technical 

documentation method, as a support for the multi-image photogrammetry, has proved an 

important and essential part of the documentation. 

 

 

Authors 
Dominique Rissolo, Alberto Nava Blank, Vid Petrovic, Michael Bianco, Perry Naughton, 

Eric Lo, Falko Kuester, Roberto Chavez Arce, Antonella Vilby.  

Title  

Refining techniques for underwater structure-from-motion (SfM) image 

acquisit ion and processing  

Abstract 
Structure-from-motion (SfM), as a means by which 3D reconstructions can be generated from 

2D photographs, has been widely adopted as an accessible and empowering technique for rapid 

documentation and visualization of archaeological objects, features, and sites. However, its 

application in underwater environments presents certain physical and methodological 

challenges. Open source and commercial 3D reconstruction software applications are readily 

available, though limitations include domain specific capabilities, data preconditioning, 

computational complexity, and accuracy. The Center of Interdisciplinary Science for Art, 

Architecture, and Archaeology (CISA3) at the University of California, San Diego is 

developing innovative tools for cultural heritage diagnostics, analytics, and dissemination and 

is focused on new advanced protocols for underwater SfM documentation and visualization of 

underwater cultural heritage sites. 

 

 

Authors Dejan Veraniļ, Aixa Andreetta  

Title  

The »PALAFITTES GUIDE«: personal guide to the pile dwellers and 

their settlements. 

Abstract 
On June 27

th
 2011 the Prehistoric pile dwellings around the Alps were added to the UNESCO 

World Heritage List. There are 111 enlisted sites out of around a thousand known. Six 

participating countries: Switzerland, Austria, France, Germany, Italy and Slovenia established 

common management for the serial site. As a brand new member of World Heritage list the 

image of pile dwellings being one serial site was and still is of great importance.  
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The need of presenting the siteôs outstanding universal value also contributed to the forming of 

the audio guide.  

On behalf of the international coordination group, leading archaeologists in conjunction with 

science journalists from Texetera, compiled the ñPalafittes Guideò. It is a great example of 

transnational cooperation. At more than 80 locations in Switzerland, Germany, Austria and 

Slovenia users can learn about the way of life of the ancient pile dwellers, and the work of the 

archaeologists who study them. There is a German and English version of the application that 

also has Slovenian audio tracks.  

The application works with iPhone and Android devices which has three modules. The first is a 

map of the Alpine region that shows the userôs current position and the locations of the 

prehistoric pile-dwelling sites. Attached to every site is an audio file lasting about three minutes 

in which users can learn more about the particular location. The audio guide works best when 

used on site. That way orientation in space and time is much easier. Usually there is one key 

point described per site. Here one can also find information about museums where the objects 

from the sites are contextualized. The second module contains a comprehensive collection of 

interesting background material about the pile dwellers. The last one has information about 

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 opportunity to 

understand them without disturbing the landscape. The application is a tool for heightening 

awareness and understanding the early farming communities in central Europe and building 

local and regional identity. 
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Authors Ann Degraeve  

Title  
Preventive archaeology: how can we bridge the digital gap? 

Abstract 
Being part of the urban building planning process within a legal framework and forced to 

produce a maximum of data within a minimum of time, preventive archaeology is thus thought 

to be the perfect setting for new digital techniques. These are supposed to offer archaeologists 

the possibility of gaining time within the harvesting, the production and the safeguarding of 

the data. We are however contrived to observe, after some years of preventive archaeology 

management, that this is unfortunately not the case. 

Although several basic digital operations found their way into the daily modus operandi in the 

field, such as the use of a total station, other techniques and tools, like photogrammetry and 

3D-scans, are clearly still not fully part of the basic knowledge in digital recording. For several 

reasons, many archaeological operations still lack the necessary digital input not only to save 

the archaeological data from their destruction inherent to urban development and this within 

an often very short time frame, but also, and in a worrying way, within the storing of the 

archaeological data, jeopardizing thus the necessary conservation of the archaeological 

heritage. 

As managing organization of preventive archaeology faced with the multiplicity of the actors 

and this digital gap, we should subsequently take our responsibilities towards the various 

actors. This communication wants therefore to focus on the problems encountered in the 

(unfortunately not widespread) use of digital systems within preventive archaeology and how 

we cope with this on a daily basis in the urban archaeology within the Brussels Capital 

Region, Belgium. 

The Brusselsô workflow consists of three main fields of action starting with the preparation of 

the field work via cartographic assessment of the archaeological potential. A multitude of 

ancient maps have therefore been vectorised and georeferenced towards the actual cadaster 

forming the legal base for the organization of preventive archaeology, i.e. the Atlas of the 

Archaeological Potential in the Brussels Region. During field research, a combination of 

various registration techniques has been put in place according to the type of data gathering 

and production to be done. A general management database system has been put in place 

obliging every archaeologist working within the Brussels Capital Region to enter their 

excavation data. The database system includes not only the data from field research 

(registration of layers, features, objects, samples etc.) but also the data concerning the 

laboratory and restoration activities and the management of the storage and archiving facilities 

( eg. ñgeoò-localization of the archaeological objects and samples within the storage rooms). 

This standardized data management offers thus the possibility of easy exploitation and sharing 

of data between researchers. It is, since 2014, coupled with a systematic open access 

publication of the excavation reports and paleo-environmental analyses, allowing thus the grey 

literature to disappear and give access to the archaeological results both to researchers and the 

general public. 
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Authors Maxime Seguin, Yaramila Tcheremissinoff  

Title  

A Systematic photogrammetric survey in a context of preventive 

archaeology: the collective grave of ñCavalade-Mas Rougeò 

Abstract 
The collective grave of ñCavalade ï Mas Rougeò was discovered before the construction of the 

A9 bypass of Montpellier city (Hérault, Languedoc-Roussillon, France). An excavation of this 

structure took place from August 2013 to January 2014. It is located on the outskirts of a 

previously excavated Neolithic village and was used around -3300 BC. The burial place 

occupies a large digging of 6 meters by 4 meters and 2 meters deep. The primary purpose of 

this cavity was a large domestic cellar. The funeral destination took place in a second time. 

The context and characteristics of this structure has led us to choose a recording method that 

permits an exhaustive and rapid acquisition. A specific recording protocol was set before the 

excavation phase in consultation with the administering authority for archeology (Service 

R®gional de lôArch®ologie). The objectives were to record all human remains and artifacts in 

three dimensions in a reliable and systematic manner. The manual drawing was excluded given 

the time constraints, the classical image registration could not guarantee the requested 

accuracy, and the use of a laser-scanner was not appropriate. Consequently, photogrammetric 

survey has been chosen for its set up comfort and low cost. 

The process allows, for each stage of digging, to produce an orthophotography and a digital 

elevation model (DEM). The resolution of these orthophotographies is 0.5 mm. The horizontal 

and vertical accuracy of the DEM is millimetric. Twenty photogrammetric surveys were 

conducted during five months : one 20-minute acquisition per week. The computations were 

performed with the MicMac software suite developed by the French National Institute of 

Cartography (IGN). It is dedicated to scientific purpose and is distributed under a free and 

open-source license. Tacheometric surveys were only used to measure ground control points. 

An overall photogrammetric survey of the cellar was also conducted at the end of the 

excavation. All produced data can be exploited through the QuatumGIS software. 

To our knowledge, a photogrammetric survey of such a volume in a context of preventive 

archeology remains unique. It has led to a significant gain of efficiency, time and accuracy. The 

interest of this case study also lies in the use of a completely free and open-source professional 

software suite. In the short term, this method could be used on a regular basis on other similar 

projects. 

 

 

 Authors Rupert Gietl, Luca Bezzi, Alessandro Bezzi  

Title  

Preventive Archaeology along the WW1 high alpine frontline. Challenges 

ï Approaches ï Limitations. 

Abstract 
In occasion of the 100

th
 commemoration of the beginning of WW1 on the Italian front in May 

2015, the Cultural Heritage Department of South-Tyrol together with Arc-Team has started a 

first pilot project aiming to find a reasonable way to handle the huge amount of remains on a 

600km long frontline on altitudes up to 4000m. The project started in 2012 on a restricted area 

of approximately 6 km2 on an altitude between 2000 and 2400 meters where we were able to 

record more than 1000 structures of a large second line Austro-Hungarian artillery cluster. 

Facing up to this facts, we tried to evolve a work-flow starting from archive-studies going on 

with large-scale geodata analyzes and finally arriving to low altitude aerial photography, 

ground survey and 3D-documentation. 
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The method was tested and improved during a European project along the Italian and Austrian 

border in 2014, which gave us the possibility to study an area with the presence of fist line 

defences of both warring parties: The complexity of the situation, mirroring the heterogeneity 

of the war-infrastructure itself, urged us to optimize another time. 

The final target is to get a quick, exact, low cost and open source based method of data 

collection which 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 yield of 

information got from different geodatasets, historical maps and low altitude aerial photos. 

The impressive gap between the effective density of the structures and the idea we have got 

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 public. 

We are testing different ways of sharing the results with the user, pointing at applications for 

mobile devices using geolocalization, camera tracking and augmented reality. 

 

 

Authors Enrico Petruzzi  

Title  

Collecting, managing and sharing archeological data: Preventive 

archeology in a urban context. Porto Torres, Sardinia, Italy. 

Abstract 
Cities with a long continuity of life represent one of the most stimulating and problematic field 

for the implementation of preventive archaeology. The frequency of the archaeological 

operations, the multiplicity of interests interacting and the complexity of urban structure make 

"multistratified cities" the context of the most strident opposition between modification and 

respect of existing evidences, planning of the future city and sharing of historical information 

within the society. 

The urban area of Porto Torres presents interesting features, related to recurrent processes of 

expansion and contraction of the city over the centuries since the foundation of 

the Colonia Iulia Turris Libisonis in the first century. B.C. 

The paper intends to retrace the development process of specific tools for managing geographic 

archaeological data, functional to the practices of preventive archeology, developed in recent 

years according to the implementation of the rules of protection provided by the Regional 

Landscape Plan of Sardinia. This path of conceptual evolution of the methodological approach 

to the study of the archaeological city, will be illustrated starting from the methods of 

acquisition of data often processed and stored in very heterogeneously forms from a basis of 

knowledge built over a century and a half of investigation. 

The partnership between heritage protection and State agencies and universities has marked this 

process since an early stage. Currently the strong collaboration between the Department of 

Architecture, Design and Urbanism of the University of Sassari (DADU) and the 

Superintendence for Archaeological Heritage is the ideal setting for testing the parameters of 

SITAN (Geographic Information Archaeological National System), research project born 

within a network of universities and supported by MIBAC and ICCD. 

The application of SITAN parameters is required by the Ministry of Cultural Heritage for the 

application of the methods of preventive archeology and for the sharing of archaeological data. 

Porto Torres is one of the first experimental contexts of this tool that allows to organize and 

share informations starting from punctual positioning of all types of archaeological data. 

The work is currently going forward on a double track:  
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Acquisition of archaeological data by reviewing the documentation from most recent 

excavation conducted along the coast line, the most sensitive area to the urban transformation 

in the immediate future. 

Creation of computer applications for predictive knowledge of the context focused primarily to 

the activity of heritage protection and urban planning but that can also be used for the 

dissemination of knowledge in the near future. Through the use of a postgreSQL DB server, 

connected via web using PostGIS client to open source GIS (QGIS) is enabled the acquisition, 

processing and online publication of the data and its direct use by the responsible for the 

institution of protection through the use of a positioning system based on web mapping API for 

smartphones and tablets. 
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Authors Liat Weinblum, Stefan Münger  

Title  

DANA (Digital Archaeology and National Archives) ï A New Software 

Tool for Field Archaeologists 

Abstract 
The paper presents and showcases a new archaeological documentation system jointly 

developed since 2011 by the Israel Antiquities Authority (IAA) and the Department of Jewish 

Studies, University of Bern (Switzerland). It is based on software elements previously 

developed for the Kinneret Regional Project database framework, operating since 2003.  

Governmental archaeological institutions, such as the IAA, are normally involved in rescue 

excavations and/or complex, long-term projects, often facing difficult work situations in 

urban/constructional contexts and usually bound to especially tight time frames. Therefore, the 

envisioned digital tool not only needs to streamline and facilitate the archaeological 

documentation process but is also required to simplify the administrative reporting workflow, 

including a seamless integration into the broader, already existing IT-framework of the national 

archives.  

Likewise, the system is expected to guarantee highest academic standards during fieldwork and 

in the following publication phases.  

The basis for DANA ï the digital documentation tool under discussion ï is the well-known 

Filemaker Pro database software (V. 12.0.3 and higher). This technically simple database 

environment allows easy programming, fast debugging and a handy fallback on already 

existing resources. However, the basic tools offered by Filemaker Pro would not allow a fluid 

and professional work environment. Thus, DANA is packed with additional technologies, 

improving both, communication with the different components of the software and the user 

experience.  

In its experimental stage, DANA was successfully tested on five medium scale IAA salvage 

excavations, of which each one imposed different requirements on the system.  Based on these 

test cases, DANA has been further improved towards a first productive version and was 

implemented in 2014 in all IAA excavations, counting more than 300 each year. 

 

 

Authors Francesca Anichini, Gabriele Gattiglia  

Title  
Preserving Italian archaeological open data: the MOD solution. 

Abstract 
The MAPPA Open Data (MOD) archaeological  repository (www.mappaproject.org/mod) 

stores and consider openly accessible all kind of archaeological data from raw data to linked 

open data produced during the research process, including metadata, and itôs connected with 

the Journal of Open Archaeological Data for good quality data.  Our infrastructure is hosted on 

GNU/Linux of the Centro Interdipartimentale di Servizi Informatici per l'Area Umanistica 

(CISIAU) of University of Pisa, is designed on an Open Source LAMP technological platform 

using an Apache HTTP Server, PHP 5.x scripting language and MySQL Open Source 

relational database. The growing volume of openly accessible data has a great impacting factor 

in the management and preservation of data. Currently, as our main purpose was to persuade 

the archaeological community of the importance of open data, we use a basic policy for data 

management: we acquire raw data from archaeologists, and we validate the data from a legal 

point of view.  

 

We published a detailed guide in which are explained the procedures that must be followed to 

prepare and provide the material to be published. In compliance with the laws, published 

documents are not expected to contain the personal data of natural persons who have not 



SESSION 2A 

INTERDISCIPLINARY METHODS OF DATA RECORDING, MANAGEMENT AND PRESERVATION 

 

47 

 

previously agreed to their publication, whether they are authors or third parties mentioned 

inside the records. Specific disclaimers have been prepared and can be downloaded to help 

authors correctly collect the authorisations needed to put their material online. Once validated 

the data, we embed metadata to each dataset describing all the information regarding the 

dataset itself, we stored the data in our repository, providing protection. We use a metadata 

schema for each dataset describing all the information regarding the dataset itself: the structure 

and format of the digital data, the history of the archaeological investigation, the sources used, 

the method and the relationship with the physical data. The schema is composed partly from 

Dublin Core and partly from ISO 19115 metadata core for the geographical section. We donôt 

describe the quality of data, because we firmly believe that the quality of research data must be 

responsibility of researchers in a sort of open peer review method. Preservation should ensure 

the authenticity, reliability and logical integrity of data in perpetuity. The solutions we adopt 

are: normalization, i.e. migration to widely supported open standards; version migration, i.e. 

migration through successive versions of a format, in many cases itôs the only option for 

preserving proprietary formats that donôt migrate to open standards (this is practical where the 

software using proprietary formats is widely used within a research community); format 

migration, i.e. migration to other formats for dissemination; refreshment media, i.e. migration 

between media which leave data unchanged. Finally, strongly pushing towards reuse, because 

reuse itself aids preservation, for this reason all datasets are licensed with CC-BY or CC-BY-

SA licenses and published with a DOI (Digital Object Identifier). 

 

 

Authors Giuliano De Felice, Andrea Fratta  

Title  
A dig in archive. The case of Herdonia. 

Abstract 
Since 2004 the Department of Humanities at University of Foggia holds the historical archive 

of Herdonia, containing the documentation of archaeological research carried out in the Roman 

town of Northern Apulia since 1963. Started as a Belgian project in 1962, in 1993 the Herdonia 

project became fully international, involving other European Universities and evolving into a 

wide field school for hundreds of archaeologists and students until year 2000 when field 

activities definitively stopped. 

The story hidden into the archive is long and complex, written in the documentation produced 

during 40 years of excavation and survey that led to the discovery of one of the largest daunian, 

roman and medieval site of Southern Italy. The archive is a unique memory covering a long 

time span, containing documents that are parts of the history of archaeological research, linked 

with various methodologies (from long trenches and Wheeler method to big areas) and realized 

using different techniques and technologies (from paper drawings to CAD models, to 3D 

scans). Moreover the archive contains other kinds of data such as excavations diaries, drafts, 

inventories, photos and also video tapes. 

The purpose of activities carried out at Digital Archaeology Lab is to share all the documents of 

Herdonia archive starting from spatial data, carrying out specific workflows for building a 

common environment in which digitized legacy data and digital born data can stay together. 

The first phase of the project has been thus the recovering all the hand-drawn maps, their 

digitizing and georeferencing in an open source GIS. For the first time all of the sectors and 

trenches dug up on Herdonia Site stay together, georeferenced, under the same roof.  

The main topic that will be discussed in the paper is the workflow used for referencing and 

blending sources belonging to different phases of the research, starting from graphic 

documentation and written sources. These kinds of documents represent the majority of our - 

and we can imagine most - archaeological archives and it is mandatory to extract from this kind 
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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, we are 

currently implementing a WebGIS platform that can be handy for several purposes, from 

research planning to visitor support. This platform is currently undergoing test phase on a 

smaller context of the roman Forum, where a very complex stratigraphy describes life phases 

from pre-roman times to early Middle Ages; the aim is to build an interactive 3D environment 

with a reconstruction of the whole chronological sequence and share it on a website. 

 

 

Authors Kang Li   

Title  

Computer-assisted archaeological l ine drawing by viewpoint-related 

feature extracting method 

Abstract 
Archaeological line drawing is one of the most important data recording technologies in an 

archaeological excavating process, and also an essential component of an archaeological report. 

Archaeologists use archaeological line drawings to illustrate the appearance and accurate 

geometric measurements of heritage objects. Traditional methods for archaeological line 

drawing is manually record line-drawing in 2D methods, the process hence quite laborious and 

time-consuming and the results varies between different recorders. In this paper, we propose a 

computer-assisted method to generating archaeological line drawings on 3D triangle meshes 

reconstructed from 3D laser scanning data of fragments of Terra-cotta Warriors and Horses of 

Qin by Creaform VIUScan. First, to reduce redundant lines detected on the rough and noisy 

surfaces with holes, we use the de-noising, holes filling, and mesh simplification method. 

Second, to extract the lines of 3D model, we introduce a viewpoint-related ridges and valleys 

extracting method. Third, because lines extracted from the second step are not connected, and 

some parts stiff, we proposed a stylized silhouette rending method by a improved line 

expanding algorithm. Finally, we generate the line drawing from the apparent geometric 

features of 3D object. Experimental results show that line drawing generated by this method 

can describe the shapes and appearance of heritage objects precise and clear. Compared with 

the traditional manual method, our method is more accurate and efficiency. The results is used 

as the line frames for the archaeologists to generate line drawings of archaeological report of 

the third excavation of Terra-cotta Warriors and Horses of Qin Dynasty. 

 

 

Authors Enora Maguet  

Title  

Palaeoenvironmental records and PHP possibil it ies: results and 

perspectives on an online bioarcheological database 

Abstract 
Palaeoenvironmental records, which represent now a rich amount of information, set complex 

problems of data management. Thus, they need to be stored within an appropriate device, such 

as a local or online RDBMS.  

 

Indeed, several European bioarcheological database projects already exist (Bioarch, 

BioarcheoDat, Arbodat), but they concern more often anthracological and archaezoological 

samples than palynological records. For these reasons, we decided to gather the palynological 
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and anthracological results of the investigatory works carried out among the archaeological unit 

of Rennes (UMR 6566 CreAAH). Afterwards, we built an online relational database whose 

aims were to allow palaeoenvironmentalists to record,  read and exploit this information. 

The database, called ABCData (for Archeology, Biodiversity, Chronology Data), was created 

using the FuelPhP framework, which respects the Hierarchical Model View 

Controller architecture, and allowed us to generate the numerous files associated to the CRUD 

(Create, Read, Update, Delete) functions of the different tables. The tables are stored in a 

PostgreSQL database, hosted on the OSURIS server (Rennes 1), and were created through the 

administration PhpgAdmin interface. The user interface, (http://archeosciences-

abcdata.osuris.org/), required the use of several programming languages, as well as two free 

libraries, PhpExcel and D3.js. The first one allows the user to import and export spreadsheets, 

and the second one to generate graphic representations of the palynological results. 

