
CAA2015
 KEEP THE REVOLUTION GOING >>>

Proceedings of the 43rd Annual Conference 
on Computer Applications and Quantitative 

Methods in Archaeology

Edited by

Stefano Campana, Roberto Scopigno, 
Gabriella Carpentiero and Marianna Cirillo

Volume 1

Archaeopress Archaeology



Archaeopress Publishing Ltd
Gordon House

276 Banbury Road
Oxford OX2 7ED

www.archaeopress.com

CAA2015 Volume 1

ISBN 978 1 78491 337 3
ISBN 978 1 78491 338 0 (e-Pdf)

© Archaeopress and the individual authors 2016

CAA2015 is availabe to download from Archaeopress Open Access site

All rights reserved. No part of this book may be reproduced, 
or transmitted, in any form or by any means, electronic, mechanical, photocopying or otherwise,

without the prior written permission of the copyright owners.

Printed in England by Oxuniprint, Oxford
This book is available direct from Archaeopress or from our website www.archaeopress.com



i

Table of Contents

Volume 1

Introduction................................................................................................................................................................... ix
Stefano Campana, Roberto Scopigno

Introductory Speech........................................................................................................................................................ x
Professor Gabriella Piccinni

Acknowledgements........................................................................................................................................................ xi

CHAPTER 1 
Teaching and Communicating Digital Archaeology .............................................................................. 1

From the Excavation to the Scale Model: a Digital Approach............................................................................................... 3
Hervé Tronchère, Emma Bouvard, Stéphane Mor, Aude Fernagu, Jules Ramona

Teaching Digital Archaeology Digitally............................................................................................................................. 11
Ronald Visser, Wilko van Zijverden, Pim Alders

3D Archaeology Learning at the Paris 1 Pantheon Sorbonne University.............................................................................. 17
François Djindjian

How to Teach GIS to Archaeologists................................................................................................................................ 21
Krzysztof Misiewicz, Wiesław Małkowski, Miron Bogacki, Urszula Zawadzka-Pawlewska, Julia M. Chyla 

Utilisation of a Game Engine for Archaeological Visualisation .......................................................................................... 27
Teija Oikarinen

The Interplay of Digital and Traditional Craft: re-creating an Authentic Pictish Drinking Horn Fitting.................................... 35
Dr Mhairi Maxwell, Jennifer Gray, Dr Martin Goldberg

Computer Applications for Multisensory Communication on Cultural Heritage................................................................... 41
Lucia Sarti, Stefania Poesini, Vincenzo De Troia, Paolo Machetti

Interactive Communication and Cultural Heritage............................................................................................................ 51
Tommaso Empler, Mattia Fabrizi

Palaeontology 2.0 - Public Awareness of Palaeontological Sites Through New Technologies................................................ 59
Tommaso Empler, Fabio Quici, Luca Bellucci

Lucus Feroniae and Tiber Valley Virtual Museum: from Documentation and 3d Reconstruction, Up to a Novel 
Approach in Storytelling, Combining Virtual Reality, Theatrical and Cinematographic Rules, Gesture-based 
Interaction and Augmented Perception of the Archaeological Context......................................................................... 67

Eva Pietroni, Daniele Ferdani, Augusto Palombini,  Massimiliano Forlani,  Claudio Rufa 

CHAPTER 2  
Modelling the Archaeological Process....................................................................................................79

Principal Component Analysis of Archaeological Data...................................................................................................... 81
Juhana Kammonen, Tarja Sundell

IT-assisted Exploration of Excavation Reports. Using Natural Language Processing in the Archaeological Research Process.... 87
Christian Chiarcos, Matthias Lang, Philip Verhagen

A 3d Visual and Geometrical Approach to Epigraphic Studies. The Soli (Cyprus) Inscription as a Case Study......................... 95
Valentina Vassallo, Elena Christophorou, Sorin Hermon, Lola Vico, Giancarlo Iannone

Modelling the Archaeological Record: a Look from the Levant. Past and Future Approaches............................................. 103
Sveta Matskevich, Ilan Sharon

3D Reconstitution of the Loyola Sugar Plantation and Virtual Reality Applications............................................................ 117
Barreau J.B., Petit Q., Bernard Y., Auger R., Le Roux Y., Gaugne R., Gouranton V. 