A prior attention was brought to ensure possibilities of interdisciplinary and interoperability 

with other palaeonvironmental remains and databases, and more specifically to foresee the 

problems associated to the dating and chrono-attribution of the samples, and to the taxonomic 

references. 

The php database also permitted the construction of a palynological query interface, in 

association with a SVG (Scalable Vector Graphic) generator. These tools provide an interesting 

way of analyzing the sample data, crossing the different records and studying the impact of 

numerous parameters such as the topographic implantation or the sediment characteristics 

throughout the Holocene period. We conducted a series of analyses based on the palynological 

content of 43 sedimentary cores from the Paris Basin, in order to compare ABCDataôs 

performances to the synthetic history of the basin vegetation set on the empiric merging of the 

same data, since the late Epipaleolithic times. This study revealed a great accordance between 

the two methods, and highlighted some bias and the necessity of permanently watching over of 

the statistic distribution of the samples. 

Therefore, it seems that the ABCData project could bring fertile bioarcheological hypothesis, 

especially by developing interdisciplinary queries. Likewise, the D3.js library used for the SVG 

generator could provide new forms of palaeoenvironmental representations, like dynamic 3D 

graphs. 

 

 

Authors Smaragdi Papagiannopoulou, Niki Naoumidou  

Title  

When Archeology and Conservation meets in a cultural information 

system for movable archaeological f inds so-called: Mnemosyne 

Abstract 
Introduction: 

Through the definition of the profession of conservator as given by the ICOM-CC and the 

Charter of Venice it becomes clear that the documentation and recording is important for each 

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 use of 

information systems is necessary. 

 

Purpose of the poster: 

 

The purpose of this poster is the presentation of "Mnemosyne'', a web-based management and 

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 requirements 

analysis, the users, the structure-design, the content, the software selection and the compliance 

with international standards. 

 

"Mnemosyne" was created to meet the needs for documentation and management of 

archaeological information and information of conservation of excavation finds, by recording 

all scientific and administrative procedures incur from the discovery of the excavation finds in 

any change in their condition. Every action is documented, dy the use of photographs, designs, 

with the use of physical and chemical parameters and with the use of bibliography, linking the 

responsible person that acted, the time frames of the action, the place of it as well as the 

motivation and the means used. 

 

For its implementation, it was used a free and open source software. It was developed in PhP 

programming language, with the Drupal Content Management System in an Apache server. 

The database was designed in MySQL. For the data modelling, archaeological information and 

conservation information of the 1st Ephorate of Prehistoric and Classical Antiquities, have been 

studied. The system was designed and implemented as the bachelor thesis in the Department of 

Conservation of Antiquities and Works of Art, TEI of Athens, Greece 

 

Conclusions ï Results: 

 

In conclusion, ñMnemosyneò is an interdisciplinary system that connects information from 

different scientific fields where users are classified into specific roles. It sufficiently supports 

the inductive procedure of recording information from fragments to the complete object and 

presents them under two central axes, the conservation report and the archaeological report. It 

is compatible with international standards such as the CIDOC - CRM, Object ID, directions of 

AIC etc. It is an online platform that creates in real-time a fully supervisory overview. 
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Digital laboratory recording: workflows and data models for artefact 

processing 

Abstract 
The registration and cataloguing of artefacts has almost completely moved from paper to 

computers in a variety of forms, and with the introduction of powerful mobile devices comes 

the opportunity to digitally record this process in ways that are efficient, flexible enough to be 

adapted to different projects and different regulatory regimes, and capable of generating 

sophisticated highly linked datasets. 

This poster presents two examples of the application of this approach using Android tablets, 

Open Data Kit Collect xForms application and a server-based data modelling and management 

system. 

The first example is the process of automated artefact primary inventory, further cataloguing 

and study applied within ñBeyond the city walls (BCW): the landscapes of Aquileiaò, a 

landscape archaeology project based in Aquileia, Italy. Routine collection of artefacts is 

undertaken during field walking survey and a large amount of manifold archaeological artefacts 

were collected over four years of the project (2010/2013). To handle the cataloguing and 
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storing of a considerable number of artefacts an efficient process was set up to minimise the 

time spent in primary inventory procedures and to automate them as much as possible, as well 

as provide a valuable analysis tool in the following artefact study phase. 

The second example is the inventory of artefacts from the Zagora Archaeological Project 

(ZAP) a multi-disciplinary investigation of the Early Iron Age settlement of Zagora on Andros, 

Greece. Important aims in this project have been to use digital data capture and storage as much 

as possible, the integration of new data with the extensive records from the earlier 

investigations managed within an existing database, and the provision of preliminary feedback 

to fieldworkers and researchers, in the form of annotated photographs, as quickly as possible. 

In both cases initial development included the creation of a data model. The inventory 

workflows were then identified and data collection forms created for each workflow. The forms 

ï with the existing data model integration mapping ï were downloaded into the ODK Collect 

Android application running on Lab-dedicated tablets. Data collected was then uploaded, 

tracked and ingested seamlessly into the data model of the server database. Our experience 

demonstrated that choosing a flexible delivery system, such as ODK, that allows applets to 

capture data in a customised way means the system can be easily adapted for a variety of data 

collection needs. A fundamental aspect of our approach is the decoupling of the data collection 

workflow from the ultimate data model. This made possible efficient data collection in the lab 

and automated processing to conform to the data model in the database. 
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Archaeological and physicochemical approaches to the territory: on-site 

analysis and muldisciplinary databases for the reconstruction of 

historical landscapes . 

Abstract 
Archaeological surveys combined with physicochemical analysis and the statistical treatment 

can be used as powerful tools to offer a comprehensive picture of historical territories impacted 

by ancient settlements mine exploitation. Despite the fact that information could be hidden 

depending on different historical circumstances and local conditions (i.e. overlapping 

stratification, concurrent influences etc.), in fact traces of different activities persists as 

fingerprints in the landscape. 

Following archaeological and historical questions, a number of scientific techniques applied on 

environmental matrices (i.e. soil, stream sediments, water, plants) can be employed with both 

predictive and descriptive goals (Benvenuti et alii, 2014). In particular, high throughput 

techniques can be used in multi-scale investigations (intra-situ and medium-large territorial 

scale) in order to obtain detailed chemical and/or geochemical maps. The merging of these data 

with archaeological maps will give a more accurate interpretation of the historical context and 

can be very advantageous in the excavation planning of a site (Dallai et alii, 2013). 

This model need a specific care in the classification, storage and recovering of the data. 

Consequently the production of a òsmart databaseò is mandatory in order to have a correct 

inter-exchangeability of the data and flexibility in the data-mining. 

In the present work the methodological approach of our research is reported together with key 

studies demonstrating its validity and robustness. 

In particular we focused our attention on some ancient mining and smelting sites of ñColline 

Metallifereò, a wide territory located in the south-west of Tuscany. This area is characterized 

for the presence of arsenic and heavy metals contamination associated with a relevant and long-

standing tradition of ore mining and processing (Donati et alii, 2005). The great development 

of mining activity was due to the presence of a large mineral deposit, mainly constituted by 
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mixed sulfide ores that were exploited since Eneolithic age for the production of copper, silver, 

lead and iron. Beside this, considerable alunite deposits underwent to a systematic extraction 

activity recorded from Late Middle Age to early XIXth century. Here, archeological research 

has been developed since ô80 through excavations and surveys, covering a territory of more 

than 145 km
2
, recording and describing over 2500 sites (about 50% of these were ancient 

mining and/or smelting sites) (Bianchi et alii, 2009). 

Through this multidisciplinary approach several sites were investigated; the results have 

contribute to propose a possible historical interpretation of the landscape, with a special focus 

on their mining and metallurgical aspects, and have offered new possible perspectives to 

ongoing archaeological researches. 
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Putting architectural changes into context: the historySkyline visual 

metaphor 

Abstract 
When trying to understand and recount how pieces of architecture get transformed as time 

passes by (may we observe one particular historic edifice or a whole urban structure), analysts 

pull together a variety of documentary hints helping them to spot and depict changes over time, 

and to order (if not date) those changes. 

The word ñchangesò means here of course morphological or structural modifications such as 

extensions or demolitions, addition of new architectural components or removal of deprecated 

technical solutions, replacement of a material by another, etc. But it may also refer to 

successive functions devoted to a piece of architecture or to successive ownerships and role in 

the city for instance. 

At the end of the day, analysts try to end up with a sort of ñchain of eventsò where periods of 

stability and changes are assessed and ordered in time, and where the actual physical layout of 

pieces of architecture is likely to be represented in 2D or 3D through contemporary geometric 

modelling platforms (typically, VR applications). 

 But when looking at it from closer, what exactly are architectural changes? A random, 

accidental, phenomenon, a sort-of matter of chance? 

What initiates them? Why do they occur? Why do they precisely occur in one specific place at 

one specific time?  

In this contribution we base on the claim that it can be worth considering architectural changes 

over time asconsequences ï and accordingly to try and cross-examine the underlying 

possible causes. 

More modestly and pragmatically, the research is aimed at relating architectural changes to 

potential causal factors by correlating information on architectural changes (in terms of 

morphology, structure and function) with information on a global context (legal issues, natural 

phenomena, demography, wars and rulers, etc.). 

 We introduce a visual metaphor called historySkyline aimed at aligning architectural events 

(any changes, including destruction or extension) and facts that may have impacted these 

events (in short, pieces of information about historical contexts). The visualization combines a 

recount over time of architectural transformations (by type) with indications on the amounts of 

historical evidence available and with a variety of contextual information such as wars, natural 

disasters, life of important people, demography, new laws, etc. The visualisation does not 

actually mention causality: it barely puts facts that occurred at the same period side by side. It 

is applied to architectural changes on Cracow's Main Square (over 40 edifices at one time, 3 
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left today ï 371 architectural changes recorded, 538 bibliographic sources, 478 pieces of 

information about various elements of contextualisation). It builds on an infovis-birthed 

mantra: using vision to think, with here a specific bottleneck ï highly heterogeneous data sets. 

The contribution introduces the methodological and technological choices behind 

the historySkyline visual metaphor, and discusses its practical benefits and limitations in terms 

of information discovery on the abovementioned test field 
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Slow-motion videography and recording experimental archaeology 

Abstract 
Since the very beginning digital imaging techniques have been of great importance for 

archaeology. The material remains of the past found during the process of excavation have 

static character. This is why the use of photographic stills dominates archaeological imaging. 

Modern archaeology deals not only with creating frozen images of the past, but also with 

understanding the variety of dynamic processes that happened. While some processes in past 

societies took generations to occur, others happened within the blink of an eye. The examples 

of the latter are frequently related to studies of how material culture was created, and often are 

recreated through experiments. 

All such cases demand very scrupulous documentation of the process. Especially so, if some of 

the reenacted phenomena appeared very fast. Even less dynamic events may not necessarily be 

well understood when observed in real time. Such problems can be dealt with by introducing 

methods that have already been in frequent use in industrial experiments or sports coaching - 

slow motion videography. This used to require expensive equipment but now such imaging is 

possible with some consumer grade digital cameras or smartphones, therefore becoming easily 

accessible to archaeologists. It is perfect for documenting phenomena, for instance related to 

material endurance or improving the understanding of stone tool making gestures. Such video 

recordings provide certain characteristics that facilitate adequate, reflective perception of 

experiment, but also produce as a ñby-productò videos with considerable aesthetic qualities 

which are suitable for dissemination among popular audiences. 
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Virtual excavation of burials uti l izing Computed Tomography imaging 

Abstract 
We utilize computed tomography (CT) imaging to study naturally mummified remains of 

individuals buried beneath Northern Finnish churches during the early modern period. 

Otherwise human remains seldom survive in the acid soil of the region.  

Our aim is to determine their physical measurements and pathological lesions to derive 

information about their living conditions by using diagnostic software of the CT scanners. 

Since the future preservation of the remains is uncertain, a further aim is to assess their 

preservation and save the physical attributes of the mummified remains in digital form. 
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Moreover, these methods allow us to perform repeated 3-dimentional, layer-by-layer 

dissections not only of the human remains but also of the burials as entities. We are also able to 

gather information about burial materials ï such as the coffin itself as well as the textiles, 

ornaments, plant elements and other accessories sealed inside it ï without harming this unique 

heritage. In a sense, the examination functions as a virtual, repeatable and non-invasive 

archaeological excavation. Prior to this project we had already utilized pQCT (peripheral 

quantitative computed tomography) and CT scanning in osteological method development and 

other studies of bone material. Although CT imaging is widely used in the research of 

mummified human remains, this is the first such study on naturally mummified individuals 

from Finland. Additionally, the examination of the artefacts associated with the burials solely 

via CT imaging is somewhat of a novelty. It is for instance possible to study preservation, form 

and quality of textiles using exclusively CT images. The project was initiated in 2011 with a 

CT study (64-slice CT scanner, Discovery 690, General Electric Medical Systems, Milwaukee, 

WI, USA) of the mummified remains of a 17th century Northern Finnish vicar. This pilot study 

proved CT imaging to be a useful method in reconstructing past lives of people from the 

northern periphery of Europe. More recently the coffins of seven sub-adult individuals were 

imaged using updated hardware (2x128-slice dual-energy CT-scanner, Somatom Definition 

Flash, Siemens Healthcare, Erlangen, Germany). Studies focusing on their anthropometrics and 

burial textiles are on their way and even dendrochronological analyses of the wooden coffins 

may be possible. 

 

 

Authors Thom Corah, Douglas Cawthorne  

Title  
Driving Engagement in Heritage Sites Using Personal Mobile Technology 

Abstract 
In a recent UK Arts and Humanities Research Council (AHRC) funded project researchers 

from De Montfort University, the University of Nottingham and the University of Durham have 

collaborated with two community heritage groups to produce two innovative new mobile apps. 

The project and the apps are intended to address particular issues surrounding the use of mobile 

digital technologies for co-production of community heritage interpretation in community 

archaeology and to examine how the explanatory and interrogatory potential of mobile device 

software can be used to build community led interpretive paradigms for post excavation 

analysis, presentation and education in community archaeology projects. 

The use of smartphone and tablet devices has been growing significantly over the past five 

years and is now becoming more common in heritage and museum settings.  

The aim is often to further develop public engagement with tangible and intangible cultural 

heritage, explain and explore existing information about artefacts, sites and cultures and present 

new information in engaging, accessible and meaningful ways to a range of audiences. 

Community archaeology groups are becoming alert to this trend and wish to engage with it too, 

particularly for 3D exploration of built archaeology and the artefacts associated with it. This 

poses a number of challenges to these aims that differ from those for artefacts and documents in 

museum settings alone. It also poses contextual challenges in relation to specific and highly 

engaged user groups like community archaeologists. 

This paper describes the completed apps which have been designed to address some of these 

unique challenges of interpreting and exploring 3D digitally reconstructed historic buildings on 

mobile platforms for community archaeology and heritage groups. Concepts underlying the 

design and implementation of the apps are addressed and examples of their use in two specific 

archaeological projects in England are described; a Roman bath house in Northumberland and 

an historic urban fabric in Southwell, Nottinghamshire. The paper focusses upon paradigms 

adopted for visualisation and exploration and also upon the web-based management methods 
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developed to allow the community heritage groups themselves to upload, interpret and present 

their own data and media in relation to the 3D visualisations of the buildings in the apps and by 

doing so take substantive control of the interpretation of the archaeology they are involved 

with. This rich, community produced media content such as documents, images and videos 

forms a persuasive body of constantly evolving evidence and knowledge which distinguishes 

this innovative approach from many other 3D visualisations of historic buildings on mobile 

devices. The paper concludes with observations on the use of the apps by the groups and in 

particular upon the user experience, changes in the focus, strategy and thought prompted by use 

of the apps and on their effect upon wider public engagement. 

 

 

Authors Cynthia Mascione, Luca Passalacqua, Rossella Pansini  

Title  

Integrated methodologies for the reconstruction of the ancient city of 

Lixus (Morocco) 

Abstract 
In 2010-12 the University of Siena, in collaboration with the INSAP (Institut National des 

Sciences de l'Archéologie et du Patrimoine) and the University Mohamed V- Souissi of Rabat, 

carried out an archaeological project in Lixus (Larache), one of the most important centres of 

antique Morocco. The site lies on a hill over the Loukkos river estuary. It was inhabited, not 

continuously, between the VIII
th
 century BC and the XII-XIII

th
 century AD. The city area was 

first investigated in the XIX
th
 century and under the Spanish Protectorate in Morocco (1912-

56). In recent years, other archaeological expeditions were led by the University of Valencia 

and the INSAP. Previous research brought to light several public, private and productive 

structures. Among these, the cetariae quarter is nowadays the largest fish processing complex 

of the Roman Empire. The topography of Lixus was documented by some aerial images, 

produced by a photogrammetric survey realised in 1966, and 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 records, 

-          geophysical prospections of unexcavated areas, 

-          topographical survey of emerging structures, 

-          DGPS survey, 

-          2D and 3D land-based and aerial photogrammetry, 

-          survey and analysis of the archaeological stratification and building techniques of the 

city walls, 

-          analysis of the diachronical urban evolution of a quarter located on the eastern slope of 

the hill, close to the supposed forum. 

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

This multidisciplinary approach produced a great amount of data, that led to the revision of 

Lixus urban plan and the definition of the historical and archaeological evolution of the city 

walls and of the eastern slope quarter. 
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Title  

UNESCO World heritage serial property Prehistoric Pile Dwell ings 

around the Alps, Monitoring of pile dwell ing near Ig, in Ljubljana Marsh 

Nature Park with photogrammetry and BIM approach. 

Abstract 
The serial of Prehistoric Pile Dwellings around the Alps comrises a selection of 111 out of 

about 1000 known archaeological pile-dwelling sites in six countries around the Alps 

(Switzerland, Austria, France, Germany, Italy and Slovenia). In Slovenia, Ljubljana marsh 

clusters forty pile dwellings, dating from 4600 BC to around 1600 BC. Only a part of the sites 

had been excavated until now. The results show us the early agrarian societies in interaction 

with their environment during the neolithic and bronze Ages. In the case of prehistoric pile 

dwellings, the monitoring of the sites is crucial to ensure the continuing integrity and 

authenticity of the sites and their contexts. In prehistory area of Ljubljana marsh was covered 

with lake. Now a mosaic of different habitats provides living space for many, including 

vulnerable and endangered, species. Ljubljana marsh is a natural protected area and the area of 

pile dwellings in Ig, a monument of national importance. 

When we talk about the remains of pile dwellings in situ we think of the cultural layers created 

during the formation, use and decay of the settlements. Extremely well preserved organic 

material is a specificity of these archaeological sites. They were preserved due to the constant 

presence of water, absence of oxygen, and consequently low activity of microorganisms. The 

constant presence of water is therefore crucial for pile dwellings to remain intact. Pile 

dwellings in lakes are threatened by erosion and water transportation. The results of the 

monitoring of groundwater levels with piezometers in Ljubljana marsh and Ġpica in Ljubljana 

indicates that the cultural layer is not currently threatened. But river erosion is a potential 

danger: there are reports of several endangered sites and presently we lack basic monitoring for 

the identification of current erosion. 

This paper proposes a protocol of pile dwelling monitoring. Its location in a marshland  in the 

river bed makes it vulnerable to water erosion and limits the possibilities of monitoring with 

traditional techniques. Our protocol uses photogrammetry as technical survey for its accuracy 

and its relative ease of use in the work field. Non accessible on foot, the different photographic 

campaigns have to be carried out from the channel aboard a cannoe. Data processing- meshing, 

segmentation, semantic enrichment-, should lead to the integration of data in a BIM system. 

The comparison of  the different data sets will result in a quantitative and qualitative analysis of 

erosion of the pile-dwelling site in a year. This protocol is tested to be applied to the monitoring 

of all pile-dwelling sites to facilitate  management both in terms of research and protection and 

to support the interpretation of sites. 
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Title  

Re-shaping the excavation - The use of Computer Vision to bring back to 

l i fe everyday tools and burial contexts 

Abstract 
Since a ñreconstructionò is no more the right  way to interpret archaeological excavations, 

small finds and bones, Computer Vision tools are considered the best way to bring them back 

to life after an -obviously- destructive excavation. Given different interpretations by different 

people working on-field, traditional techniques are no more that objective and need to be 

integrated with advanced technological in-field tools, creating opportunities to visualize and 

interpret ancient contexts and possibilities to evaluate small features both in everyday tools and 

in human bones. Features of the stone furnishings under analysis were acquired using 

Computer Vision methodologies and processed with MeshLab. The present project aimed at 

using Computer Vision potential to evaluate and analyse, in a non-invasive way, medieval 

artefacts, their function, as well as tiny marks in human bones, applying filters to meshes so as 

to inspect small features, the real artifact shape, and to take actual measurements. This in turn 

permits to compare them with similar objects found in the same context, providing a new way 

of ñre-shapingò the excavation thanks to new interpretations and to a quick, cheap and effective 

way of comparison of more similar objects excavated throughout many years in different past 

campaigns. Acquiring several graves and their grave goods in ñreal-timeò, georeferencing 

them, connecting them with furnishings found in houses and workshops helps reconstructing a 

perfect timeline and finding in the end a strict connection between dead bodies and everyday 

space belonging to alive people. 