Integrated Survey Techniques for the Study of an Archaeological Site of Medieval Morocco.............................................. 125
Lorenzo Teppati Losè

CHAPTER 3  
Interdisciplinary Methods of Data Recording............................................................................ 131

3-Dimensional Archaeological Excavation of Burials Utilizing Computed Tomography Imaging.......................................... 133
Tiina Väre,  Sanna Lipkin,  Jaakko Niinimäki,  Sirpa Niinimäki,  Titta Kallio-Seppä,  Juho-Antti Junno,  Milton Núñez,  
Markku Niskanen,  Matti Heino,  Annemari Tranberg,  Saara Tuovinen,  Rosa Vilkama,  Timo Ylimaunu 

Palaeoenvironmental Records and Php Possibilities: Results and Perspectives on an Online Bioarcheological Database...... 143
Enora Maguet, Jean-Baptiste Barreau, Chantal Leroyer

Integrated Methodologies for the Reconstruction of the Ancient City of Lixus (Morocco).................................................. 157
Cynthia Mascione, Rossella Pansini, Luca Passalacqua

A Dig in the Archive. The Mertens Archive of Herdonia Excavations: from Digitisation to Communication.......................... 167
Giuliano De Felice, Andrea Fratta

Archaeological and Physicochemical Approaches to the Territory: On-site Analysis and Multidisciplinary Databases 
for the Reconstruction of Historical Landscapes........................................................................................................ 177
Luisa Dallai,  Alessandro Donati,  Vanessa Volpi,  Andrea Bardi 

Interdisciplinary Methods of Data Recording, Management and Preservation ................................................................. 187
Marta Lorenzon, Cindy Nelson-Viljoen

Driving Engagement in Heritage Sites Using Personal Mobile Technology......................................................................... 191
Thom Corah, Douglas Cawthorne

A Conceptual and Visual Proposal to Decouple Material and Interpretive Information About Stratigraphic Data................ 201
Patricia Martin-Rodilla, Cesar Gonzalez-Perez, Patricia Mañana-Borrazas

Recording, Preserving and Interpreting a Medieval Archaeological Site by Integrating Different 3d Technologies................ 213
Daniele Ferdani, Giovanna Bianchi

A 3D Digital Approach to Study, Analyse and (Re)Interpret Cultural Heritage: the Case Study of Ayia Irini (Cyprus 
and Sweden).......................................................................................................................................................... 227
Valentina Vassallo

CHAPTER 4  
Linking Data................................................................................................................................................. 233

Beyond the Space: The LoCloud Historical Place Names Micro-Service............................................................................. 235
Rimvydas Laužikas, Ingrida Vosyliūtė, Justinas Jaronis

Using CIDOC CRM for Dynamically Querying ArSol, a Relational Database, from the Semantic Web................................... 241
Olivier Marlet, Stéphane Curet, Xavier Rodier, Béatrice Bouchou-Markhoff

Connecting Cultural Heritage Data: The Syrian Heritage Project in the IT Infrastructure of the German 
Archaeological Institute.......................................................................................................................................... 251
Sebastian Cuy, Philipp Gerth, Reinhard Förtsch

The Labelling System: A Bottom-up Approach for Enriched Vocabularies in the Humanities.............................................. 259
Florian Thiery, Thomas Engel

Providing 3D Content to Europeana.............................................................................................................................. 269
Andrea D’Andrea

How To Move from Relational to 5 Star Linked Open Data – A Numismatic Example......................................................... 275
Karsten Tolle, David Wigg-Wolf

Homogenization of the Archaeological Cartographic Data on a National Scale in Italy....................................................... 283
Giovanni Azzena, Roberto Busonera, Federico Nurra, Enrico Petruzzi

The GIS for the ‘Forma Italiae’ Project. From the GIS of the Ager Venusinus Project to the GIS of the Ager Lucerinus 
Project: Evolution of the System ............................................................................................................................. 293
Maria Luisa Marchi, Giovanni Forte



iii

GIS, An Answer to the Challenge of Preventive Archaeology? The Attempts of the French National Institute for 
Preventive Archaeology (Inrap)............................................................................................................................... 303
Anne Moreau

Dynamic Distributions in Macro and Micro Perspective ................................................................................................. 309
Espen Uleberg, Mieko Matsumoto

CHAPTER 5  
New Trends in 3D Archaeology.......................................................................................................... 319

Hand-free Interaction in the Virtual Simulation of the Agora of Segesta........................................................................... 321
Riccardo Olivito, Emanuele Taccola, Niccolò Albertini

Master-Hand Attributions of Classical Greek Sculptors by 3D-Analysis at Olympia - Some Preliminary Remarks.................. 329
A. Patay-Horváth

Using 3D Models to Analyse Stratigraphic and Sedimentological Contexts in Archaeo-Palaeo-Anthropological 
Pleistocene Sites (Gran Dolina Site, Sierra De Atapuerca).......................................................................................... 337
I. Campaña,  A. Benito-Calvo,  A. Pérez-González,  A. I. Ortega,  J.M. Bermúdez de Castro,  E. Carbonell 

Establishing Parameter Values for the Stone Erosion Process.......................................................................................... 347
Igor Barros Barbosa,  Kidane Fanta Gebremariam,  Panagiotis Perakis,  Christian Schellewald, Theoharis Theoharis 

The New Trend of 3D Archaeology is … Going 2D!.......................................................................................................... 363
Giuliano De Felice

Documentation and Analysis Workflow for the On-going Archaeological Excavation with Image-Based 3d 
Modelling Technique: the Case-study of the Medieval Site of Monteleo, Italy ............................................................ 369
Giulio Poggi 

3D Technology Applied to Quantification Studies of Pottery: Eve 2.0............................................................................... 377
Miguel Busto-Zapico, Miguel Carrero-Pazos

3D Recording of Archaeological Excavation: the Case of Study of Santa Marta, Tuscany, Italy............................................ 383
Matteo Sordini, Francesco Brogi, Stefano Campana

Visual Space, Defence, Control and Communication: Towers and Fortresses System of the Tuscan Coastal Belt and Islands.393
Michele De Silva

CHAPTER 6  
Integrating 3D Data................................................................................................................................. 397

Photomodelling And Point Cloud Processing. Application in the Survey of the Roman Theatre of Uthina (Tunisia) 
Architectural Elements........................................................................................................................................... 399
Meriem Zammel

Deconstructing Archaeological Palimpsests: Applicability of GIS Algorithms for the Automated Generation of Cross 
Sections................................................................................................................................................................. 407
Miquel Roy Sunyer

Pompeii, the Domus of Stallius Eros: a Comparison Between Terrestrial and Aerial Low-cost Surveys................................ 415
Angela Bosco, Marco Barbarino, Rosario Valentini, Andrea D’Andrea

Pottery Goes Digital. 3D Laser Scanning Technology and the Study of Archaeological Ceramics......................................... 421
Martina Revello Lami, Loes Opgenhaffen, Ivan Kisjes

ARIADNE Visual Media Service: Easy Web Publishing of Advanced Visual Media ............................................................. 433
Federico Ponchio, Marco Potenziani, Matteo Dellepiane, Marco Callieri, Roberto Scopigno

Mapping Archaeological Databases to CIDOC CRM......................................................................................................... 443
Martin Doerr,  Maria Theodoridou,  Edeltraud Aspöck,  Anja Masur 

Scientific Datasets in Archaeological Research............................................................................................................... 453
Nikolaos A. Kazakis, Nestor C. Tsirliganis



iv

CHAPTER 7  
Spatial Analysis: Theories, Questions and Methods.................................................................. 461

Fuzzy Classification of Gallinazo and Mochica Ceramics in the North Coast, Peru Using the Jaccard Coefficient................... 463
Kayeleigh Sharp

Dynamics of the Settlement Pattern in the Aksum Area (800-400 Bc). an ABM Preliminary Approach................................ 473
Martina Graniglia, Gilda Ferrandino, Antonella Palomba, Luisa Sernicola, Giuseppe Zollo, Andrea D’Andrea, Rodolfo Fatto-
vich, Andrea Manzo 