 

 

Authors Roosje de Leeuwe  

Title  

Integration of 3D scans, photogrammetry and Total Station data in 

forensic archaeological case work 

Abstract 
In the Netherlands Forensic Archaeology is an archaeological discipline applied to crime 

scenes, specifically those with buried or scattered human remains or buried objects. As 

discipline it is positioned within the Netherlands Forensic Institute (NFI). Crime scene work is 

a cooperation between various disciplines, where a forensic archaeologist works together with 

the visualization team of the National Police Corps. The visualization team makes 3D scans 

and record parts of the crime scene with a Total Station. Afterwards, the 3D scans and Total 

Station data is integrated by the forensic archaeologist in GIS with other (by means of 

photogrammetry) recorded data, such as collected evidence. The results presented in the NFI 

report clarifies the situation at the crime scene. This helps for example tactical police officers to 

test a scenario or it helps a judge to understand and reconstruct the actions of a perpetrator at 

the crime scene. By means of several case examples the practical integration of 3D scans, 

photogrammetry and Total Station data in GIS will be explained. 
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Integrating remotely sensed surface and subsurface data in three 

dimensions for a new look at old spaces 
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Abstract 
Over the past century, traditional field surveys and excavations in Petra, Jordan have 

contributed greatly to a wider understanding of Nabataean materials, architecture, society, and 

spaces. Recent implementations of archeo-gephysical methods are proving to supplement this 

ever-growing body of research successfully. Our recent ground penetrating radar and terrestrial 

laser scanning surveys at the Monastery (ad-Deir) in Petra have had similar success in 

identifying new features that have previously gone undetected. Individually, each method 

yielded interesting datasets about the Monastery providing new insights about this enigmatic 

façade. On their own, single method approaches are often limited to either surface (e.g. 

terrestrial and airborne lidar) or sub-surface (volumetric GPR or 2.5 dimensional geophysical 

imagery) spatial data types at scales specific to the each individual dataset at site-specific 

scales. Relationships between datasets remain unexplored and limited attention is paid to their 

greater context and the complex socio-spatial landscapes of Petra. By amalgamating these 

approaches through data fusion in a single visualization, we explore the potential for alleviating 

these limitations by implementing an integrative methodology that considers the multi-

dimensional (surface/sub-surface), mutli-sensor, and multi-scalar datasets of the Monastery 

within broader temporal/cultural/physical socio-spatial landscapes of Nabataean Petra . 
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Title  
Past progressive: Interacting with simulated archaeological assets 

Abstract 
As cooperating interdisciplinarily gradually becomes the core of many archaeological projects, 

integrating data from multiple and diverse sources is seen as an indispensable component in the 

work pipeline. Digital and 3D data are common components in archaeological information 

databases, however expectations regarding their employment steadily rise beyond their service 

as aids in passive visual representations. The rapid progress in real-time rendering software and 

more accessible computational power enables to assemble 2D and 3D data-sets into 

comprehensive repositories faster and more efficiently. Furthermore, through manipulation of 

3D simulation and game-design techniques those integrated data-sets (re)gain relevance in the 

process of interpreting archaeological contexts. 

Retaining high level of details and geometric relations of a complex scene while reconciling 

inherent variations in the scale, format, and resolution of input data (ranging from 2D and 3D 

field recordings to satellite imagery) has been already successfully achieved in the simulation 

of the Temple of the Storm God of Aleppo, realised by the interdisciplinary working 

group Virtual Archaeology project. The current focus of the working group is aimed at 

evaluating the potential of virtual reality platforms in interpretative archaeological applications, 

to be tested through continuous adjustment of definition and functionality of interfaces in 3D 

simulated spaces. Real-time interaction with a modelled space and its assets, and mutual 

collaborative scientific work can take place within a single simulated space. Administered 

through advanced interfaces and supported by dynamic data input first-hand testing of research 

objectives, evaluating suggested reconstruction, or (re)interpreting archaeological records is 

made available.  

These exiting new measures, presented in this talk through an exemplary work session, 

demonstrate the considerable potential of real-time virtual environments as effective tools in 

integrating diverse data sources into the archaeological toolbox, and as means to re-think and 

re-assemble interpretation of archaeological scenarios. 
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Authors Loes Opgenhaffen, Martina Revello Lami  

Title  

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

archaeological ceramics. 

Abstract 
Over the last fifteen years, three-dimensional digitization has been successfully used for the 

study and preservation of a wide range of cultural heritage objects, from architecture to in situ 

monuments, from archaeological artefacts to precious manuscripts. Most frequently brought 

into play for documentation purposes, 3D scanning systems are highly precise measurement 

tools, which provide a high quality, high-resolution three-dimensional archive of an objectôs 

surface topography. However, the possibilities offered by 3D scanning technologies have not 

been fully explored in archaeological research so far, where these systems have been mainly 

used in order to speed up the traditional practice of visual recording and to build automated 

classifications and typologies. Pottery studies, in particular, have paid greater attention to the 

development of increasingly sophisticated methods for deducing from 3D scanner output most 

accurate and representative profiles of complete ceramic vessels as well as small fragments, 

largely overlooking other promising applications. 

To bridge this gap, we will present the preliminary results of a pilot study carried out on 

consistent bodies of pottery, spanning from the Iron Age to the Mid Republican period, in 

which systematic ceramic analyses have been coupled with 3D scanning technologies. By 

means of this integrated approach, we aim at demonstrating that the full potential of 3D 

scanning technology applied to archaeological ceramics goes way beyond accurate 

documentation procedures.  In receiving the complete account of surface geometry, texture and 

volume, 3D models enable to determine vessels capacity, calculate the density of ceramic 

material and virtually assemble dislocated fragments. More importantly, three-dimensional 

models provide additional information on the very process of making a pot, shedding light on 

manufacturing methods, technological choices and pottersô motor habits. In fact, the detailed 

recording of surface topographies can lead to more accurate analysis of features such as 

grooves, spiral ridges and cracks, commonly examined to assess different shaping techniques 

(wheel throwing, moulding, coil-building). Likewise, 3D models may establish different 

degrees of variability in the morphological attributes of a ceramic assemblage, contributing 

therefore to trace scale and intensity of pottery production. 
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Title  

The problem with simpl(istic) fundamental concepts in archaeology and 

their formal representation in a digital environment ï the case of 

ñarchaeological siteò 

Abstract ñArchaeological siteò is one of the most recurrent and widely used terms in any scientific 

publication of the Archaeology domain and yet, there are surprisingly very little attempts at 

trying to properly define and describe it. There are even fewer discussions on the possible 

ñnegativeò impact of the uses of computer-based databases, digital text descriptions, knowledge 

repositories, etc. on our understanding of the term ñarchaeological siteò. A brief survey of the 

term returns an interesting conclusion: an archaeological site becomes into existence only after 

a formal archaeological activity (survey or excavation) in a given geographical space. 

Consequently, it is clear that an ñarchaeological siteò has very blur geographic boundaries: do 

they match (and what is the accuracy of this matching) with the excavation area, are there 

ñannexesò (possibly unexcavated but identified through remote sensing, land survey, etc.) or 

the human occupation in the area extends over un-identified borders. An attempt to provide a 

solution to this challenge was to estimate extension of sites according to density distribution of 

artefacts or observed features. Another dilemma regards the temporal borders of 

ñarchaeological sitesò ï can a ñsiteò accommodate only a single human occupation phase (how 

long one may consider a ñhomogeneousò phase?), or multiple occupations of various types, 

intensities and socio/cultural natures? There are further, known problems, in visual 

representation of archaeological sites (e.g. GIS maps), in particular related to scale issues and 

boundaries, issues which are yet to be solved in a formal manner. The situation further 

aggravates when when heterogeneous datasets and digital repositories are integrated within 

large research environments. Solutions proposed by the Semantic Web technologies, such as 

harmonization of terms and vocabularies does not offer a proper solution to the above. We are 

proposing instead a formal ñde-constructionò of the term and formal description of its 

components within the frame of CIDOC-CRM. Thus, the attributes describing the 

ñarchaeological siteò will be formally described within the CRM ontology, through its 

properties and relations. These can be: method of discovery (coming into being), nature of its 

geographical extension and how it was determined, temporal boundaries, type of features and 

social activity, etc. Thus, the essence of an ñarchaeological siteò is reflected through its 

attributes and, consequently, the integration of the term within large research environments, 

connecting countries, languages and conceptual differences, will be obtained through the 

harmonization proposed by the CIDOC-CRM, assuming of course that in due time all such 

datasets will have a CRM layer embedded within them. 
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Title  
Scientif ic Datasets in Archaeological Research 

Abstract 
The aim of archaeology is the understanding of humankind. A further objective is the 

reconstruction of the lifeways of the people through the material remains of past societies. In 

this endeavour the recent years, archaeology interacts increasingly with natural sciences and 

informatics to take advantage of the possibilities they offer and reduce the subjective element. 

The combined information from the various scientific disciplines allows the investigation of 

theories and interpretations that shed light on the human past and environment. 

The re-creation of the material culture reveals the social, political, economic and cultural 

structure and evolution of ancient societies as well as their interactions within sites or regions. 

Ceramic artifacts, usually pottery, are a simple and convenient means for this purpose due to 

their abundance in excavation sites, their resistance to erosion, easy transportability and many 

functions. They represent also a sophisticated merging of separate domains of human 

knowledge and experience. 

 Provenance of ceramics, namely seeking an answer to the question of where the artifacts were 

produced, is a vital point in archaeological studies, since it illuminates various aspects of the 

civilization that produced them, such as their technological level, cultural contacts and 

economic interactions between communities in a broader area. 

Provenance studies of ceramic objects constitute one of the best examples of the joint action of 

various sciences, such as chemistry, physics, petrography, geology, mathematics and 

informatics in the archaeological research. Using analytical methods several measurements are 

conducted to determine the chemical composition, physicochemical properties and structure of 

the materials along with the morphology and the physicochemical parameters of the excavation 

environment. The above, in conjunction with their statistical processing, result in the 

production of numerous important scientific data which represent a unique ñfingerprintò for 

each artifact which shall shed light on their (common) provenance, since featural 

variations between sources should be greater than within sources. 

All the information extracted from the materials using advanced scientific methods produce 

data, which do not merely serve as tools for answering individual archaeological questions, but 

also allow the complete scientific documentation of the artifacts and the creation of large 

scientific reference datasets. These datasets include data of various formats (e.g. numbers, 

spectra, charts) and types (e.g. raw data, calculation results), while their metadata (e.g. 

experimental method, instrumentation, date) are essential for their evaluation and constructive 

use, especially when comparisons are attempted. 

Significance of such datasets is further enhanced when they conform to a formal standardized 

structure, like CIDOC CRM, that provides a common and extensible semantic framework that 

any cultural heritage information can be mapped to. Such a modeling of information will assure 

the credibility and durability of a scientific database, since it would encompass only the 

necessary data and metadata devoid of any excessive information, which along with their 

interdisciplinary character should contribute to the building of an integral archaeological 

research infrastructure. 

The present work provides an overview of the recent trends in provenience studies and presents 

certain case studies that illustrate best practices in the field. 
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Title  
From Site to SEAD: bridging the gaps between fieldwork, laboratory 

analysis and online archiving 

Abstract 
Archaeologists working in the North Atlantic, like in so many other regions face a daunting 

backlog of poorly integrated datasets. These data, fuelled by large multinational research 

projects and rescue excavations, 

There are particular issues associated with integrating these datasets. The majority of research 

projects in the North Atlantic are either primarily concerned with environmental data or heavily 

reliant on palaeoenvironmental analysis. The datasets for environmental proxies are rarely 

integrated, however, and neither are the post-excavation lab results consistently linked back to 

the fieldwork archives. The main dating method of Icelandic archaeology, tephrachronology 

also offers great potential in consistently phasing sites, but comparing sites based on 

tephrochronology currently needs a great deal of manual work. 

To address some of these Issues I have begun developing a software application as part of my 

PhD. that aims to simplify the archiving and integration of existing and future archaeological 

data. The application is based on the following principles: 

- An easy-to-use normalised data entry where a stratigraphic unit table acts as a central fulcrum 

for the integration of all additional work associated with an excavation. A postgreSQL structure 

with a PostGIS component where all elements are related back to the context definitions. 

- Harris Matrix relational logic allowing for an automatic generation of matrix diagrams. 

- Chronological phasing based on the Harris Matrix logic. 

- Links to existing online Cyberinfrastructure to ensure simple online archiving on open-access 

platforms. The application is tied to the Strategic Environmental Database (www.sead.se) and 

uses the data ontology developed by the SEAD project. The application will also be linked to 

Tephrabase (www.tephrabase.org), providing a range of information about tephras found in 

excavations as well as adding to the knowledge of tephra coverage in Iceland.  

This presentation will cover some of the issues related to North Atlantic archaeological data 

and illustrate the potential uses of the software tools described above. 
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Paths through the Labyrinth: Finding ways to express data from differing 

archaeological recording methodologies to enable cross-search and reuse 

Abstract 
The increasing opportunities for better data integration of datasets from multiple archaeological 

investigations and reusing legacy data to inform current research or future investigations, is a 

key driver for a number of initiatives undertaken by staff at English Heritage (soon to become 

known Historic England). 

Initial work was carried out to model the archaeological processes undertaken by English 

Heritage archaeological recording teams using the CIDOC CRM ontology to explicitly express 

the conceptual relationships between archaeological records regardless of the actual database 

system used to hold those records. 
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This conceptual modelling was based on the widely adopted archaeological recording 

methodology - single context recording - used by English Heritage and most commonly by 

other archaeological organisations across the UK. Those archaeological extensions of CIDOC 

CRM have become known and implemented as the CRM-EH (Tudhope et al. 2011).  

More recent work under the ARIADNE FP7 project (http://www.ariadne-infrastructure.eu/) has 

explored the requirement to model the integration of data from a range of different data sets 

across Europe that have been recorded using sometimes quite differing archaeological 

recording methodologies. This has led to a re-examination of the CRM-EH modelling to 

understand where the key elements for integrating Single Context Recording with other 

archaeological methodologies should be made. This work has led to a new set of CIDOC CRM 

extensions known as CRMarchaeo (2014) that has been modelled with the intention of being 

able to integrate a broader range of archaeological data recorded using different excavation 

processes along with single context recording data. In particular the aim under ARIADNE is to 

enable greater integration reuse and cross-search of 'legacy' data along with new excavation 

results from across Europe. 

This paper will examine some of the work and thinking that has gone into the new 

CRMarchaeo modelling, based on lessons learned from implementing CRM-EH and will 

discuss some key elements of expressing the archaeological conceptual relationships between 

the data that can be made use of by semantic technologies. 
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Title  
Linked Open Data in the Etruscan World: A Zooarchaeology Case Study 

Abstract 
We present the results of collaborative data publications that represent the first step in making 

the archaeology of the Etruscan world open for comparative analysis and reuse. Our approach 

centers on integrating increasingly mature Web technologies, especially Linked Open Data, 

into scholarly communications and publishing practices. As a starting point, this project 

brought together zooarchaeological datasets from Poggio Civitate, Poggio Colla, and Forcello, 

spanning the 8th- 3rd centuries BCE. We published the faunal data in Open Context 

(opencontext.org), an open access data sharing platform that adds value to the datasets through 

editorial processes and Linked Data annotation referencing relevant Web datastores and 

ontologies including the Encyclopedia of Life (biological taxa), UBERON (for anatomical 

entities), and more specialized vocabularies for osteometrics and age characterization. We give 

examples of how this approach to the comprehensive publication of datasets helps us explore 

research questions and observe patterns not possible with single-site assemblages. Our results 

demonstrate the power of data publication and annotation in improving the intelligibility and 

usefulness of datasets, and making them useful to a wider research community beyond 

archaeology. We propose this approach as a starting point and invite our colleagues working 

with Etruscan materials to build on this work to create a comprehensive body of open data for 

Etruscan studies. 
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Exploring inferences, t ime and space in the annotation of museum 

catalogues: The Sloane catalogues 

Abstract 
Modern digital museum catalogues differ from historic manual catalogues in that the record 

boundary is virtual, in the digital and physically on the page, for the manual. The history of the 

edits in digital systems can only be determined if the change history is explicitly recorded or if 

periodic snapshots of the data are preserved (although this only gives periodic aggregates of 

edits). In contrast the pre and post edit states of each edit and annotation are visible on the page 

in a physical catalogue volume. Card index systems vary in their completeness in this respect, 

as in some circumstances the card is replaced rather than updated. This has the effect of 

producing an aggregate of edits similar to a periodic digital snapshot. 

Within the catalogue entries there are many possible interpretations of the use of geographical 

place names. For instance they can refer to the place of manufacture, the region of use, the 

place of collection, the region of a particular culture or the origin of the manufacturer. Each 

such interpretation has a different semantic meaning and consequently a different mapping to 

the CIDOC Conceptual Reference Model (CIDOC-CRM). 

Similarly dates and other temporal appellations can have many meanings: date of manufacture, 

date of collection, date of accession into the museum, date of record compilation and/or editing 

or significant dates in the history or provenance of the object. Again these different meanings 

have different mappings to the CIDOC-CRM. 

In addition to these content elements, there are spatial and temporal relationships between the 

catalogue entries and annotations in historic manual catalogues and between annotations in card 

index systems. These too have particular mappings to the CIDOC-CRM. 

This paper continues the work on these different CIDOC-CRM mappings in the context of 

catalogues of the Sloane collection. In particular it will look at harnessing the mark-up of the 

entries and annotations to allow the documentation of inferences made from them. 

 

 

Authors Maria Theodoridou, Martin Doerr, Edeltraud Aspöck, Anja Masur   

Title  
Mapping archaeological databases to CIDOC-CRM 

Abstract 
The exponential growth of the Web and the availability of large number of digital datasets 

revealed the need for integrated access to heterogeneous and autonomous data sources. In the 

Cultural Heritage domain, ARIADNE, an FP7-INFRASTRUCTURES-2012-1 EU project 

(Grant agreement no: 313193), brings together and integrates existing archaeological research 

data infrastructures so that researchers can use the various distributed datasets and new and 

powerful technologies as an integral component of the archaeological research methodology.   

The primary role of the CIDOC-CRM (ISO 21127:2006)  is to enable information exchange 

and integration between heterogeneous sources of cultural heritage information. CIDOC-CRM 

was chosen as a good starting point for defining ARIADNEôs Global Model, a coherent global 

ontology for deep integration of scientific and cultural-historical evidence and facts.   

There is an ongoing effort in ARIADNE to systematically provide sample mappings for the 

most relevant types of archaeological data sets and in this context several mapping activities 
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were initiated trying to convert existing schemata of archaeological data to CIDOC-CRM and 

its extensions.  

In this paper we will present the collaborative work between FORTH and OEAW defining 

mappings of two archaeological databases to CIDOC CRM. The mapping of dFMRÖ (digitale 

Fundmünzen der Römischen Zeit in Österreich), a relational database of Pre-Roman and 

Roman Imperial period coins  found in Austria and Romania, presents an interesting use case of 

relational database mapping where there is need to address and separate both categorical and 

factual information. We introduce two specialized relations in order to support categorical 

production, similar to relations used in the FRBR model. The mapping of Gräberfeld 

Franzhausen-Kokoron, a database of 400 Late Bronze Age cremation graves from 

Franzhausen-Kokoron, Austria, with about 3800 records, serves as a test case for the recently 

developed CRMarchaeo. CRMarchaeo is an extension of CIDOCȤCRM to support 

archaeological excavations and allows for a common representation of archaeological records 

and survey data, widely independent of local methodology. The two main concepts of the 

CRMarchaeo ï A1 Excavation Process Unit and A8 Stratigraphic Unit ï will be introduced and 

the importance of conceptually separating past activities from present archaeological activities 

and interpretations will be demonstrated. 