An Application of Agent-Based Modelling and GIS in Minoan Crete................................................................................. 479
Angelos Chliaoutakis, Georgios Chalkiadakis,  Apostolos Sarris 

Evaluating the Crisis: Population and Land Productivity in Late Medieval Salento, Italy..................................................... 489
Giuseppe Muci

When GIS Goes to the Countryside: Detecting and Interpreting Roman Orchards from the ‘Grand Palais’ (Drôme, France).. 499
Christophe Landry, Bertrand Moulin

GIS Applications and Spatial Analysis for the Survey of the Prehistoric Northern Apennine Context: the Case Study 
of the Mugello in Tuscany ...................................................................................................................................... 517
Andrea Capecchi,  Michele De Silva,  Fabio Martini,  Lucia Sarti 

The Statistics of Time-to-Event. Integrating the Bayesian Analysis of Radiocarbon Data and Event History Analysis 
Methods................................................................................................................................................................ 533
Juan Antonio Barceló, Giacomo Capuzzo, Berta Morell, Katia Francesca Achino, Agueda Lozano

Hypothesis Testing and Validation in Archaeological Networks ....................................................................................... 543
Peter Bikoulis

Traveling Across Archaeological Landscapes: the Contribution of Hierarchical Communication Networks........................... 555
Sylviane Déderix

Dispersal Versus Optimal Path Calculation..................................................................................................................... 567
Irmela Herzog

Visibility Analysis and the Definition of the Ilergetian Territory: the Case of Montderes.................................................... 579
Núria Otero Herraiz

Volume 2

CHAPTER 8  
Spatial Analysis: Predictivity and Postdictivity in Archaeology......................................... 591

Predictivity – Postdictivity: a Theoretical Framework...................................................................................................... 593
Antonia Arnoldus-Huyzendveld, Carlo Citter, Giovanna Pizziolo 

Predicting and Postdicting a Roman Road in the Pre-pyrenees Area of Lleida (Spain)........................................................ 599
Antonio Porcheddu

Predict and Confirm: Bayesian Survey and Excavation at Three Candidate Sites for Late Neolithic Occupation in 
Wadi Quseiba, Jordan............................................................................................................................................. 605
Philip M.N. Hitchings, Peter Bikoulis,  Steven Edwards,  Edward B. Banning

Predicting Survey Coverage through Calibration: Sweep Widths and Survey in Cyprus and Jordan .................................... 613
Sarah T. Stewart, Edward B. Banning,  Steven Edwards,  Philip M.N. Hitchings,  Peter Bikoulis 

Estimating The ‘Memory of Landscape’ to Predict Changes in Archaeological Settlement Patterns.................................... 623
Philip Verhagen, Laure Nuninger, Frédérique Bertoncello, Angelo Castrorao Barba 

On Their Way Home ... A Network Analysis of Medieval Caravanserai Distribution in the Syrian Region, According 
to an 1D Approach................................................................................................................................................. 637
Augusto Palombini,  Cinzia Tavernari 



v

Modelling Regional Landscape Through the Predictive and Postdictive Exploration of Settlement Choices: a 
Theoretical Framework .......................................................................................................................................... 647
Emeri Farinetti

Site Location Modelling and Prediction on Early Byzantine Crete: Methods Employed, Challenges Encountered ................ 659
Kayt Armstrong, Christina Tsigonaki, Apostolos Sarris, Nadia Coutsinas

Potential Paths and the Historical Road Network between Italy and Egypt: from the Predictive to the Postdictive 
Approach............................................................................................................................................................... 669
Andrea Patacchini, Giulia Nicatore

CHAPTER 9  
Spatial Analysis: Occupation Floors and Palaeosurfaces in the Digital Era.................. 683

Ritual use of Romito Cave During the Late Upper Palaeolithic: an Integrated Approach for Spatial Reconstruction............. 685
Michele De Silva,  Giovanna Pizziolo,  Domenico Lo Vetro,  Vincenzo De Troia,  Paolo Machetti,  Enrico F. Ortisi,  Fabio 
Martini

Visualizing Occupation Features in Homogenous Sediments. Examples from the Late Middle Palaeolithic of Grotte 
De La Verpillière II, Burgundy, France....................................................................................................................... 699
Jens Axel Frick