For the mapping definition we used X3ML, an XML based language which describes schema 

mappings in such a way that they can be collaboratively created and discussed by experts. To 

further facilitate the mapping process we have implemented the Mapping Memory Manager, an 

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.oeaw.ac.at/franzhausen-

kokoron2/ http://www.ics.forth.gr/isl/CRMext/CRMarchaeo.rdfs  

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

 

 

Authors Ceri Binding, Douglas Tudhope  

Title  
Connecting ARIADNE vocabularies for data integration and cross search 

Abstract 
The ARIADNE project [1] involves multiple data providers having multiple data sets, indexed 

using multiple controlled vocabularies in multiple languages. The project does not aim to 

replace existing archaeological data repositories, but rather to consolidate their metadata in 

order to facilitate cross search. There is therefore a need for some form of common ground to 

enable effective data integration; however it would clearly be unreasonable to expect to achieve 

domain-wide agreement on adoption of any single database schema or controlled terminology. 

In the course of previous Knowledge Organization projects undertaken by University of South 

Wales (STAR/STELLAR/SENESCHAL) [2] we have addressed issues around the conversion 

of archaeological datasets and their associated controlled vocabulary resources to semantic web 

formats, making them available online for searching and browsing. One key issue that emerged 

was the fragmented nature of the various controlled vocabularies in use. In an ideal world 

conceptual knowledge about the archaeology domain would not be split and duplicated across 

modern territorial / political / organizational boundaries, but in the real world this is inevitably 

often the case. Local vocabularies are created for the purposes of controlled indexing of local 

resources to aid subsequent retrieval, but perhaps having less regard to any issues of wider 

integration ï so no formal semantic links exist between these vocabularies. Any project seeking 

to implement such wider integration must tackle this issue to achieve data interoperability. 

http://www.ics.forth.gr/isl/CRMext/CRMarchaeo.rdfs
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The creation of mappings between local vocabularies can provide a mediating platform to 

enable cross search; however the number of possible direct links between equivalent items 

originating from different vocabularies can quickly become unmanageable as the number of 

vocabularies increases. A more efficient and scalable approach would be the adoption of an 

intermediate structure onto which concepts from each local vocabulary may be mapped. A 

search on a concept originating from any one vocabulary can then utilise this mediating 

mechanism to route through to concepts originating from any of the other vocabularies, 

possibly expressed in multiple languages. 

An exploratory exercise for the ARIADNE project was undertaken to demonstrate the utility of 

this approach. The poly-hierarchical structure of the Getty Art & Architecture Thesaurus 

(AAT) [3] was extracted for use as an example mediating structure to interconnect various 

multilingual vocabularies originating from ARIADNE data providers. Vocabulary resources 

were first converted to a common concept-based format (SKOS) [4] and the concepts were then 

manually mapped to nodes of the extracted AAT structure using some judgement on the 

meaning of terms and scope notes. The overall composite structure could then be queried. 

The exercise demonstrated an effective method by which cross search could be achieved over 

multiple multilingual vocabularies using such a mediating structure, with a significant added 

benefit of introducing semantic expansion to potentially improve recall without affecting 

precision. The search results obtained can then be used to find related archaeological resource 

records from throughout the ARIADNE data. In the next stages larger scale mappings will be 

produced, to be published in the ARIADNE repository. 

 

 

Authors Matteo Dellepiane, Federico Ponchio, Marco Callieri, Roberto Scopigno  

Title  

Ariadne media service: easy publishing of advanced visual media for 

archeological databases 

Abstract  
One of the goals of the EC Infra ñARIADNEò project is to design, implement and deliver a 

number of digital services for the archaeological community, which will be integrated in the 

ARIADNE web portal. 
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The ARIADNE Media Service is aimed at providing support for the easy publication and 

presentation on the web of complex media assets. The idea is to build an automatic service able 

of transforming any media file uploaded by ARIADNE archives managers into a format that 

will allow easy and efficient access and remote visualization on the web. The service is based 

on a simple web interface and supports three types of visual media: high-resolution images, 

RTI (Reflection Transformation Images), and high-resolution 3D models. 

These types of media are not easy to show on the web, because their visualization may need to 

download the entire file, and possibly select/install dedicated software. Moreover, the owner of 

high quality data may prefer not to give the possibility to visitors to freely download them, in 

order to protect the ownership of the data. 

After accessing the service, the user finds a simple web form that allows to upload its own data 

(3D model, hi-res image or RTI) and to provide some basic information about the media. The 

service processes the input data in an automatic way and creates an online page. At the end of 

the processing step, the user receives an email containing a link to the visualization page 

(hosted on the Ariadne web-service and open to any external user) and to an admin page, where 

the associated data can be modified. It is also possible to download the created page (html code 

+ processed 3D Model or image) in order to integrate the content on the user local server or 

archive. 

In the case of 3D models, the geometry is processed, converting a possible complex 3D model 

into a multiresolution format (Nexus, http://vcg.isti.cnr.it/nexus ). This multiresolution structure 

is streaming-friendly, and is used to create a visualization webpage using a web presentation 

tool (3DHOP, http://www.3dhop.net) based on WebGL and developed by CNR-ISTI. 

Analogously, also high resolution images are transformed into a multi-resolution format, 

supporting progressive streaming; the service transforms each image in a web-compliant 

format: similarly to Google maps, the high-resolution image will be regularly divided in chunks 

and a hierarchy of images at different resolution is produced from these chunks; then, a 

rendering webpage is created where it will be possible to navigate the model in a WebGL 

frame. 

RTI are managed similarly to hi-res images, even if the encoding for the web streaming is a bit 

more complex, and WebGL rendering also takes care of the input and calculation of the 

variable-lighting. 
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With this setup, even naive users can easily create an efficient webpage to display complex 2D 

or 3D content. Alternatively, for more experienced users, these basic webpage may be the 

starting point for the development of more complex visualization, or for the integration of these 

visualization inside existing websites, taking advantage of the features of the 3DHOP platform 

(www.3dhop.net).  

 

Finally, the data structures for remote visualization (multi-resolution for 3D models, image 

pyramids for images and RTI web encodig) protects the original data, since a direct download 

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 media in 

the context of archeological datasets 

 

 

 Authors Fabrizio Galeazzi, Marco Callieri, Matteo Dellepiane, Roberto Scopigno, Julian Richards  

Title  

ADS 3D viewer: a web-based dynamic working environment for archived 

3D data 

Abstract 
 The advancement of web technology has caused a shift of paradigm in the use of the web. It is 

no longer simply a way to search for data in repositories, download and open it on a local PC. 

Instead it is a work-enabled platform where data can be explored dynamically and used for data 

analysis and interpretation directly within the web browser. 

In the framework of the ARIADNE European project and a Marie-Curie fellowship, we are 

working to implement a web-based working environment (ADS 3D Viewer), on top of an 

existing and well known repository of archaeological data, Archaeology Data Service (ADS), a 

UK-based cyber-infrastructure hosted at the University of York. Starting from the ADS project 

archives, we have extended the web-based project browsing functionality with dynamic 

visualization of the available data. Since the granularity of the data preserved in the repository 

is at object level, we firstly implemented an automatic 3D model viewer to explore the digital 

model in its own repository page. This exploits another service developed in the ARIADNE 

project, the Ariadne Media Service, which automates the creation of web-based 3D viewers 

using the 3DHOP tool (http://vcg.isti.cnr.it/3dhop/). 

The ADS 3D Viewer project aims to allow the user to browse 3D geometry using a simple 

trackball directly in the webpage containing all the information related to the digital model. 

Researchers can measure the 3D model and, using a "share view" feature, save and share the 

current settings of the 3D viewer (viewpoint, zoom, and lighting) with other users. The ñshare 

viewò feature will help scholars to share their personal visual exploration and analysis of the 

3D model on the web. Simple as they may seem, these features are nevertheless a way to 

directly use the 3D models in the repository without having to download them and use 

specialized 3D software. 

The second aim of the project is to create a viewer for a very specific kind of "aggregated" data, 

overcoming the object level granularity of the data in the repository. We chose to develop a 3D 

viewer for the exploration of archaeological stratigraphic data.  Before the development of 

ADS 3D Viewer the repository stored the 3D models of each stratigraphic unit as single 

objects, without the possibility to explore their spatial and temporal relationship. The ADS 3D 

Viewer aggregates the different geometric layers in a single 3D environment, where the user 

may turn  layers on and off according to different patterns (single layer, all layers under this 
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one, two layer comparison, etc.), control their transparency, and explore the layered geometry 

using a specialized trackball. The tool offers the same measuring and "share view" feature of 

the single object, but also the possibility to select hyperlinks that provide extra information on 

all the features contained in the layer (i.e. text, pictures, stratigraphic unit sheet, etc.). 

While this second viewer is still under development, we believe the final version will represent 

a usable and useful instrument for the remote, collaborative study of complex archaeological 

datasets, and promote discussion between scholars. 
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Authors Philipp Gerth, Sebastian Cuy  

Title  

Connecting Cultural Heritage Data: The Syrian Heritage Project in the 

IT infrastructure of the German Archaeological Institute 

Abstract 
The ongoing armed conflict in Syria has led not only to a humanitarian disaster, but also 

threatened the rich cultural heritage of Syria. As an active involvement is not possible at the 

moment, the German Archaeological Institute (DAI) in cooperation with the Museum for 

Islamic Art Berlin and the German Foreign Office have started the Syrian Heritage Archive 

Project in November 2013. Its aim is to create an extensive systematic documentation system 

from the various available source that can be used to support preservation and reconstruction 

and also helps to prevent illegal trade. One major challange posed in that project was 

integrating the various types of research data generated by archaeological, art historical and 

architectural history projects in order to create a comprehensive national registry of 

archaeological sites. 

In the past years the DAI was able to implement applications and web services for various 

domains and types of data relevant for archaeological studies. Not only did using these existing 

Systems in the Syrian Heritage Project ensure sustainability. The open application interfaces of 

the applications allowed us to aggregate the heterogeneous research data like excavation data, 

texts, archives, cadastral plans, historical maps, etc. and to present them in a unified user 

interface. Especially the DAIôs resources for managing geo data were of particular value for 

this enterprise. On the on hand the geoserver ñiDAI.geoò makes various sets of spatial 

information accessible, while on the other hand the ñiDAI.gazetteerò is used as a hub to 

connect the different resources within the DAI infrastructure and also acts as a gate to the 

Linked Data cloud by establishing links to existing resources like Pleiades, Pelagios and 

geonames. Thus users can not only view all data collected in the project but also to use the 

resulting application as a starting point for further research into other systems. 

 

 

Authors Karsten Tolle, David Wigg-Wolf   

Title  

How to move from Relational to Linked Open Data 5 Star ï a numismatic 

example 

Abstract 
In our database solution Antike Fundmünzen Europa (AFE), where we record finds of ancient 

coins, we want to preserve as much information as possible.  This also includes containments 

of possible coin types, or marking attributes of a coin as uncertain if the exact value can not be 

assured.  As many others our backend-system is based on a traditional relational database 

(MySQL).  In order to become a Linked Open Data 5 Star, we mapped our data to different 

ontologies from Nomisma.org, Dublin Core, SKOS and others.  Besides providing these data to 

others, we also benefit from the new ability to view our relational data in a totally different 

way, by loading the data back to a graph database. 

We will present how we mapped our data based on an existing mapping language called D2RQ 

Mapping Language, without the need for changing the underlying database.  In our case this 

was less problematic due to the fact that internally we had already set AFE up based on 

Nomisma.org thesauri.  However, the thesaurus mapping can also be part of the mapping.  With 

this mapping established, one can for example provide a SPARQL endpoint to others in order 

to allow them to access the data in an ontological way.  However, for full interoperability there 

are still barriers that need to be overcome.   

 

Even if the same vocabulary is used, different modelling approaches might hinder full 

interoperability ï this will be the focus or our talk, explaining what we mean by this.  This 

problem does of course not occur when the modelling is identical.  We are currently planning 
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to combine different databases instances that are all build on top of AFE (such as Germany and 

Poland, as well as Romania which is under construction) based on the same mapping in order 

to demonstrate the potential. 

We will further report about benefits we see from the ability to use graph visualizations of the 

data.  We will report on our experiences with AllegroGraph as a graph database allowing 

reasoning for some standard properties, and Gruff as a visualization and query interface on top 

of it. 

 

 

Authors Florian Thiery, Thomas Engel  

Title  

The Labeling System: A bottom-up approach for enriched vocabularies in 

the humanities 

Abstract 
Shared thesauri of concepts are increasingly used in the process of data modelling and 

annotating resources in the Semantic Web. This growing family of linked data thesauri [1] 

follows a top-down principle. Vocabularies and broader concepts (SKOS-) are being created, 

maintained and provided under the supervision of central authorities to provide general and 

generic approaches used by scientists in the humanities. But the diversity of research questions 

in the humanities makes it virtually impossible to create shared controlled vocabularies that 

cover a wide range of potential applications, and therefore satisfy the needs of diverse 

stakeholders. Reliable interconnections among independent systems could solve this conceptual 

bottleneck of controlled vocabularies. 

The Labeling System (LS), developed by i3mainz and IEG [2] in contrast follows a bottom-up 

approach, enabling scientists working in the digital humanities to manage, create and publish 

their own controlled vocabularies as a SKOS concept scheme and concepts provided via a 

REST API and URIs [3]. One term of the vocabulary can be linked to broader corresponding 

concepts of domain experts and will become labels. The labels embed those broader concepts 

persistently into existing structures using a clean and straightforward UI. Technically the LS is 

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 e.g. The 

Getty Research Institute or the British Museum, but also to authorities maintaining linked data 

resources from natural science domains. The LS is domain independent, while uniting 

perspectives of different scientific disciplines on the same label and therefore contributing to 

interdisciplinary collaboration for building up cross and inter-domain linked data communities. 

As the newly created expert resources are available persistently, the concept is quotable, which 

strengthens the scientific discourse of their semantic shape. 

The paper addresses principles of the Labeling System in the light of heterogeneous 

archaeological data from Western Europe and the Middle East. Consequently, ñusualò 

archaeological topics of conceptualizing and interlinking temporal and spatial concepts 

(meaning) will be discussed. To what extent is it possible to align existing concepts with 

ñinsertingò specific concepts of domain experts? How can the LS be used to solve the 

ambiguity of a place type and its role or function in a specific archaeological meaning? 

 

 

Furthermore, we will show how the non-technical researcher can use the Labeling System to 

get introduced into the process of linked-data conceptualization. Finally, the paper details the 

benefits of enriching linked-data concepts through relating to linked-data communities of other 

domains, e.g. geology [5] or anatomy [6] 



SESSION 2D 

LINKED DATA: FROM INTEROPERABLE TO INTEROPERATING 

 

76 

 

 

 

Authors Paul J Cripps, Douglas Tudhope  

Title  

From interoperable to interoperating Geosemantic resources; practical 

examples of producing and using Linked Geospatial Data 

Abstract 
The concept of using geospatial information within Semantic Web and Linked Data 

environments is not new. For example, geospatial information was very much at the heart of 

the CRMEH archaeological extension to the CIDOC CRM a decade ago (Cripps et al. 2004) 

although this was not implemented; a review of the situation regarding geosemantics in 2005 

commented ñthe semantic web is not ready to provide the expressiveness in terms of rules and 

language for geospatial applicationò (OôDea et al. 2005 p.73). It is only recently that Linked 

Geospatial Data has begun to become a reality through works such as GeoSPARQL (Perry & 

Herring 2012; Battle & Kolas 2012), a W3C/OGC standard, and the emerging CRMgeo standard 

(Doerr & Hiebel 2013). This paper presents some real world, practical examples of creating and 

working with archaeological geosemantic resources using currently available standards and 

Open Source tools. 

The first example demonstrates a lightweight mapping between the CRMEH, CIDOC CRM 

and GeoSPARQL ontologies using data available from the Archaeology Data Service (ADS) 

digital archive and Linked Data repository. The second example demonstrates the use of 

Ordnance Survey (OS) Open Data within a Linked Data resource published via the ADS 

Linked Data repository. Both examples feature the use of Open Source tools including the 

STELLAR toolkit, Open Refine, Parliament, OS OpenSpace API and custom components 

developed and released under open license. 

The first example will also be placed in the context of the GSTAR project which is using the 

approaches described to produce Linked Geospatial Data for research purposes from commonly 

used platforms for managing archaeological resources within the UK heritage sector. These 

include the Historic Buildings and Sites and Monuments Record  (HBSMR) software from 

exeGesIS, used by UK Historic Environment Records (HERs), and MODES, used by museums 

for managing museum collections. As such, the outputs from the GSTAR project have wider 

applicability in moving geosemantic information from interoperable to interoperating. 

 

 

Authors Olivier Marlet, Stéphane Curet, Xavier Rodier, Béatrice Bouchou-Markhoff   

Title  

Using CIDOC CRM for dynamically querying ArSol, a relational 

database, from the semantic web. 

Abstract 
MASA Consortium (Mémoire des archéologues et des sites 

archéologiques http://masa.hypotheses.org/27), from the Très Grande Infrastructure de 

Recherche Huma-Num (http://www.huma-num.fr/) aims to provide to the french community of 

archaeologists several tools to improve their data interoperability. In this context, we propose to 

open the ArSol database to the semantic web, using the CIDOC-CRM ontology and a tool that 

implements Ontology-Based Data Access (OBDA) principles.  

The ArSol (Archives du Sol: Soil Archives) system has been used by the ñArch®ologie et 

Territoiresò Laboratory (CNRS ï Tours University) since 1990 for processing archaeological 

data. It can be used for all stratigraphic excavations and has the dual purpose of data 
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management and research. It was constructed, with proprietary software, as an open system that 

is flexible and above all not conditioned by the integration of predefined thesauri. The ArSol 

client-server system is designed to integrate data from different sites. ArSol is designed both as 

a recording and data management research tool for use during excavation, and as an 

exploratory data analysis system for post-excavation work.  

Firstly, we designed a set of mappings from a selection of ArSol fields to the CIDOC CRM 

ontology. This manual alignment has been reported in CAA 2014. It allows us to transpose the 

ArSol data in an RDF format fully compatible with the CIDOC-CRM.  

We present in this article a new step, which is to implement the software architecture to query 

ArSol from a SPARQL endpoint. We chose to use Ontop, software developed at the University 

of Bozen-Bolzano that allows to query a relational database via an ontology, using SPARQL. 

In this way we do not need to move our data from our efficient database in order to benefit 

from the semantic web capabilities (semantic interoperability, RDF/OWL 2 QL inference, etc.). 

We avoid the extract-transform-load (ETL) process for exporting our data in an RDF store and 

for updating it when data change in ArSol. Via the SPARQL endpoint, users or applications 

can query ArSol using the CIDOC-CRM part that we selected to represent our ArSol data. We 

used the Ontop Protégé plugin to design the OBDA mappings that are necessary for the 

SPARQL-to-SQL rewritings.  

Our final goal is to devise an application that will offer a single interface to query several 

distributed and independent archaeological databases, with heterogeneous structures, using 

CIDOC-CRM to relate them to each other. Querying ArSol in SPARQL via the CIDOC CRM 

is an important step towards this goal. 
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Title  
3D Structural Analyses of Euromos Zeus Lepsynos Temple 

Abstract 
Euromos is an ancient settlement where locate at three kilometers distance from south of 

Selimiye Town that depends on Milas district of Mugla province, in Turkey. Archeological 

relics were unearthed back to the archaic era as a result of the excavation works in Euromos. 

Initial excavation works were carried out in 1967 by ¦mit Serdaroĵlu. After forty-four years, 

excavation works have been resumed by Abuzer Kēzēl since 2011. 

There are many archeological relics in the ancient city. These principles relics are Theater, 

Agora, Zeus Lepsynos Temple and city walls. Unfortunately, these buildings used as a quarry 

by the surrounding villagers and materials of buildings had moved at the modern settlement. 

The most important building is Zeus Lepsynos Temple in the ancient city. The temple square 

measures within 26.80 m by 14.40 m. Temple structure has a peripheral plan within 6 by 11 

layouts of columns that built according as a Corinthian order in the 2
nd

 century of A.D. 

In 2012, documentation work was carried out with the Leica C 10 Laser Scanner in the temple. 

The aim of study was documentation and assessment studies before excavation in the temple 

area of the ancient city. An abnormality was determining in the 3D structure when the data 

obtained from scan process transferred to the data medium of 2D.  According to abnormality; 

static structure of one column was disrupted where is the northwest corner of temple and this 

column has been made pulling force within another columns which are connect to itself. This 

abnormality has been presented grave danger for fall down of all temple construction. Scan 

progress has been studied at regular periods on the temple since after this detection and all data 

registered about to verify this abnormality is progress or stagnation. 

The purpose of study reveals for this disorder of static structural and their reasons. Defect 

works of restoration to present in during the excavation and after excavation to the scientific 

world. 

 

 

Authors Douglas Cawthorne, Steffan Davies  

Title  

Authenticating Anastylosis: Para Data in the Digital Reconstruction of 

Greyfrairs Church Leicester and the Tomb of King Richard III 

Abstract 
Creating visualisations of historic buildings and interiors from partial evidence requires 

realistically implementable strategies for managing the evidence upon which they are based and 

for documenting the decisions taken concerning the selection and value judgements made about 

that evidence. This paradata is essential for scholarly audiences for whom the degree of 

authentication and probability of correctness are central issues in developing trusted research. 

Several methods of generating this paradata are already recorded in the literature but while 

often systematic they are also complex and largely text based and for this reason it is 

recognised that their use is still the exception rather than the norm. In early 2014 

Archaeologists at the University of Leicester in the UK discovered the remains of King Richard 

III, who died in 1485.  

This internationally important archaeological discovery prompted Leicester City Council to 

commission the Digital Building Heritage Group at De Montfort University to use the newly 

discovered archaeological evidence and pre-existing literary and circumstantial evidence to 

create a highly detailed digital reconstruction for public exhibition of the now lost church and 

medieval precinct in which the king was buried. The international scrutiny surrounding this 

case required particular quality control over the paradata and the required development time for 

the reconstruction also required that any process used should be efficient, and practical to 

implement in a compressed time-frame. Experience was therefore drawn from quality control 
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processes in the construction industry to authenticate decision-making using a particular form 

of drawing we call ñbody-mapsò. These are graphic representations which specify options 

applicable to generic 2D and 3D representations of buildings and artefacts allow their 

development and change in design, allow the recording, over marking and notation of selections 

made, alternatives proposed, final decisions arrived at and official endorsement or ñsigning offò 

of the final visualistion. We have found this diagram based approach a time and cost efficient 

vehicle for generating a rich and accurate paradata record and one which can be easily stored 

digitally and retrieved for future examination. One of its advantages is that because they are 

largely graphical in format the ñbody-mapò drawings can be read in chronological sequence and 

so provide a narrative with minimal use of explicitly narrative text. Factors which affect the 

methodôs use are the need for personnel who can use simple computer based drawing packages 

like Sketchup and Photoshop to create and modify the base ñbody-mapsò and a willingness 

amongst the participants to engage in basic hand-drawing diagramming and over-marking on 

paper print-outs. Interestingly we found that formal drawing ability has little if any effect upon 

the utility of the process with all participants from a range of backgrounds able to intuitively 

engage with it. Furthermore the process actively encourages thoughtful and reflective practice 

and the development of shared frames of reference between different disciplines.  

This paper explains the detail of the process we have developed, with examples of body-maps 

and their use, the resulting reconstructions and the methods we propose to archive and curate 

the paradata arising from it. 
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Title  

The application of mathematical and statistical integration Approach on 

archaeological prospection data, case studies from Aizanoi, Turkey.  

Abstract 
The success of geophysical prospection methods applied on archaelogical sites, to detect and 

identify the buried structures under the ground, depends on the nature of the features  such as 

physical and geometric properties and environmental effects such as soil conditions, sensibilty 

of equipments and experience of reserachers. Consequently, to obtain reliable and 

complemantary results, it is recomended to apply multi-geophysical methods and integration 

approaches on archelogeophysical field data (Weymouth, 1986; Neubauer et al,1997; 

Piro,2000; Clay,2001). An application of geophyscal integration methods which often appealed 

are divided into two class as qualitative and quantitative approches. Qualitative approache 

includes depicting the location of cultural features and interpretation of combined maps 

obtained from different geophysical methods. Besides that, quantitative approach  includes the 

mathematical and statistical solutions for integration (Kvamme et al.,2006). 

The purpose of this work is the application of mathematical and statistical integration 

approaches by using different geophysical data on archaeological site. For this purpose, the 

synthetic models were generated to correlate between integration approaches.  The processes 

were applied on field data obtained by using ground penetrating radar and magnetic methods at 

the  Aizanoi Archeological site, Kütahya, Turkey. 

Primarily, the geophysical data were examined individually by referencing archaeological maps 

and the anomalies which are related to possible walls, roads or foundations were identified.In 

order to obtain clear informations about these anomalies, integration techniques were applied 

on field data. For the integration process, mathematical approaches as Sums and Products of the 

obtained processed maps and statistical approach as Principal Component Analysis were 

applied to elaborate the GPR and gradiometric datasets. The results of all integration 

approaches provided more details about the anomalies related to the archaeological features. 

Particularly, the application of Principal Component Analysis is thought to be an alternative 
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technique for mathematical approaches. By using all those applications, it is clear to obtain a 

complementary images about the archaeological relics under the ground. 

 

 

Authors Carlotta Capurro, Dries Nollet, Daniel Pletinckx  

Title 
ENAME 1288: A walk through Saint Saviour abbey 

Abstract This work focuses on the research about and reconstruction of the Saint Saviour abbey in 

Ename (Oudenaarde, Belgium) in the 13th century both in its architectural decoration and in 

its furnishing. The Saint Saviour abbey was build by the count of Flanders in 1063, on the 

remains of a major medieval trade settlement. It existed until 1795 when it was abolished in 

the French Revolution. 

The reconstruction is based on the historical sources and archaeological data provided during 

more than 25 years of extensive excavation and studies on the site[1][2]. A great number of 

iconographic sources from illuminated manuscripts was used to model furniture, tools and 

ornaments. 

Aim of the reconstruction is the creation of an educational game for the visitors of the 

Provincial Heritage Centre, built just next to the archaeological site of the abbey, that will 

allow them to virtually walk in the abbey and discover the daily life of monks. The game will 

be deployed in a room on the top floor of the building, overlooking the archaeological site. In 

this way it emphasises the strong link between the archaeological site and its digital 

reconstruction. 

The educational game has multiple goals. First of all, the 3D visualisation on a large screen 

shows the splendour of the medieval phase of this abbey and allows a natural perception of 

spaces and dimensions. 

A second important goal is the re-contextualisation of the objects that have been excavated at 

the abbey's site and are today on display in the Provincial Archaeological Museum (pam) of 

Ename. In the digital reconstruction of the abbey, artefacts are digitally restored and shown 

with their original function. This not only helps the visitor to better understand their nature, 

but explains also the concept of heritage, and the reason why we spend effort and budget to 

excavate and preserve objects from the past. 

The third goal is a better interpretation of available archaeological and historical data. 

Reconstructing the inside of the abbey has improved significantly the understanding of the 

structure of the buildings, their function and interrelation[4]. 

The game is targeted to school children and is structured as a treasure hunt. The story is 

unraveled bit by bit by selecting objects in the scene. The virtual world is projected on a large 

screen and interaction with the scene happens through natural interaction based on a Kinect2 

camera[3]. The goal is to develop a natural interaction without menus or modes, in which all 

activities of navigation, object selection and object manipulation happen through a defined set 

of gestures. 

 

 

It will also be possible to explore this virtual environment of the abbey in a non-gaming mode. 

In this way, museum guides will be able to show around visitors in the virtual abbey to link 

with the archaeological remains and excavated objects on display in the museum. 
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Authors Barbara Cerasetti, Lynne M. Rouse, Roberto Arciero, Jens Frissen 

Title  

Hydrology and Social Transition in the late 2nd millennium BC Murghab 

Alluvial Fan, Turkmenistan 

Abstract 
In this paper we re-visit hypotheses about the changing social and environmental landscapes in 

southern Central Asia during the transitional period between the archaeologically-defined late 

Bronze ï early Iron Age (late 2
nd

millennium BC) and the numerous documented changes in the 

archaeological and geo-physical record during this time. We focus on the northeastern 

Murghab alluvial fan (Turkmenistan) as one window into this complex period. Our analysis 

incorporates nearly 400 new archaeological sites documented in the northeastern Murghab 

since 2006, which have not previously been included in published models of settlement and/or 

hydrological dynamic. By combining this new data with the already existing data, collected 

since the beginning of the project in 1990, we come to a total of around 2000 sites. Although 

there have been previous studies on the paleochannels and sites visible on the surface, using the 

updated survey database and additional remote sensing analysis techniques we attempt to create 

a more complete picture by using these to discover the ómissingô sites and paleochannels 

against three obscuring factors: sand dunes in the north, alluvium in the south, and growing 

areas of modern cultivation. To cancel out these obscuring factors we will use the ASTER 

GDEM and SRTM as base maps in combination with Russian topographical maps from the 

1950s and (historical) remote sensing data, such as Corona, Landsat, Ikonos and aerial 

photographs. Based on the work previously done in the project we hope to deepen our 

understanding of the landscape by applying newly analyzed remote sensing data. With this data 

we try to determine the relationship between the location of archaeological sites and mapped 

ancient watercourses (palaeochannels) through time. Our initial findings suggest that the 

periods of the Late Bronze Age and Early Iron Age (Yaz I) demonstrate two distinct access-to-

water practices and probably different processes of socio-territorial control being implemented.  

 

We hope to validate this observation by using different statistical analysis in our GIS 

environment based on remote sensing maps. While no single line of evidence can adequately 

disentangle the complex intertwined processes of environmental and social change, our results 

provide valuable information toward a reassessment of the ñcommon knowledgeò of the local 
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processes of socio-environmental development in the Murghab, and fit within emerging 

discourse that recognizes the importance of micro-scale processes and adaptation in Eurasian 

prehistory. 

 

 

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

Title  
Using online digital content as a reference collection: A crit ique 

Abstract 
Any good zooarchaeological analysis will include two aspects: a solid literature review 

containing all pertinent information regarding the site in question along with a list of specimens 

that could be found in that particular geographic region. Second, and more importantly, a 

zooarchaeologist must secure access to a relevant osteological reference collection.  There are 

no single reference collections that can be considered complete therefore extraneous material is 

always utilized. This poster describes the use of one such extraneous material in conjunction 

with an óin-houseô reference collection. The Virtual Zooarchaeology of the Arctic Project 

(VZAP) was designed to provide a digital reference collection that can be accessed anywhere in 

the world. VZAP houses 2D and 3D material of most Arctic mammals, birds and fish 

suggesting that it is ideally suited for this task. We discuss its pros and cons and illustrate how 

this tool can be effectively used to identify faunal remains using real archaeological material. 

Using a previous study testing the ability of VZAP to help identify bones, we highlight how 

these data can improve our efforts in the future for education, identification and curation. 

 

 

Authors 
Jacopo Crezzini, Francesco Boschin, Simona Arrighi, Marco Giamello, Annamaria 

Ronchitelli  

Title  

Zooarchaeology, Prehistoric Art and digital imaging: quantitative 

analysis of bone modifications using 3D microscopy 

Abstract 
Digital imaging allows to collect and process morphometric quantitative data on archaeological 

finds. The Research Unit of Prehistory and Anthropology of the University of Siena is currently 

developing new protocols for the analysis of bone modifications using a Hirox Digital 

Microscope KH-7700. This instrument captures 3D images of the observed surfaces enabling 

the direct observation of butchering marks, artistic engravings and non-anthropic evidences (for 

instance tooth marks) from several points of view; it also allows a rapid procurement of several 

quantitative data (linear and angular measurements) that can be processed through univariate 

and multivariate statistics. After the analysis of more than four hundred specimens, we are 

presenting in this paper the results of several case-studies from Italian Palaeolithic and Metal 

Age sites: we demonstrated that processing quantitative data it is possible to separate between 

butchering marks inflicted using stone and metal tools; to identify the kind of stone tool used to 

produce prehistoric artistic engravings; to separate between butchering marks and artistic 

engravings.  

All data coming from the analysis of archaeological specimens are compared with those 

obtained carrying out experimental proofs; it allows to corroborate our results. 

The encouraging obtained outcome confirms the validity of our protocols and the important 

role that computer applications and quantitative methods play for understanding prehistory. 
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Authors 
Francesca Romagnoli, Amelia Bargalló, María Gema Chacón, Maria Joana Gabucio, 

Bruno Gómez de Soler, Pablo Sañudo, Manuel Vaquero  

Title  

A storey is a f loor, but a f loor could be many stories! The problem of time 

in the definit ion of occupation floor. 

Abstract 
The identification and interpretation of ancient behaviour within the archaeological record is 

the main goal of current archaeological research. The archaeological layers are formed by a 

complex interaction between cultural dynamics (social and behavioural procedures) and natural 

processes. The recognition of these processes (e.g. Binford 1981; Schiffer 1983) is essential to 

identify non-anthropogenic ground noise in archaeological layers before identify and interpret 

behavioural patterns. The analysis of site formation processes is particularly relevant to 

perceive the temporal resolution which is a critical issue for reconstruct human behaviour and 

for test hypotheses on long-term processes in ancient human populations. 

Traditionally the archaeological record is defined according to two different concepts: the 

living floor and the palimpsest. Bailey (2007) has shown that all the archaeological layers are 

palimpsest. This concept is expressed with a variability of types of time and space relationships 

between depositional episodes overlapped within the archaeological layer. While the 

palimpsest is the reflection of diachronic activities, the concept of living floor implies that the 

activities attested on an archaeological soil were carried out simultaneously. A living floor is 

like a picture which seizes a moment within the life of a human group. As a living floor reflects 

a short-time scale, it has been used to interpret the archaeological record within ethnographic 

models. According to Villa (1976) the archaeological criteria to identify a living floor are (i) a 

small thickness, (ii) a medium density of artefact and (iii) a spatial distribution of artefacts 

attesting distinct activity areas. Refits between these areas are used as evidence of 

contemporaneity (e.g. Delagnes et al. 2006). Recent studies have shown that this 

ñethnographicò scenario is an illusion and the activity areas of a living floor could be related to 

many independent import, production and use events (e.g. Turq et al. 2013).  

Here we will present some case studies from Abric Romaní site, a Middle Palaeolithic 

rockshelter located north-east of Iberian Peninsula (Capellades, Barcelona). Researches in the 

site are focused on the reconstruction of Neanderthal behaviour through a multidisciplinary 

high-resolution approach (e.g. Carbonell 2012). The extended surface excavated and the 

temporal analysis of the assemblages formation allow to reach a short-time scale in the spatial 

analysis of the living floors (e.g. Gabucio et al. 2014; Vaquero 2008; Vaquero et al. in press).  

The data that we will present in this Conference clearly highlight that a single living floor is 

representative of a complex succession of diachronic activities, which are not visible analysing 

the archaeological record as a whole.  

The results of our researches suggest that a temporal perspective is essential for perceiving the 

single events carried out in a site and approaching the synchronic social and cultural 

organisation of group of co-residents. Our results imply that a useful and significant spatial 

analysis needs a previous analysis of the archaeological record. 

We should develop methodology and models for spatial pattern analysis at event-time-scale to 

be able to understand demographic and cultural long-term processes of past human groups 
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Authors 
Alejandro García-Moreno, Sabine Gaudzinski-Windheuser, Jarod Hutson, Lutz Kindler, 

Eduard Pop, Wil Roebroeks, Geoff Smith, Elaine Turner, Aritza Villaluenga  

Title  

Evaluating the influence of hydrological processes on Pleistocene 

ñoccupation floorsò: a comparative case study of archaeological material 

orientation from Schöningen 13II-4 and Neumark-Nord 2/2 (Germany). 

Abstract 
Open-air lakeland localities were attractive places for Palaeolithic settlement, since they 

provided a broad spectrum of resources. Sedimentary basins constitute unique archaeological 

archives due to their excellent conditions of preservation, allowing for extensive, high-

resolution environmental and archaeological analyses. This is especially important in the case 

of Central Europe during interglacial periods, where numerous archaeological sites were 

located in lacustrine settings, providing evidence for hominin adaptations to warm, forested 

environments. However, these sites were often subjected to complex littoral site formation 

processes, including overland flow, channel flow or wave action. Understanding the possible 

influence of these hydrological processes in the formation and post-depositional histories of 

Pleistocene deposits is essential for the interpretation of Palaeolithic hunter-gatherers 

behaviour. 

In this paper, we present a comparative study of two Pleistocene interglacial lakeshore sites, 

Schöningen 13II-4 óSpear Horizonô (MIS 9) and Neumark-Nord 2/2B (MIS 5e). Both sites 

yielded large, well-preserved faunal assemblages, allowing for in-depth analyses of Middle 

Pleistocene hominin subsistence. The excavations at both sites were large (around 500 m
2
 in 

Neumark and 1.500 m
2
 in Schöningen), enabling detailed spatial analyses to be undertaken. 

The rich assemblages, excellent preservation and large scale of these sites provided a solid 

foundation to assess pre-Neanderthal and Neanderthal spatial behaviour within these unique 

environments. 

In order to understand the spatial behaviour of these hominins, it is necessary to evaluate the 

possible impact of hydrologic processes in the distribution of artefacts and faunal remains at 

these sites by applying GIS to artefact orientation. Lithic and bone orientations were calculated 

from vectorised planes, and later analysed using circular statistics, in order to identify the 

presence or absence of significant preferred orientations. Patterns observed at both sites were 

compared with experimental observations, to identify which processes might have affected site 

formation. Finally, formation processes at both sites were compared, to evaluate differences 

and similarities between them. Evaluating the influence of non-anthropogenic processes in the 

distribution of archaeological material will improve our understanding of spatial organisation 

of the assemblages and, consequently, the spatial behaviour of Middle Pleistocene hominins. 

 

 

Authors Jens Axel Frick  

Title  

Visualizing occupation layers in homogenous sediments: Examples from 

the Grottes de la Verpill ière I & II, Burgundy, France 

Abstract 
This talk presents the methodological approaches used to reveal otherwise invisible layers in 

homogenous, fine-grained, aeolian/fluvial rock-shelter sediments containing archeological 

deposits from the Late Middle Paleolithic to the Early Upper Paleolithic. The excavations and 

analyses at the sites of Grotte de la Verpillière I and II have combined multiple technological 

solutions (archeological, geological and geographical) to build three-dimensional models of 

nearly invisible archaeological features in these sediments. The identification of occupation 

surfaces has been possible largely due to the piece-ploting of thousands of individual charcoal 

fragments, and these interpretations are supported by additional spatial data, lithic refits, and 
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technological analysis. In-field analysis of these data has informed approaches to the 

excavation of the sites. Detailed mapping and data analysis following fieldwork has focused on 

the reconstruction and interpretation of distinct occupation surfaces.  

Meticulous collection of spatial data, geoarchaeological observations (discolored, sintered, or 

disturbed sediments, grain size diǟerences, etc.), high-resolution digital imaging and digital 

color analysis are employed in combination with traditional archeological techniques like 

refitting of lithic and organic material, technological lithic analysis, and raw-material analyses. 

Most of these techniques are relatively standard practice today, but our unique combination of 

multiple, low-cost solutions to data collection and digital imaging is the key to reliable 

interpretations of the archeological sites, and can be easily put into practice by excavators 

working in a variety of contexts. The importance of mapping charcoal distribution and the 

insights that this approach offers are the emphasized. 

 

 

Authors 
Fabio Martini, Domenico Lo Vetro, Michele De Silva, Giovanna Pizziolo, Enrico Ortisi, 

Vincenzo De Troia, Paolo Machetti  

Title  

Ritual use of Romito Cave during the Late Upper Palaeolithic: an 

integrated approach for spatial reconstruction 

Abstract 
The Grotta del Romito (Northern Calabria, Italy), with its rare examples of rock art and several 

burials, is one of the most significant Upper Palaeolithic archaeological sites on the Italian 

peninsula. The cave was occupied during the Palaeolithic from ca. 24,000 to 10,000 BP. To 

date, nine intact, well preserved burials have been recovered from stratigraphic layers dating 

from ca. 18,000 to 11,000 BP, the majority of burials is referred to Late Upper Palaeolithic. 

This period corresponds to a greater intensity of occupation of the site, inferred from numerous 

fireplaces and extensive accumulations of bone and lithics. The site is at the foot of a rock cliff 

and is composed by a rock shelter and a cave. The western part of the cave, near the entrance, 

and the rock shelter would have connected during the Palaeolithic to form a large living space. 

The site has a long history of excavation: a first field season during the sixties of the last 

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 data in this cave 

context spanning from traditional distribution maps to laser scanner data acquisition. 

This contribution presents an overview of the technologies used to collect data during both 

excavations and lab processing phases and discusses the integration of several approaches 

(CAD, QTVR, 3D-modelling, Laser scanner). The project focuses on the spatial use of the cave 

as a ritual context aiming to integrate in a unique analytical environment the rock art and burial 

evidences distributed inside the cave and the shelter in order to perceive this space as a whole 

scenario 
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Authors Margarita Diaz-Andreu, Tommaso Mattioli  

Title  

Archaeoacoustics of rock art: quantitative and qualitative approaches to 

the acoustics and soundscapes of rock art in the Western Mediterranean 

Abstract 
Archaeoacoustics has made a breakthrough in the field of rock art research, as it represents a 

completely new way of studying the landscapes in which rock art was made. It looks beyond 

the materiality of the past and tries to retrieve, quantify and qualify other less evident or 

intangible cultural signs, such as those related to soundscapes and the acoustic experiences 

sought by prehistoric communities. Several articles have shown the relevance of acoustics as a 

factor for the production, location and active use of rock art sites and landscapes in Europe. 