A New Palaeolithic Burial From Grotta Del Romito (Calabria, Italy). A Digital Restitution.................................................. 715
Francesco Enrico Ortisi,  Domenico Lo Vetro,  Giovanna Pizziolo,  Michele De Silva,  Claudia Striuli,   
Pier Francesco Fabbri,  Fabio Martini 

Predicting the Accumulative Consequences of Abandonment Processes. Intra-site Analysis of Lakeside Settlements.......... 723
Katia Francesca Achino,  Juan Antonio Barceló,  Micaela Angle 

Reconstructing the Boom of Prehistoric Hunter-Gatherer Population Size in Finland by Agent and Equation-Based 
Modelling.............................................................................................................................................................. 733
Tarja Sundell, Martin Heger,  Juhana Kammonen 

Archaeology, Geomorphology and Palaeosurfaces Studies: a Multidisciplinary Approach for Understanding the 
Ancient Laos Territory............................................................................................................................................. 739
Vincenzo Amato,  Cristiano Benedetto De Vita,  Francesca Filocamo,  Alfonso Santoriello,  Francesco Uliano Scelza 

Intrasite Analysis in the Florentine Plain: from Data Integration to Palaeosurfaces Interpretation ..................................... 749
Giovanna Pizziolo, Nicoletta Volante, Lucia Sarti

Living in a Palaeoriverbed: Intra-site Analysis of Two Prehistoric Sites in the Florentine Alluvial Plain................................ 761
Rosalba Aquino, Matteo Faraoni, Laura Morabito, Giovanna Pizziolo, Lucia Sarti

Exploring Scenarios for the First Farming Expansion in the Balkans Via an Agent-based Model.......................................... 773
Andrea Zanotti,  Richard Moussa,  Jérôme Dubouloz,  Jean-Pierre Bocquet-Appel 

CHAPTER 10  
Spatial Analysis: Data, Patterns and Process Interpretation................................................ 781

Strontium Isotope Analysis and Human Mobility from Late Neolithic to Early Bronze Age in the Central Plain of China....... 783
Chunyan Zhao

The Iron Age in Serakhs Oasis (Turkmenistan). The Preliminary Results of the Application of Geographic 
Information System in the Study of the Settlement Pattern of the Earliest Confirmed Occupation of the Oasis............. 791
Nazarij Buławka, Barbara Kaim

Multi-Scale Approach for the Reconstruction of a Past Urban Environment. From Remote Sensing to Space Syntax: 
the Case of Dionysias (Fayum, Egypt)....................................................................................................................... 803
Gabriella Carpentiero, Carlo Tessaro

Enhancing GIS Urban Data with the 3rd Dimension: A Procedural Modelling Approach..................................................... 815
Chiara Piccoli

Structural Integrity Modelling of an Early Bronze Age Corridor House in Helike of Achaea, NW Peloponnese, Greece......... 825
Mariza Kormann, Stella Katsarou, Dora Katsonopoulou, Gary Lock



vi

Discovering Prehistoric Ritual Norms. A Machine Learning Approach.............................................................................. 837
Stéphanie Duboscq,  Joan Anton Barceló Álvarez,  Katia Francesca Achino,  Berta Morell Rovira,  Florence Allièse,  Juan 
Francisco Gibaja Bao 

Application of the ‘Bag of Words’ Model (bow) for Analysing Archaeological Potsherds.................................................... 847
Diego Jiménez-Badillo, Edgar Roman-Rangel

Autonomy in Marine Archaeology................................................................................................................................. 857
Øyvind Ødegård,  Stein M. Nornes,  Martin Ludvigsen, Thijs J. Maarleveld, Asgeir J. Sørensen

Identifying Patterns on Prehistoric Wall Paintings: a New Curve Fitting Approach............................................................. 867
Michail Panagopoulos,  Dimitris Arabadjis,  Panayiotis Rousopoulos,  Michalis Exarhos,  Constantin Papaodysseus 

Pottery Studies of the 4th-Century Necropolis at Bârlad-Valea Seacă, Romania................................................................ 875
Vlad-Andrei Lăzărescu, Vincent Mom