However, there is a variety of alternative methods of research, some related to specific issues 

(physical, physiological, cognitive, cultural, etc.) and others to specific acoustic effects. This 

paper will present a basic framework for the investigation and recording of acoustic phenomena 

by incorporating both quantitative and qualitative aspects and measurements and 

characterization of spaces, aiming to establish a useful link between theory and practice. 

Examples will be drawn not only from Spain, but also from Italy, where new research is 

currently being undertaken. 

 

 

Authors Johan Linderholm, Paul Geladi, Claudia Sciuto  

Title  

Field based Near Infrared analysis of Rock paintings in northern 

Scandinavia 

Abstract 
Rock art and rock paintings attract a lot of scientific interest in archaeology and various 

archaeometric approaches have been applied in order to shed light on pigment composition etc. 

This study comprises of field based NIR measurements on rock paintings from late Stone Age 

in northern Scandinavia. Different documentation approaches have been tested where 

simplicity and true field functions have been key words. Seven different sites have been 

investigated and generated large amounts of multivariate data requiring multivariate data 

analysis.  Spectral information and classification results from these sites are presented and also 

some archaeological implications. 

 

 

Authors Enrique Cerrillo -Cuenca, Marcela Sepúlveda  

Title  

Photographic recording and the digital enhancement of pigments: recent 

applications in the rock art of Northern Chile 

Abstract 
The digital recording of rock art has benefited of an increasing number of software solutions, 

mostly photogrammetry and the enhancement of pigments from photographs. Regarding to this 

last field, we have assisted in the last decade to two different trends: the popularization of 

DStretch software and the application of advanced statistical methods through specialized 

software, which is not suitable for all the archaeologists.  

During the last years (Cerrillo et al. 2014) we have utilized open source scientific libraries for 

enhance pigments in a currently under development software codenamed PyDRA. PyDRA is 

composed of a graphical user interface (GUI) and the implementation of several statistical 

processes for the enhancement of pigments. The aims of these statistical procedures are: 

1) The enhancement of pigments in the image through Principal Components Analysis (PCA) 



SESSION 3C 

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

 

91 

 

and Decorrelation Stretch algorithm (DS). 

2) The creation of tracings for enhanced images by classification algorithms like K-means. 

The results are tracings (binary images) that can be superimposed for creating complex 

compositions. The main advantage is the detailed scientific documentation of the procedures, 

which makes this solution robust from the point of view of its scientific application. In this 

paper we present the results of the application of PyDRA to a join of rock art sites from the 

precordillera of Arica, Northern Chile (Sepúlveda 2011), which cover a wide chronological 

span from the Archaic Period (8500 cal BP) to the beginnings of Spanish colonial period. The 

results have shown that the combination of classification and enhancement techniques can 

provide clear tracings, especially for washed and deteriorated paintings. This approach is 

leading to a systematic recording of archaeological sites, boosted by the ñreplicationò of 

procedures in PyDRA. 

 References: 

Cerrillo-Cuenca, E., Ortiz-Coder, Martínez-del-Pozo, J.A., 2014. Computer vision methods and 

rock art: towards a digital detection of pigments. Archaeol. Anthropol. Sci. 6: 227-239 

Sepúlveda, M., 2011. La tradition naturaliste des peintures rupestres des groupes de chasseurs-

cueilleurs de lóextr°me nord du Chili, in Vialou, D. (Ed.): Peuplements et prehistoire en 

Amériques. Documents Préhistoriques 28. Comit des Travaux Historiques et Scientifiques. 

Paris, pp. 447-459 

 

 

Authors Paolo Emilio BAGNOLI, Andrea Samueli  

Title  
Computer graphics-aided recording of open-air extensive rock-art 

panels. 

Abstract 
The accuracy (minimization of measurement errors) and resolution (minimum size of details) 

of the graphical documentation of archaeological sites or objects, including rock-art, is an 

essential requirement for the correct interpretation and conservation. 

In the case of recording of widely extensive rock-art panels using conventional techniques, the 

preservation of the two above properties may imply a dramatic increase of the execution time, 

both in situ and in the post-processing phase. On the other hand in some cases the time and/or 

environmental conditions (urgent archaeological digs, underwater digs, rock art placed in 

dangerous or elevated positions) make the use of sophisticated scanning equipments unsuitable 

and should require faster, low-cost but still accurate recording methods, at least in the 

acquisition phase. 

The present communication deals with a method for graphical recording of planar engraved 

surfaces with wide extension able to maintain a high degree of accuracy and resolution. This 

method uses digital photography and a dedicated software and produce the map directly in a 

digital image format. 

 

Beside it was firstly designed and applied to record rock-art sites in the Apuane Alps (Tuscany, 

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 of the needed distance measurements and therefore greatly 

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 where the 

spatial relationships among different groups of details are crucial; 

c) 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 the field 

and three phases of data post-processing with the help of a dedicated software program. 

The three field actions are: 1) the built-up of an irregular grids of points (primary and 

secondary measurement stations) where each point is progressively numbered; 2) digital 

photographs of the details where each photo contain three points (stations); 3) measurements of 

the distances among the primary stations and between each primary station and all the 

secondary ones. 

The post-processing phases are: 4) built-up on the computer of the grid map of the stations 

using the software programs; 5) two color contour tracing of the details (including the position 

of the stations) on each photo also eliminating the use-less substrate; 6) pasting in semi-

transparency the photos on the grid map by connecting the stations on the photo with the 

corresponding ones on the map. 

Finally some application examples performed by the archaeological groups of Pisa and 

Massarosa will be shown. 

At the time of the conference the used software, implemented in MATLAB environment, will 

be given on the web as open source program. 

 

 

Authors Alexander Pakhunov  

Title  

Simple and low-cost method for the tracking of biological activity on cave 

art sites 

Abstract 
Microorganisms populating caves produce organic acids that damage and dissolve a calcite 

substratum. This might have been the primary cause of degradation of numerous Paleolithic 

paintings in many caves. Attempts to track the spatial distribution of microorganisms' colonies 

using naked eye and conventional macro photography often yield low-contrast images that 

cannot be used for solid image analysis and thus, are highly unreliable. Ultraviolet light source 

can be used to improve the contrast for it is widely known that many microorganisms emit 

intense luminescence under the ultraviolet radiation. The colour of luminescence is more 

specific when using a 254 nm deep ultraviolet (UVC) source (Bearman et al., 2013), but this 

kind of light source is not as widespread as near ultraviolet 365 nm (UVA) source. It is also at 

least two times more expensive. 

By using a portable LED UVA light source and a high-resolution photo camera, we took the 

ultraviolet fluorescence images of a series of Paleolithic paintings in Kapova Cave, Russia.  

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

Conservation (Warda, 2008), followed by the "similar colour" treatment in VIPS software 

(Martinez & Cupitt, 2005). The destination colour values of colonies in Lab colour space were 

measured with a digital colour picker. Resulting images contain only black and white pixels - 

the black ones are blank pixels while the white ones are the corresponding matching pixels. The 

precise number of white pixels was found by plotting the histograms of the whole picture or its 

parts. Comparing images in the visible and ultraviolet light clearly demonstrates a specific 

spatial distribution of colonies ï with minimum colony density on smooth surfaces of the 
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defectless substratum (note that surface roughness was estimated based on reflection 

transformation imaging (RTI) (Diaz-Guardamino & Wheatley, 2014) whereas the maximum 

colony density corresponds to the coralloid structures that have a high surface area and are 

covered by soot. 

Some paintings in Kapova were uncovered under thick calcite layers by the restorers in early 

1960s. It was found that the serifs on the surface of calcite precisely match the points of 

colonization by various microorganisms. To preserve paintings, we recommend using both RTI 

for the control of surface defects and UVF imaging for the accurate count of colonies. Based on 

these data, it is possible to make reasonable decisions as to what the course of local 

conservation intervention should be. 

 

 

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

Titl e 

Support of Petroglyph analysis through processing and viewing of 3D 

scans 

Abstract 
 Traditionally stone inscriptions or drawings are documented through pictures or rubbings. The 

latter ones represent an analogue copy of the stoneôs surface and its features which are 

reproduced on paper.  The disadvantage of this technique is the physical impact to the stone 

and the contained elements. Images reproduce the surface without contact. However, they 

might be affected by geometrical distortions and need appropriate lighting conditions to show 

the signs properly. 

These problems will be avoided by means of non-contact 3D measuring techniques, like fringe 

projection. Such high resolution 3D techniques provide an exact geometrical copy of the 

original petroglyph, offering better results in legibility compared to traditional techniques. 

Moreover, it gives a more objective base for analysis and has less impact on the sometimes 

sensitive and eroded surfaces. Furthermore 3D data allows more extensive and further 

possibilities in processing and gives better preconditions for the interpretation. 

However, depending on factors like resolution, scanned surface and degree of overlap between 

individual scans original 3D datasets may represent large up to really massive volumes of data. 

An effective use of such datasets can only be realised if they are condensed and prepared in a 

suitable way. This means reduction of the data volume, minimising any disturbing influence 

emerging from the spatial shape of the surface and emphasizing relevant information. The 

corresponding preparation of the data will then be a good base for a interpretation performed by 

the human science specialist through an adapted visualization. In addition the data should be 

prepared for high performance presentation to a wider community via the internet. 

Processed digital copies of the Petroglyphs are visualised in order to enable the user to inspect 

the processed scans of the objects. By inspecting the scans the application provides a mass of 

functionality for achieving different views into the Petroglyphs and their appearance. This 

comprises on the one hand a simple 2D viewer for the processed data, and on the other hand a 

3D viewer with interactive changeable light positions and water levels as well as a viewer for 

applying various lookup tables (colour), predefined image filters (convolution) and template 

matching (matching) regarding individual characters. 

Provided functionality of the 3D viewer is based on features of 3D computer graphics. Surface 

normal vectors from the grey values of the processed scans and a light direction vector from an 

interactively changeable light source are computed. In addition shading is complemented by 

water filling, whereby the gray values are limited by the water level selected. Individual 

modifications are possible to improve the subjective impression by the user, trying to support 

him in his process of interpretation. Interactive changes of the light source directly affect the 
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shading of the surface and provide a better idea of the 3D surface of the inscription board. 

Dynamic virtual water filling enables the user to obtain an even better impression of the depth 

of the individual characters and emphasise weathered characters. 

The paper will explain the developed techniques and document its potential at selected data 

sets. 

 

 

Authors Andrea Arcà  

Title  

Digital practices for the study of the Great Rock of the Naquane National 

Park, Valcamonica - Italy: from graphic rendering to f igure cataloguing 

Abstract 
Concerning rock art, or better rupestrian archaeology, studying engraved rocks is like an 

archaeological digging: a carved rock panel corresponds to a site, its figures to archaeological 

finds; at the same time the sequence of the engraving phases is be intended as an archaeological 

stratigraphy. For these reasons each engraved rock must be recorded with the greatest possible 

accuracy. In doing this, computer software is an indispensable working tool. From the graphic 

side, the need to obtain a detailed reproduction of figures and superimpositions may greatly 

benefit, like in cartography, of vector drawing software. The same goes for editing and 

publication: the final output of tracings, plates and tables should be managed in a graphically 

professional manner. From the analytic side, the necessity to deduce for each petroglyphic 

complex the taxonomy of its iconographic items, to define and count them and their relations, 

may lead to the compilation of a specific software, in order to produce detailed stats and 

listings, as well as a catalogue of figures. This is the case of the study ï performed by the 

author and which will be illustrated in this communication ï of the Great Rock of the Naquane 

National Park in Valcamonica (Italy); it's one of the most important prehistoric figurative 

palimpsest of the entire alpine rock art, where more than two thousands prehistoric figures are 

stored. Nearly one hundred square meters of tracings of the engraved surface has been 

produced, digitally acquired and drawn as vectors. A dedicated software was compiled, in order 

to store and to count all the qualitative and quantitative data of the engraved figures, such as 

dimensions, morphology, relations, chronology an so on. Figures records are compiled on the 

base of the final rendering of the tracings; once completed the job, listings, stats and catalogue 

are produced in a few seconds in html format, including textual data, drawings and pictures, 

ready to be published online or re-worked for a printed book. Like archaeology in general, rock 

art studies need to publish and share data: as demonstrated by this study, a large set of 

electronic instruments ï for graphics and for the data analysis ï are to be intended now as a 

fundamental tool box for the careful and up-to-date rock art archaeologist. 
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Title  
Providing 3D content to Europeana 

Abstract 

 

 

 

From 2012 to 2015 the European Project 3DICONS focused on the providing of 3D content to 

the Europeana. The project  aimed  to  exploit  existing tools and methods and to integrate them 

in a complete supply chain of 3D digitisation to contribute a significant mass of 3D content to 

Europeana. The project has been carried out by an interdisciplinary consortium including 

partners from different European countries and with different competences. The models range 

from large and complex architecture and archaeological monuments to small findings giving a 

wide impression about the potentiality of the 3D data capture, processing and visualization. 

Through 3D models the general public can visit sites which may be in remote locations, fragile 

and in some cases difficult to understand. 3DICONS contributed to the expansion of 3D 

Models into Europeana by offering enhanced experiences for its users by bringing exciting and 

engaging content for archaeological monuments and historic buildings. The project provided 

many reports on the 3D data-acquisition, 3D data-processing and 3D data visualization. A large 

number of case studies have been presented in the  guidelines. All these contributes are 

downloadable for free form the web-site of the project. They represents an updated technical 

pipeline of the 3D Model creation with the addition of rich metadata describing the real object 

and its digital replica. Mainly in terms of metadata the project provided an innovative schema 

including information about provenance and paradata to keep tracks of the complete 

digitisation process. As one of the main 3D-ICONS goals was to develop a metadata schema 

able of capturing all the semantic present in the digitation processes (provenance) and in 

understanding and interpretating data objects (paradata), the project updated the CARARE 

schema by adding classes or entities and properties to make the original schema compliant to 

the 3DICONS requirements.  The paper reports about the solutions adopted by the 3DICONS 

project as far as the metadata are concerned and other quality recommendations have been 

implemented. Some case studies will be presented and the complete pipeline from the object to 

the final model currently visualized in Europeana will be shown. 

 

 

Authors Achille Felicetti  

Title  

MaDAM: A new generation Digital Asset Management for Cultural 

Heritage 

Abstract 
This paper describes the development and implementation of a digital asset management 

system flexible but at the same time fast and easy-to-use tool for creating and managing a 

complete digital archive of archaeological objects including 3D models, images, and any other 

media object . 

The system has been developed around the CARARE model, a metadata schema developed for 

harvesting and delivering information concerning digital models of objects, monuments and 

other similar cultural heritage entities. But the metadata indexing model of the system is 

general enough and 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 upload data 

while maintaining simple naming conventions in order to associate the digital objects with their 

metadata, and to ingested the created packages into the system with a simple FTP client. 

 

The system comes with a real-time search and analytics engine able to index the uploaded in a 

fast and efficient way and to create a network of relationships between the different entities 

described in order to build a rational and well organised knowledge graph to ensure a faster and 

accurate retrieval at query time. 
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The system is also able to dynamically create landing pages for the digital objects, based on 

customizable templates, where all the related descriptions and metadata regarding the digital 

objects are reported. Thumbnails and previews of the objects are also provided. The indexing 

mechanism includes functions for the automatic generation of all the necessary URIs/URLs for 

the standard identification and web localisation of the digital resources. URIs to other relevant 

external information (e.g. terms from widely used thesauri, concepts coming from different 

ontologies and so on) are also generated on the fly. 

A set of query tools and interfaces provide advanced and real time retrieval features, included 

the ability to filter relevant results by means of faceted facilities, temporal and special entities. 

The indexing mechanism and the dynamic creation of landing pages allow, through a set of 

efficient mapping operations, the immediate availability of the data in the Europeana metadata 

format (thanks to the existing mapping between the CARARE and the EDM schemas) and the 

ability to upload the existing information directly in the Europeana digital library, without 

further action by user. 

The system was created as part of the 3DICONS project but with the purpose to provide a 

flexible and highly configurable tool that can be used in many different contexts and in various 

usage scenarios. Subsequent developments of the tool will allow the possibility to enrich the 

metadata by means of entities and semantic relationships in order to provide support for more 

advanced queries and punctual retrieval of relevant information. The ability to publish data in 

RDF format will constitute the basis for the creation and serialisation in Linked Open Data 

form of the information contained in the database. 
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Title  

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

Cultural Heritage Objects 

Abstract 
Web portals are entry points for information presentation and exchange over the Internet used 

by a community of interest. A part of the European cultural heritage thesaurus has already 

being offered as digital collections using various formats and thus there is a requirement for 

management, preservation and archiving of such digital assets as well as better communication 

of the cultural heritage assets to the users. There are a number of metadata schemas that are 

used to describe the content of these digital collections. In order to handle the additional 

metadata needed by the 3D Cultural Heritage Objects produced within the 3D Icons project, an 

extension of the original CARARE schema was developed, the CARARE2. TheCARARE2, a 

harvesting schema, supports now provenance, transformation and paradata required for quality 

assurance of 3D models. It is used for the delivery of digital content to Europeana with the use 

of a mapping between the CARARE2 schema and Europeanaôs EDM. The need to demonstrate 

the full richness of the CARARE2 metadata elements, resulted to the development of the 3D 

Icons portal ( 3dicons.ceti.gr ). 

The main aspect of the 3D Icons portal is to provide a geographical mapping of the digital 

assets provided by the 3D ICONS partners using the CARARE metadata schema. One of the 

main reasons behind the implementation of the specific Web application was to provide a 

supplementary to Europeana single access point that is able to allow the user to explore the 

digital assets of the 3D Icons project while querying with a set of alternative mechanisms that 

can be accessed over a geographical mapping visualisation graphical user interface. 

The development process of the Web application consisted of two main phases. In the first 

phase a metadata parser was developed in order to extract/harvest metadata from a digital 
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repository via an API. In the second phase we developed a tool that allowed the visualisation of 

the digital assets in relation to their spatial/geographical distribution. The user interface of the 

Web application provides two basic functionalities for the exploration of the digital cultural 

assets. The first is based on the selection of geographical regions of interest on an interactive 

map that depicts the digital assets on their actual geolocation. The second is a more 

conventional approach that allows the user to compose queries based on filters such as 

organisation names, type of the digital asset, size, date as well as keywords. An additional 

administration panel sets the Web application as a tool that can be used for other applications 

while handling metadata schemas. 
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Title  
Google Earth and KML as GIS tools for archaeological 3D models 

Abstract 
Since its introduction in 2005, Google Earth has been downloaded over 1 billion times. It is by 

far the most popular virtual globe and has gained academic interest as well, mainly due to the 

incorporation of KML (Keyhole Markup Language). KML is an XML-based open source 

language that has been adopted as an OGC standard since 2008 and allows users to represent 

their own data on the virtual globe. KML is of particular interest for archaeologists, as it 

combines three key components of archaeological research: objects, space and time. Since the 

introduction of KML 2.0, georeferenced and textured 3D models (objects) can be added to any 

KML file and visualised in the virtual context provided by Google Earth (space). Furthermore, 

the fourth dimension ï i.e. time ï can be added by using time stamps or time spans. In order to 

reduce computation time and enhance the userôs experience, it is possible to define various 

levels of detail. A certain 3D model is represented with a specific pre-defined level of detail 

based on its zoom level. Semantic enrichment is achieved by linking text, tables, images and 

web pages to the respective models. This way, metadata and further information are easily 

accessible for the end users. KML, in combination with Google Earth as a visualisation 

platform, can be of great value once archaeological research has ended, as it allows researchers 

to disseminate their results to the general public. As Google Earth is a well-known, low cost 

and straightforward tool, it does not scare off potential users with limited IT knowledge and/or 

budgets. 