A Bridge to Digital Humanities: Geometric Methods and Machine Learning for Analysing Ancient Script in 3D................... 889
Hubert Mara, Bartosz Bogacz

CHAPTER 11  
Remote Sensing: Computational Imaging Advances and Sensor Data Integration.... 899

The Possibilities of the Aerial Lidar for the Detection of Galician Megalithic Mounds (NW of the Iberian 
Peninsula). The Case of Monte De Santa Mariña, Lugo.............................................................................................. 901
Miguel Carrero-Pazos, Benito Vilas-Estévez

Reflectance Transformation Imaging Beyond the Visible: Ultraviolet Reflected and Ultraviolet Induced Visible 
Fluorescence.......................................................................................................................................................... 909
E. Kotoula

Endangered Archaeology in the Middle East and North Africa: Introducing the EAMENA Project....................................... 919
Robert Bewley, Andrew Wilson, David Kennedy, David Mattingly, Rebecca Banks, Michael Bishop, Jennie Bradbury, Emma 
Cunliffe, Michael Fradley, Richard Jennings, Robyn Mason, Louise Rayne, Martin Sterry, Nichole Sheldrick, Andrea Zerbini

Enhancing Multi-Image Photogrammetric 3d Reconstruction Performance on Low-Feature Surfaces................................. 933
George Ioannakis,  Anestis Koutsoudis,  Blaž Vidmar,  Fotis Arnaoutoglou,  Christodoulos Chamzas 

Combination of RTI and Decorrelation — an Approach to the Examination of Badly Preserved Rock Inscriptions 
and Rock Art at Gebelein (Egypt)............................................................................................................................. 939
Piotr Witkowski, Julia M. Chyla, Wojciech Ejsmond

Geophysical-Archaeological Experiments in Controlled Conditions at the Hydrogeosite Laboratory (CNR-IMAA)................ 945
Felice Perciante, Luigi Capozzoli L., Antonella Caputi, Gregory De Martino, Valeria Giampaolo, Raffaele Luongo, Enzo 
Rizzo

Colour and Space in Cultural Heritage in 6Ds: the Interdisciplinary Connections............................................................... 953
Anna Bentkowska-Kafel, Julio M. del Hoyo Melendez, Lindsay W. MacDonald, Aurore Mathys, Vera Moitinho de Almeida

Integrating Low Altitude with Satellite and Airborne Aerial Images: Photogrammetric Documentation of Early 
Byzantine Settlements in Crete................................................................................................................................ 963
Gianluca Cantoro, Christina Tsigonaki, Kayt Armstrong,  Apostolos Sarris

Creating 3D Replicas of Medium- to Large-Scale Monuments for Web-Based Dissemination Within the Framework 
of the 3D-Icons Project........................................................................................................................................... 971
Anestis Koutsoudis,  Fotios Arnaoutoglou,  Vasilios Liakopoulos,  Athanasios Tsaouselis,  George Ioannakis,  Christodoulos 
Chamzas 

The Lidoriki Project: Low Altitude, Aerial Photography, GIS, and Traditional Survey in Rural Greece................................... 979
Todd Brenningmeyer, Kostis Kourelis, Miltiadis Katsaros

A Fully Integrated UAV System for Semi-automated Archaeological Prospection .............................................................. 989
Matthias Lang,  Thorsten Behrens,  Karsten Schmidt,  Dieta Svoboda,  Conrad Schmidt 

Stereo Visualization of Historical Aerial Photos as a Valuable Tool for Archaeological Research......................................... 997
Anders Hast, Andrea Marchetti



vii

CHAPTER 12  
Open Source and Open Data............................................................................................................... 1003

Strati5 - Open Mobile Software for Harris Matrix......................................................................................................... 1005
Jerzy Sikora, Jacek Sroka, Jerzy Tyszkiewicz

Archaeology as Community Enterprise........................................................................................................................ 1015
Néhémie Strupler

Digital Resources for Archaeology. The Contribution of the On-Line Projects by Isma-Cnr............................................... 1019
Alessandra Caravale, Alessandra Piergrossi

A Swabian in the Orient. In the Footsteps of Julius Euting............................................................................................. 1027
Matthias Lang,  Manuel Abbt,  Gerlinde Bigga,  Jason T. Herrmann,  Virginia Hermann,  Kevin Körner,  Fabian Schwabe,  
Dieta Svoboda 