This research paper implements the aforementioned process for a specific archaeological site 

(Edzna, Mexico). The entire site, containing 16 buildings, is modelled using both terrestrial and 

aerial imagery supplemented with total station and GNSS measurements. Afterwards, these 

models are incorporated into a KML file using three levels of detail and adding semantic data 

and specific time spans for every modelled building. To improve the quality of the 

visualisation, an ortorectified image is used as a backdrop for the models. The case study shows 

the value and usability of this method and can function as an incentive for other archaeologists 

to disclose their research in a similar way. 
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Title  
3D digit ization - state-of-the-art and future challenges 

Abstract 
Structured light scanning serves as one of the key digitization and measurement technologies 

for 3D data capture with high-resolution and high-precision. New challenges include a) the 

combination of 3D data capture with high-resolution color textures; b) further automation of 

data acquisition and processing; c) standardized meta-data collection coupled to the scanning 

process; d) presentation of data in 3D viewer environments . In this paper a short overview of 

state-of-the-art scanning technology will be provided comparing several digitization methods - 

i.e. Ct-scanning, structured light scanning, photogrammetry, laser scanning - with regard to 

resolution, precision and degree of automation. Concepts of automation will be compared from 

mobile solutions over turn-/tilt applications to robotic solutions for cultural heritage 

applications. Besides hardware automation, an overview will be provided comparing software 

improvements of recent projects for faster workflows and automatic as well as robust 

processing of 3D data including color textures. Concepts for metadata acquisition will be 

shown and the need for a general/standardized solution will be thermalized. A brief discussion 

on standard 3D data models with advantages and drawbacks that established themselves as 

quasi-standard over the last decades will lead towards a discussion on 3D data viewers, 

concepts and future needs. 
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Title  

A Revolution in Archaeology: 3D Technologies and the Democratization 

of Prehistory 

Abstract 
The key to making archaeological collections relevant in the twenty-first century is the creation 

of virtual repositories with built ïin analytical tools. While many museums are now making 

efforts in 3D visualization, virtual collections, and integrated database management 

presentations, we must take this further by putting entire collections online in a virtual 

repository. The goal of the Democratization of Science Project is to use 3D technologies to put 

entire archaeological collections, or entire museums, online so that any student, any child, any 

scientist, or any politician, anywhere, can do their own analyses. We suspect that important 

scientific and educational advancements are often not made simply because people do not have 

access to the collections. We hope to change this by democratizing access through 

virtualization, and we have developed the model for how this should be done and implemented 

the first examples. 

This required new developments in three areas. The first is in 3D virtualization and we are 

getting accuracy approaching +/- .005 mm, but we also developed new rendering techniques 

that bridge science and art without loss of accuracy or resolution. The second is in hyper-plastic 

database structures. This means that the database is so flexible that any type of data can be 

added without restructuring. In conjunction, we developed new techniques of database image 

storage. We serve over 70,000 high resolution images with real time resolution enhancement 

(resolution changes with zoom) while still maintaining integration with the database structure, 

and nearly 15,000 3D models. Third, these two structures are integrated with on screen 

measurement tools that allow the creation of multivariate datasets from any computer monitor. 

These measurement tools have been tested and shown to be accurate to .005 mm. 

The democratization of science is about using online media to make local, often inaccessible 

collections part of the worldôs scientific agenda, and allowing distant, often isolated 

individuals, classrooms, or collaborators the opportunity to conduct their own investigations on 

museum collections from anywhere on the planet. This should be the museum model for the 

next century, and it will drive collections use, collectionôs publication, and firmly establish and 



SESSION 4B 

NEW TRENDS IN 3D ARCHAEOLOGY: INNOVATIVE  TECHNIQUES AND METHODOLOGIES FOR THE 

ACQUISITION, RETRIEVAL AND ANALYSIS OF CULTURAL HERITAGE 

 

101 

 

maintain the relevance of archaeological collections as key sources of science and 

enlightenment. As a first step, we announce a new $10 million project to scan some of the most 

important collections available to archaeological research. 

 

 

Authors Edgar Roman-Rangel, Diego Jimenez-Badillo  

Title  

Recognizing the shape of archaeological objects by extracting local 

orientations of points on the surface of 3D models 

Abstract 
Following a presentation in Paris during the CAA-2014 conference -in which we demonstrated 

the importance of computerized shape analysis, this paper reports new advances in the 

automatic recognition of archaeological artefacts by means of computer vision algorithms. 

We assess a novel technique for local description of 3D surfaces called Histogram of Spherical 

Orientations (HoSO). The HoSO local descriptor consists of the quantization of the local 

orientations of a point with respect to its nearest neighbours. Such local orientations are 

computed both in the azimuth and the zenith axes. The frequencies of the local orientations are 

stored in a histogram, which can then be used for comparison and matching purposes. 

The approach consists in computing HoSOs for a large sample of points on the surface of a 3D 

mesh (i.e. an archaeological object) and then comparing the histograms of a query model with 

the histograms of other 3D models stored in a repository. The comparison and matching steps 

are done using the so-called bag-of-words model. 

The approach is applied to archaeological objects from the prehispanic collection of the 

Templo Mayor museum (Mexico City), which contains an interesting set of stone masks, as 

well as other types of ritual artefacts. This approach presented here, however, can be applied to 

many different classes of objects. 

 

 

Authors Giuliano De Felice  

Title  
The new trend of 3D archaeology is é going 2D! 

Abstract 
Nowadays one cannot imagine any archaeological activity such as fieldwork, lab work or 

historical analysis and synthesis without the support of technologies. 3D is a relevant part of 

this scenario, considering that archaeology is a reality composed of 3D entities that have to be 

measured, analysed, understood and reconstructed. 

No surprise then if 3D reconstruction of monuments and sites is one of the most important 

applications of IT to archaeology, considering the ability to measure and recreate, in a perfect 

and realistic form, something that does not exist anymore. Relying on this strenght, 3D 

visualization is today the main medium also for archaeological communication.  

Its strong visual impact gives archaeologists the chance to visually realize their reconstructive 

thoughts and gives the wide audience a chance to interact with scientific process of research 

and interpretation. 

But what if we move our focus from visualization techniques to content? Starting from the 
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consideration that before determining the use of a peculiar technology it is always better to 

evaluate the communication aspects, we have to consider the fact that 3D sometimes could not 

be the right solution, considering that any archaeological site or object is more complex than its 

material aspect and that even the most accurate 3D survey or the most precise virtual 

reconstruction are nothing but parts of a research process, tools to help interpretation. If our 

goal is to make the real meaning of archaeology fully understandable to a wide audience a 3D 

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 coming 

from the world of film technique. And we must have a director, a plot, a screenplay, a script 

and maybe actors and so on, before choosing the tools. In other words, first comes the story: the 

good news is that archaeology is a story itself, and we only have to choose how to narrate it. 

So, the first questions to pose, starting a communication projects about archaeology should be 

ñwhich story I am going to tell?ò ñWhom I am going to tell my story to?ò. Then, in a second 

moment we can ask ourselves ñWhich is the best tool to realize it?ò. 

In this paper I will show the results of Living Heritage project, that led us to develop 

storytelling methodologies and techniques and to bind them with archaeological knowledge. 

The main result of the project has been the production of a prototype of a storytelling engine 

(swipe story) that can be easily used by authors to realize narrations about cultural 

communication, focusing on content and visual styles more than on technologies and tools. The 

engine can easily manage any kind of content, from texts to music to 2D and 3D computer 

graphic, but it needs a story to start! 
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Title  

Master-hand Attributions of Classical Greek Sculptors by 3D- Analysis at 

Olympia - Some Preliminary Remarks 

Abstract 
The sculptural decoration of the temple of Zeus at Olympia (built ca. 475-455 BC) is generally 

considered to be one of the most important and most magnificent works of ancient Greek art. 

The preserved fragments have been thoroughly studied since their discovery in the 1880ôs, but 

they still pose some important questions. Perhaps the most difficult and the most distressing 

problem regards the identity of the master(s) of these works. Despite the high artistic quality 

and their excellent workmanship, nobody really knows, who the sculptor (or the sculptors) of 

these pieces actually was (were) and where he (they) came from. A conventional art historical 

method (master-hand attribution developped by G. Morelli) is therefore combined with the 

possibilities provided by the most recent 3D technologies in order to investigate the problem. 

The paper gives an outline of the project and its principles and discusses basic methodological 

problems connected with it. 
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Title  

The Iseum in Pompeii: a case study on the use of an RDF ontology to 

document 3D visualisation of archaeological heritage. 

Abstract 
Although the crucial importance of transparency in 3D visualisation for archaeology is widely 

recognised by the researchers in the field (Denard 2012, Johanson 2009, Frisher et al. 2002), 

the lack of a standardised process of peer review, referencing and documenting still prevents 

3D virtual environments from being seen and used as proper tools of research and not just 

illustrations targeting the general audience (Favro 2006).  A tailored RDF ontology has been 

proposed as a time- and cost-effective way to document scholarly 3D virtual environments and 

the research process that they express (Vitale 2014). 

This paper presents the first results of the experimental application of the SCOTCH (Semantic 

Collaborative Ontology for 3D-visualisation of Cultural Heritage) ontology, and the related 

methodology, to document the 3D visualisation of the Iseum in Pompeii. 

As the name states, SCOTCH is meant to be designed and implemented collaboratively by the 

large and diverse community of virtual archaeologists. However, a first subset of the ontology 

has been developed as a proof of concept, to show the potentiality of the method and to be used 

as starting point for a wider discussion. 

 In part due to the huge popularity in the archaeology of Pompeii, the case study has selected 

buildings from that location. Two hundred and fifty years of unbroken interest from scholars 

and visitors, have generated a substantial number of (verbal and visual) records, a large 

bibliography and many entries in museum catalogues. Moreover, many of these resources are 

free from copyright and can be found in online digital archives and repositories, making 

Pompeii the ideal scenario for experimenting with linked data. 

 This paper will discuss the challenges encountered, the results achieved and possible 

improvements, suggesting a workflow that, through linked data, integrates the research process, 

the modelling, the documentation and the online publication. 

More specifically, the paper will: 

propose a simple naming convention to label the elements in an historical 3D virtual 

environment. 

 present a way to describe the provenance of the information associated with each element, the 

relationship with its material referents and with the historical sources, the original research 

introduced by the author. The ontology does not aim at establishing a hierarchy of preferable 

sources, but simply states their origin and the rationale of the author's choices.  

discuss possible ways to address the issue of fragmentary, inhomogeneous and conflicting 

sources.  

suggest a method to record some of the most frequent operation of normalisation, regularisation 

and simplification that are usually embedded in 3D visualisations. 

 show how the ontology can capture, at least partially, the complexity of a cultural heritage 

object, representing different voices and interpretations across time and cultures.  

present the potential interaction of the virtual environment with external (online and offline) 

information. 
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Title  
The Roman Vil la of Oberlienz: A multidisciplinary 3D reconstruction. 

Abstract 
High resolution archaeological geophysical prospections allow for the non-invasive 

investigation of subsurface features. In particular, the high resolution Ground Penetrating Radar 

(GPR) measurements permit the accurate investgation of the subsoil offering the possibility for 

the detailed 3D mapping of archaeological structures and virtual reconstructions of 

archaeological complexes. 

In this paper, we present a 3D reconstruction of a Roman Villa located in Oberlienz-Lesendorf 

(Austria), part of the former Roman province Noricum, which has been investigated by GPR. 

The 3D GIS-based mapping of the features detected by GPR is conducted within ArcGIS 10.2 

allowing for the improved 3D editing of vector features and detailed description through 

attributable information. Extruded 2D (2.5D) and 3D interpretation models of the buried 

Roman structures are created based on the dynamic and interactive analysis of the 

prospection data in the GIS environment, in which the GPR data are visualized in form of 

animated sequence of raster images. 

Based on the GIS interpretation models the virtual reconstruction is performed within 3D 

modelling software environment allowing for the interactive modelling and texturing of the 

mapped 3D objects. In this step, analogies together with written sources play a crucial role 

since they provide additional data and documentation which can be used to enrich the lack of 

information. A systematic comparison between the detected remains and excavated 

archaeological sites in the provinces Noricum and Raetia, where similar buildings and 

complexes have been investigated, was conducted with the goal to achieve a comprehensive 

and reliable reconstruction of the Roman villa. In order to achieve the interactive investigation 

of the virtual 3D model in a georeferenced environment, the textured 3D objects are re-

imported into the 3D ArcGIS environment (ArcScene and ArcGlobe) and integrated into the 

GIS-based 3D maps, in which the objects and related attributable information can be queried, 

interactively, by menas of HTML popups. 

Structures belonging to different phases are clearly detectable in the GPR data. Finds dating to 

different periods were also collected at the site at the beginning of the 20th Century. Based on 

this fact, we argued that the Roman villa was probably used for a period of at least 300 years. 

Based on the analyisis of the GPR data and analogies with similar buildings and complexes, the 

presumed diachronical evolution of the Roman villa with main houses and ancillary buildings 

is presented dynamically through the use of animations. The work which was conducted within 

the multidisciplinary team of the Ludwig Boltzmann Institute for Arcaheological Prospection 

and Virtual Archaeology in collaboration with the Vienna Institute for Archaeological Science 

(VIAS) of the University of Vienna, also has the aim to demonstrate the high potential of the 

integrated and systematic use of non-invasive Archaeological Propsection Methods and Virtual 

Archaeology for the investigation, digital documentation and scientific dissemination of the 

"invisible" archaeological heritage. 
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Title  
Hand-free interaction in the virtual simulation of the agora of Segesta. 

Abstract 
The aim of the paper is to illustrate the work of an interdisciplinary team composed of young 

archaeologists and researchers of the Scuola Normale Superiore and the University of Pisa. The 

synergy between these Centres has recently allowed for a more articulated three-dimensional 

simulation of the agora of Segesta. Here, the archaeologists discovered the remains of a huge 

stoa, whose first monumental phase dates back to the Late-Hellenistic Period. Computer 

graphics and image-based approaches (i.e. terrestrial and aerial SfM) have been used in order to 

monitor, document and record the different phases of the excavation activity (layers, findings, 

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 virtual 

environment visualizable into the CAVE (Cave for Automatic Virtual Environment of the 

DreamsLab), a new dedicated application has been created. By using hands tracking sensor in a 

non-standard way, the application allows a completely hand-free interaction with the simulation 

of the agora of Segesta and the different phases of the fieldwork activities. More specifically, 

the operator can use a natural interface with hand gestures to slide and visualize the perfectly 

overlapped models of the archaeological layers, pop up the models of single meaningful objects 

discovered during the excavation, and obtain all the relative metadata (stored in a dedicated 

server) which are visualizable on external devices (e.g. tablets or monitors) without further 

wearable devices. All these functions are contextualized within the whole simulation of the 

agora, so that it is possible to verify old interpretations and enhance new ones in real-time, 

simulating within the CAVE the whole archaeological investigation, going over the different 

phases of the excavation in a more rapid way, getting information (measurements, position of 

the finds) which could have been ignored during the fieldwork, and verifying, even ex-post, 

issues not correctly documented during the fieldwork. The opportunity to physically interact 

with the 3D model of the agora, makes it possible to drastically increase the level of affordance 

between operator and 3D simulation, and to verify with a completely new approach issues 

which can be hardly investigated by using 2D models (e.g. physical relations between objects 

and monumental context, internal and external visibility, relation between open and closed 

spaces, lighting inside the building). 

The application has been recently implemented on the Oculus Rift DK2. The last release of this 

device has a higher resolution and, as a result, makes it possible to visualize all the metadata 

directly within the virtual environment, without using any other device. In addition to this, the 

portable nature of the Oculus will allow us to use the application on site, during the next 

excavations. 

 

 

Authors Catriona Cooper  

Title  
Auralization: analysing the sound properties of cultural heritage 

Abstract 
The process of auralization has been a focus of acousticians for many years. As with early 

research within visualisation cultural heritage sites have often been used as case studies for 

exploring how acoustics can be modelled. The work has mostly been either recording sites as 

they stand today (Martellotta, 2009), or beginning to model them using software packages such 

as CATT and Odeon (Farnetani, Prodi, & Pompoli, 2008). In recent years archaeologists have 
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begun to engage with sound in more detail, some of these approaches have been theoretical 

(Hamilakis, 2011; Weiss, 2008) or exploratory (Reznikoff, 2008; Waller, 1999), while others 

more technologically based (Mlekuz, 2004). 

Unlike digital visualisation modelling, acoustics has not been heavily critiqued and there has 

not been the drive for archaeologists to learn to undertake the work independently. Instead 

archaeologists aim to team up with acousticians (Till, Scarre, & Miguel Fazenda, 2013; Till, 

2011; Watson & Keating, 1999; McBride, 2013). However, this does not foster a true 

understanding of the results; acousticians do not theoretically engage with space, while 

archaeologists do not understand the nuances of the technique. 

In this paper I present a methodology for discussing the acoustical properties of a closed space. 

Focussing on a case study of Ightham Mote in Kent this paper discusses geometrical acoustic 

methods of auralizing the Great Hall. I will bring together the results of the survey to discuss 

the experience of sound in the place and how this can be used alongside our understanding of 

the experience of sound in a medieval household 

 

 

Authors Christine Wittich, Tara Hutchinson   

Title  

Dynamic Characterization and 3D Reconstructions of Massive Human-

Form Archaeological Statues for Earthquake Loading 

Abstract 
Archaeological and cultural heritage artifacts are often housed in a variety of locations such as 

laboratories or on display in museums and can potentially be subject to natural hazards such as 

earthquakes. While smaller, lightweight artifacts tend to respond favorably to seismic loads, 

massive statues are extremely susceptible to damage and destruction in the event of an 

earthquake. A recent project focused on characterizing the dynamic properties of three massive 

sandstone statues using a combination of non-destructive modal analysis and light-detection 

and ranging (LiDAR). The three artifacts originate from Saudi Arabia and date back 

approximately 2000 years. The statues are constructed of sandstone, are approximately 2.5 m 

tall, and weigh in excess of 1 ton. The statues are part of an exhibition travelling to multiple 

locations around the world; however, the dynamic characterization took place in collaboration 

with the Smithsonian Institute and the Asian Art Museum (AAM) in San Francisco, California, 

USA. Testing took place on site at the AAM in October 2014. Characterization of the artifacts 

began with recording the in-situ geometric configuration and boundary conditions (i.e. restraint 

mechanisms) using light-detection and ranging techniques (LiDAR). The resultant high-

resolution, geometrically accurate point clouds are triangulated to form watertight surface 

meshes in order to calculate mass properties. The second step in the characterization is the non-

destructive modal analysis or system identification in which the resonant frequencies of the in-

situ statue-restraint system are determined. The physical test consisted of outfitting the statue 

with small, lightweight, high-sensitivity accelerometers, imparting a small force, and measuring 

the output vibration at multiple locations along the statue. The ratio of the frequency response 

of the output to the input yields the natural frequencies (modes) of the system as well as 

damping and mode shapes. These characteristics of the statue system can be used to understand 

the seismic vulnerability of the statue and predict the response to earthquake loadings. 
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Authors 
Igor Barros-Barbosa, Kidane Fanta, Panagiotis Perakis, Christian Schellewald, Lise 

Kvittingen, Theoharis Theoharis  

Title  
Establishing Parameter Values for the Stone Erosion Process 

Abstract 
A computer simulation model of the naturally occurring stone erosion process is attractive 

because of the many potential applications to studies of cultural heritage and the built 

environment. Such a model could enable us to predict the future state of important cultural 

heritage monuments based on different environmental scenarios, allowing us to take timely 

appropriate action. However, a simulation model of this type is extremely challenging, due to 

the large number of parameters involved and also the difficulty of establishing their values 

given the large timespan over which they evolve. This complexity also makes simple 

observation of these parameters on stones in the natural environment unproductive. 

One way to establish parameter values in a manageable timeframe is through the use of 

chambers that can subject stone samples to accelerated erosion. Simulating all the natural 

effects that contribute to erosion is difficult; however one can identify the most important 

effects and try to simulate these in isolation. 

This paper describes the design and construction of two low-budget automatic erosion 

chambers to simulate the Freeze-Thaw and the Salt effect respectively, based on a control 

system using off-the-shelf components. It also details the parameters monitored after each 

erosion cycle, obtained with the use of 3D scanning, electron microscopy, micro computed 

tomography, 3D microscopy, XRD and petrography. This long list of parameters poses 

challenges of integration in a single 3D model and our achievements in this area will be 

discussed. The recording of these parameters is intended to eventually lead to a publicly 

available database for erosion benchmarking. In the current instance we are only considering 

Pentelikon marble and two types of sandstone. This work forms part of the PRESIOUS EU 

project (www.presious.eu). 

 

 

Authors Willem Vletter   

Ti tle 
An 4-D analysis of historical road and path networks 

Abstract 
In Archaeology and in other academic fields, the application of LiDAR data for creating a 3D 

model of an area is already well known. Moreover, it is the only remote sensing technique that 

can visualize on a large scale the micro topography in (densely) forested areas. In general areas 

historical road and paths are better preserved, in forested than on agricultural land.  Therefore, 

the objective of my PhD thesis research was to develop a methodology based on LiDAR data to 

investigate historical road and path networks in forested areas. 

The developed methodology exists out of four steps. In the first step the (semi-) automatic 

visualisation and extraction of linear features from ALS data is tackled. In the second step a 

method is presented to determine the relative chronology of historical roads and paths. The 

third step deals with the predictive modelling of unknown networks. The last step combines a 

3-D environment with a time element, resulting in a temporal-spatial visualisation of the road 

and path networks found. 
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In this presentation the focus lays on the fourth step. More precisely on the use of gaming 

software (Unity) to visualize elaborated LiDAR data. On a 3D model (semi-) automatic 

extracted and (relatively) dated roads and path networks are draped.  Thanks to the dating, 

networks from different periods can be shown. This provides a temporal dimension to the 

model, making it 4D.  Being a gaming software the model can be made more realistic by 

coloring and adding (different) vegetation to the scenes of the various periods. In addition 

agents can be introduced in the application, resulting in that one can experience the landscape. 

In this way one can not only ´travel in landscape´ but also ´in time´, expanding the analytical 

possibilities. 
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Authors Giacomo Landeschi, Nicolò Dell'Unto, Daniele Ferdani  

Title  
A vector-based pipeline for assessing visibili ty: a 3D GIS perspective 

Abstract 
3DGIS systems have been recently used as a powerful means to store, query and analyze 

archaeological datasets. The latest technological developments in 3D and GIS technology led to 

the introduction of innovative work pipelines that allowed archaeologists to import even 

geometrically-complex texturized 3D models in GIS. Such an achievement, opened up to very 

promising research lines where the level of accuracy of the 3D reconstruction can effectively 

integrate the analytical power of GIS platforms. In this sense, the Pompeian house constitutes a 

very valuable case study to make an assessment of the visual significance connected to specific 

classes of objects: many of them were originally put in display with the specific purpose of 

being seen by someone else. Detecting and quantifying those visual patterns is a necessary step 

for better catching symbolic and ideological meanings that regulated the displacements of the 

artifact inside the built space of the Roman house. 

In the frame of the Swedish Pompeii Project a recently-developed research line allowed us to 

test an entirely 3DGIS-based approach to evaluate the visual impact of different categories of 

artifacts, like wall inscriptions and paintings and to describe a work pipeline that could be 

effectively used and repeated in many other study contexts. To reach this goal, a vector-based 

line-of-sight analysis has been carried out and the encouraging results obtained constitute a 

valid starting point for discussion and to extend this kind of methodological approach on a 

wider sample of data. 

 

 

Authors 
Michael Auer, Heather Richards-Rissetto, Jennifer von Schwerin, Nicolas Billen, Lukas 

Loos, Alexander Zipf  

Title  

MayaArch3D: Web based 3D Visibility Analyses in Ancient Cityscapes ï 

the role of visible structures at the Maya Site of Copán, Honduras 

Abstract 
The MayaArch3D project is developing a web-based archaeological research platform using as 

a case study 24 square kilometers surrounding the UNESCO World Heritage Site of the ancient 

Maya kingdom of Copan (Honduras).This research platform combines information from a 

traditional, non-spatial archaeological database of the German Archaeological Institute (DAI) 

with 2D and 3D GIS data stored in a geospatial-database. This combined system supports the 

visualisation and analysis of large archaeological landscapes down to 3D models of small stone 

objects.  

One part of the projectôs research agenda deals with questions about the socio-political 

structure of the ancient city, whose buildings have been classified into five socio-economic  

classes from simple huts to ceremonial temples. In contrast to the architectural types that 

represent buildings constructed by a broad spectrum of society, smaller stone monuments at 

Copan ï the so-called stelae and altars, were commissioned exclusively by Copanôs nobility (or 

rulers and elite). These contain textual and iconographic messages that scholars have been 

working for over a century to decipher and understand.  New methods of analysis made 

possible by 3D web GIS can now aid in testing these hypotheses. Specifically, the visibility or 

inter-visibility of monuments and buildings of different social classes (and also to or from 

common pathways that inhabitants of different social quarters may have taken while moving 

through the city), may reveal new insights into the socio-political structure of the city, the 

functionality of certain monument types (e.g. stelae), and how and to whom certain messages 

were addressed.  

In particular, to test the functionality of the stelae that are dispersed across Copanôs landscape, 

a network of visibility relations can be established and used to test existing hypotheses about 

the stelae function; for example, that the stela locations might have been used to transfer smoke 
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signals from the outskirts of the valley to the center of power. Other theories on stelae 

functionality assign them the role of boundary markers or delimiters of power, markers using 

the sun position coinciding with the start of the planting season, stations of a procession route 

or as landmarks to guide incoming visitors to the center. 

Our objective is to perform visibility analyses in a web-based context. Because large amounts 

of data are involved in visibility computation using, for example, terrain models stemming 

from LiDAR surveys, a web-based analysis system has to either support processing services to 

displace the computation load to a remote computer, or it must intelligently split the analysis 

and its necessary data into parts, aiming to minimize the amount of data to be downloaded and 

processed. 

 

 

Authors Nicolo' Dell'Unto  

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

Abstract 
This paper discusses a methodology based on the use of 3D technology to acquire, post process 

and simulate the use of the space in ancient buildings. This approach implies the use of 3D 

acquisition technologies, such as laser scanning or image based reconstruction, to build 

libraries of 3D objects to use for visualizing different versions of the same historical 

environment. The construction of such virtual interpretations and their implementation inside 

three-dimensional visualization platforms allows retrieving new information concerning how 

the space was organized and used in the past. This methodology has been tested in the medieval 

church of Dalby, Sweden, to retrieve information concerning the medieval crypt and its use. 

The church of Dalby was funded at the beginning of the XI century and it is considered the 

oldest still standing stone church in Scandinavia. Since its construction the original structure 

changed several times and the current configuration of the space doesnôt allow an evaluation of 

how the crypt was used in the past. This experiment proved how this methodology permitted to 

retrieve new information for the interpretation of the crypt. The preliminary results of this 

project will be presented and discussed. 

 

 

Authors Rodrigo Mora  

Title  

The development of 3D VGA tools: an application in a case of weak 

heritage in Valparaiso, Chile 

Abstract 
In the last ten years, isovist analysis has emerged as a fundamental method to reflect a personôs 

visual experience in cities and buildings. However, until now most studies used a two-

dimensional, planar perspective, thus neglecting the three-dimensional nature of vision. This 

paper presents a method to construct 3D isovists. The idea is to give a more realistic account of 

a personôs visual experience in hilly urban scenarios where a person can see places that are not 

directly accessible. The paper aims to contribute to the construction of objective methods to 

represent the environment in a more ecological way. 

The method is tested in the city of Valparaiso, a heritage city that spreads across thirty hills 

forming a natural amphitheatre, and whose charm rests, to a great extent, from the visual 
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experience that arises from observing distant parts of the city that are not directly accesible. 

The results show that three-dimensional isovists are capable of capturing the underlying visual 

properties of ravines and urban viewpoints (miradores) of Valparaiso. 
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Authors Thomas Höll, Gert Holler, Axel Pinz  

Title  

A scanner-prototype for geometric and radiometric reconstruction of 

rock-art sites 

Abstract 
The accurate geometric and radiometric reconstruction of rock-art sites is a challenging task 

due to their remote location and the non-laboratory data acquisition situation. We present a 

portable stereo-vision based rock-art scanner prototype that enables a fast and accurate 

scanning of the geometric and radiometric characteristics of such sites. 

We are interested in the reconstruction of whole rock-art sites and the spatial relationship 

between them. To do so, our scanner produces a geo-referenced 3D reconstruction of the sites. 

We achieve an accurate 3D reconstruction by augmenting a Structure from Motion approach 

with additional knowledge of the scannerôs stereo-setup and tachymeter measurements. The 

stereo-setup is used to determine the scale of the reconstruction and the tachymeter 

measurements are used at first hand to geo-reference the reconstruction, and second to 

compensate the drift induced by the Structure from Motion method. By doing so, we obtain a 

geo-referenced 3D reconstruction with a precision of 0.1mm. A major advantage of this 

approach is, that the geo-referenced reconstruction is obtained without the usage of ground 

control points. On the other hand, if a geo-referenced reconstruction is not necessary the 

scanner can also be used without a tachymeter. 

One of the challenges in scanning radiometric surface properties is the illumination condition at 

the rock-art sites. Different from the laboratory one is confronted with non-controllable 

illumination conditions and cast shadows caused for example by nearby trees. Despite of these 

conditions the proposed scanner prototype is able to deliver radiometric surface properties 

beyond photo-texture. In order to achieve this we design a custom LED-illumination and for 

each scanner position we acquire two images, the first with the LED-illumination and the 

second without LED-illumination. We subtract the second from the first image to obtain an 

image that is free from ambient light effects. To estimate the radiometric surface properties we 

solve an inverse rendering problem using the knowledge of the 3D reconstruction and the 

scanner calibration. 

To verify the performance of the scanner prototype we present various experiments. The 

geometric accuracy of the scanner reconstruction is shown by a comparison of our 

reconstruction and ground truth data of already scanned rock-arts. Colour targets with known 

radiometric surface properties are used to verify the radiometric reconstruction. 

 

 

Authors Ken Saito, Chris Musson  

Title  

3D Recording of Rock Art in Harsh Environmental Conditions at 

Ughtasar, Armenia 

Abstract Armenia has a rich heritage of prehistoric rock art, one of the most spectacular sites being at 

Ughtasar, in the mountainous southern part of the country. At a height of 3300m above sea 

level, and under snow for most of the year, the study area discussed here occupies the crater of 

an extinct volcano within which many hundreds of rock-art figures have been pecked or carved 

into the surfaces of the glaciated rocks. Animals, humans, wheeled vehicles and abstract figures 

are all present, sometimes in apparent scenes involving hunting and other social activities.  The 

harsh natural conditions of the site place a premium on speed and effectiveness of recording in 

the short period each summer during which a largely self-funded Armenian/UK team of 

archaeologists and other specialists has been systematically recording the rock art for the past 6 

years. The presentation will concentrate on practical experience with multi-image 

photogrammetry during the 9 days of site work undertaken each year during 2013 and 2014. 

 Following preliminary trials in 2012 and 2013 one of the specific objectives of the work in 
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2014 was the 3D recording of 120 of the most important, distinctive or fragile carved panels 

within the 900 or so recorded up to the end of the previous year. The recording is seen as a 

form of ópreservation by recordô, particularly important because the site is coming under 

increasing pressure from visitors who do not always understand the damage that can be caused 

by walking on or touching the rock art panels. This aspect of the work thus represents a case-

study in non-destructive recording aimed at the documentation and conservation of endangered 

archaeological features on a site which presents many practical difficulties because of its 

remoteness, inaccessibility and harsh environmental conditions.  

The 3D data at Ughtasar has been collected with three main aims ï selective preservation-by-

record, visualization, and research. The link between the three is that the most important of the 

rock art panels and surroundings should be capable of 3D reconstruction in a digital 

environment so as to serve any one of these three objectives. Thus 3D representations showing 

both the local setting and a high degree of detail in the individual rock-art panels are required 

for purposes of preservation, interpretation and research. In addition, digital models are seen as 

important for visualization, increasing the potential effectiveness of communication both with 

fellow specialists and with the general public at local, national and international levels. It is 

worth observing, however, that at Ughtasar ï as elsewhere ï the practicalities of web-based 

communication 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 Anna 

Khechoyan. Descriptions of the site, the project objectives and the results achieved so far can 

be found athttp://www.ughtasarrockartproject.org. 

 

 

Authors Vera Moitinho de Almeida, Luis Teira, Roberto Ontañón Peredo  

Title  
Analysing Rock Art: a quantitative approach using 3D models 

Abstract 
In this paper we present a framework based on quantitative methods and 3D digital models for 

the analysis and interpretation of prehistoric art (or prehistoric graphic expression). The object 

of study is located at the source of the River Ebro (Cantabria), in the North of the Iberian 

Peninsula. It consists of a set of 23 antropomorphic figures, from the Early Bronze Age, aligned 

side by side and carved on the vertical surface of a bedrock. We chose the central and larger 

figure, the only armed anthropomorphic figure from this set, as an optimal test case for 3D 

scanning (structured light scanner, 280 ɛm resolution) and for further geometric analysis. Our 

aim is to provide meaningful information towards a better comprehension of the manufacturing 

procedures, by: describing quantitatively different types of microtopographies (ISO 25178) and 

other geometrical features; Differentiating morphologies within figures; Associating the 

observed macro traces with possible gestures, sequences, carving techniques and used tools. 

This research falls into a wider reflection on the contribution of controlled and replicable 

imaging process towards comparative studies of prehistoric graphic expressions. 

 

 

 

Authors Matthias Zeppelzauer  

Title  

Intell igent Rock Art Processing: from Automated 3D Segmentation to 

Shape Classif ication 
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Abstract 
The UNESCO world heritage site Valcamonica contains numerous rock panels with 

petroglyphs that have been pecked, scratched or carved. We present recent research in the area 

of automated processing of rock art that has been performed in the 3D Pitoti project (3d-

pitoti.eu). A major goal of the project is to model the rock surfaces by 3D scanning to generate 

high-resolution reconstructions of petroglyphs. Once a rock surface is scanned and mapped in 

3D we extract the petroglyphs from the surface by automatic 3D segmentation. In a subsequent 

processing step we analyze the shape of the petroglyphs. For this purpose, we refine the raw 

segmentations (shape preprocessing) and fit a skeleton into the petroglyph (skeletonization). 

The skeleton is an abstract and highly invariant representation of the shape and serves as a basis 

for the automated indexing. The indexing enables the search and retrieval of petroglyph shapes, 

i.e. to find similarly shaped petroglyphs to a given one. Finally, we propose techniques for the 

classification of petroglyphs into different classes provided by a comprehensive typology. The 

talk gives an overview on the entire processing chain from 3D segmentation to shape 

classification of petroglyphs and presents challenging research results in this domain.  

 

 

Authors Carlo Inglese, Marco Carpiceci, Fabio Colonnese  

Title  

Mediated representations after laser scanning. The Monastery of Aynalē 

and the architectural role of red pictograms 

Abstract 
The monastic settlement of Aynali is located in Cappadocia, a short distance from the Open Air 

Museum in Goreme. It is just outside the large semi-circular rock cavea constituting the heart 

of that singular confederation of monastic communities. Possibly the whole area was ruled by a 

common social structure, in which each core was constantly in touch with the other ones, 

sharing the need for subsistence and contemplation. 

The rooms of the monastery of Aynali are on two main levels and were excavated around a 

rectangular court. The Northeast front can be assumed as the main facade: two openings allow 

people to enter the great room, which is covered by a barrel vault and divided in three parts by 

two light suspended arches, while a third opening leads to the church through a small vestibule. 

The church is roughly square, with a large central apse; four large columns divide its space into 

three naves covered by barrel vaults. 

The church and other parts of the monastery follow approximated geometrical rules and are 

rarely comparable to simple geometric shapes. This would suggest they are the result of an 

extemporaneous and uncoordinated program of excavation. Conversely, rooms facing the 

rectangular court seem to share the geometries of traditional architecture. The ñtraditional 

formò of such environments, however, is only apparent: in fact even the main hall, although to 

a lesser degree than the church, is suffering from a sensitive deformation that significantly 

alters the alleged rectangle of the plant. 

The decorations in the church and the main rooms follow the red monochrome type, quite 

common in this area. This monochrome pictograms show a predominant geometric character 

and are generally used to describe and highlight the rock-cut surfaces according to those 

elements which play the figurative role of ñarchitectural constituents" such as columns, 

pilasters, capitals, architraves and cornices. This kind of depicted decorations have been 

connected to some sort of apotropaic process of sanctification which was imposed by the need 

of using those spaces as soon as possible, delaying later the moment of the realisation of the 

final decorations. But even these pictograms appear the result of a hasty and rough work, their 

symbolic value and meaning should not be overlooked. In fact, the monochrome painting must 

be seen as the last stage of the architectural achievement. While in ñtraditional architectureò the 

elements of the orders play also the role of describing visual hierarchies and structural 

behaviours of the parts as well as decorating the key elements of surfaces, in Cappadocian 
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rock-cut architecture this function is played by red pictograms, with the secondary consequence 

of transforming the architecture itself in a huge representation, a sort of full-scale model to 

design its final configuration with. But most important is that those paintings have being 

studied together with the rock surface supporting them thanks to integrated applications of laser 

scanning and digital photography, as this paper is to describe, in order to contribute to 

archaeological and historical researches on Cappadocian rupestrian architecture. 

 

 

Authors Neil Smit, Matt Howland, Thomas Levy  

Title  
Digital f ield recording in the 4th dimension: ArchField C++ 

Abstract 
With the rapid adoption of laser scanning and photogrammetry among the archaeological 

community the full digital documentation of archaeological sites is now becoming common 

place. In field excavations, however, the continual exposure of archaeological layers requires a 

digital toolset in which to record, categorize and spatially locate artifacts, installations, and loci 

within a siteôs daily 3D or aerial scan. We present ArchField C++, the latest version of our 

digital field recording software that enables real-time digital GIS Top Plan production within a 

rendering engine designed for visualizing massive point cloud datasets. Archfield directly 

connects to Total Stations and our RTK GPS units to record sub-centimeter measurements for 

artifacts, scanning markers, loci boundaries, and camera positions. The processing pipeline 

enables the generation of publishable orthographic and perspective maps from the first day of 

excavation to the last. As a backend it uses a PostGIS database and the ability to export and 

import various vector, raster, dem and 3D datasets. We present its application to our 2014 field 

excavations of the early Iron Age site of Khirbat al-Jariya located in Southern Jordan. 

 

 

Authors Tommaso Empler, Barbara Forte, Emanuele Fortunati  

Title  

Cultural Heritage 3D modeling view in Real t ime: the Forum of Nerva in 

Rome in the time of Imperial Rome and Medieval Ages 

Abstract 
One of the Cultural Heritage application is the possibility to reconstruct past places and 

environments that appears today as archaeological sites. 

3D modeling and the possibility of navigation/view reconstrucions in "real time", allows both 

scholars and to those who do not have an in-depth scientific knowledge, to be able to 

understand what was the real shape of an archaeological site in the past. The opportunity is 

offered by the use of software designed for other areas of interest, such as video games, using 

tools developed specifically for the video game industry. Procedures coming from the world of 

video games are transposed in the field of historical reconstruction and 3D modeling. In order 

to ensure a smooth navigation is necessary to realize 3D models where is good the balance 

between solid modeling and surfaces modeling with the use of specific texture of historical 

reconstruction. It is also important to be able to use appropriate algorithms, which allow the 

simplification of the calculation of the shadows. 

As a case study is proposed the reconstruction and 3D visualization in "real time" of the Forum 

of Nerva (in the imperial archaeological center of Rome), so far subject of little interest and 

study from this point of view, obtained by the game engine of an application open source like 
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Blender. 

Thanks to the assistance of archaeologists and historians from the point of view of content, and 

the ability to govern the modeling tools in 3D, by the representative, it is for the first time 

assumed a reconstruction and exploration of the Forum of Nerva in Imperial Rome and 

Medieval periods. 

The most interesting and innovative goal is the ability to switch from the reconstruction of the 

period of Imperial Rome to the Medieval age, through the use of the "space bar" on the 

computer keyboard, allowing the "navigator" to make a time leap into the past with a 

"subjective" view. The displacements in the 3D model can be carried out both with the mode 

that uses the four letters "W - A - S - D" on the keyboard of the computer, respectively, to go 

forward, left, back and right, both with the use of a joypad or a pad bluetooth. The application 

is complete and running .exe file for both Windows and iOS devices, that does not require a 

previous installation of Blender. 
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From survey data to 3D extensive landscape reconstruction. A taxonomic 

- metadata approach to Montegrotto Terme area. 

Abstract 
The Montegrotto Terme area is characterized from the prehistory to nowadays by thermal and 

extensive agricultural activities. Such a presence of natural elements can supply some 

important guidelines to understand the anthropization process. Starting from the archaeological 

data (field survey, cartography, digs) and the environment record  (botany and geology) we 

reconstructed a part of Montegrotto Terme from prehistoric to modern times.  

The virtual model is a valid cognitive tool and is a fundamental medium through which a user 

(a scholar, a student or simply somebody who shows an interest for the subject) can interact 

with 3D models and agents in a virtual environment. This technology can be applied to the 

world of cultural heritage as a vessel for preservation, reconstruction, documentation, research 

and promotion (Fabio Bruno, Stefano Bruno, Giovanna De Sensi, Maria-Laura Luchi, Stefania 