GQBWiki Goes Open.................................................................................................................................................. 1033
Stefano Costa, Alessandro Carabia

Archaeological Contents: from Open Access to Open Data............................................................................................ 1037
Aurélie Monteil, Viviane Boulétreau

CHAPTER 13  
Computers and Rock Art Studies..................................................................................................... 1047

Archaeoacoustics of Rock Art: Quantitative Approaches to the Acoustics and Soundscape of Rock Art............................ 1049
Margarita Díaz-Andreu, Tommaso Mattioli

Photometric Stereo 3D Visualizations of Rock-Art Panels, Bas-Reliefs, and Graffiti.......................................................... 1059
Massimo Vanzi,  Paolo Emilio Bagnoli,  Carla Mannu,  Giuseppe Rodriguez 

SIVT – Processing, Viewing, and Analysis of 3D Scans of the Porthole Slab and Slab B2 of Züschen I ................................ 1067
Stefanie Wefers, Tobias Reich, Burkhard Tietz, Frank Boochs

Digital Practices for the Study of the Great Rock in the Naquane National Park, Valcamonica, Italy: from Graphic 
Rendering to Figure Cataloguing............................................................................................................................ 1081
Andrea Arcà
Real-time 3D Modelling of the Cultural Heritage: the Forum of Nerva in Rome	 1093
Tommaso Empler, Barbara Forte, Emanuele Fortunati

Mediated Representations After Laser Scanning. The Monastery of Aynalı and the Architectural Role of Red Pictograms.. 1105
Carlo Inglese, Marco Carpiceci, Fabio Colonnese



viii



ix

This volume brings together all the successful peer-reviewed 
papers that have been submitted for the proceedings of the 
43rd conference on Computer Applications and Quantitative 
Methods in Archaeology that took place in Siena (Italy) from 
March 31st to April 2nd 2015.

The number of people who signed on for CAA 2015 really took 
us by surprise: 550 delegates registered for the conference, 
from many more places than we would ever have anticipated. 
Altogether, within the four days of the conference 280 papers 
were presented in 48 sections divided into ten macro topics, 
113 posters, 7 roundtables and 12 workshops.

That number, in itself, has prompted a thought or two. Above 
all it says to us that CAA is very much alive and kicking, 
that it is in robust good health, and that it remains a wholly 
relevant force in the scientific community, fully engaged with 
the questions of the day, and a continuing focal point for the 
profession. All of that speaks well for the motto of CAA 2015: 
KEEP THE REVOLUTION GOING

Although the significance of our motto is obvious, we think 
it is worth some thoughts. Few would deny that in the past 30 
years or so, digital technologies have profoundly revolutionised 
archaeology – in the office and laboratory, in the field and 
in the classroom. The progressive introduction of digital 
techniques in the archaeological process has of course led to 
a general increase in efficiency. But perhaps more importantly 
it has provided a spur to the discussion of methodology and 
through that has strongly influenced not only the way we go 
about things but also the outcomes that we have been able to 
achieve.

The pioneering phase in the application of digital techniques 
in archaeological research has clearly been fruitful and 
today computer applications such as GIS, databases, remote 
sensing and spatial analysis as well as virtual and cyber 

archaeology are deeply embedded within our universities. 
This is all good, of course, but we must not assume that the 
task has been completed. An intrinsic revolutionary instinct 
towards technological development has been awakened. 
But it will only survive by virtue of the results that it brings 
about. Or using the words of our Chairman Prof Gary Lock: 
‘Computers not only change the way we do things, but more 
importantly they change the way we think about what we 
do and why we do it’. The general thrust of this statement 
can be summed up and reinforced by recalling a quote from 
the philosopher Don Ihde, who has argued we should never 
forget that all technologies should be regarded as ‘cultural 
instruments’, which as well as strategies and methodologies 
implemented in our researches are also ‘non-neutral’.

So KEEP THE REVOLUTION GOING is a motto that lays 
stress on the need to maintain innovation in archaeology 
through technological advances. But innovation must have 
at its root the fostering of critical thought and the framing of 
new archaeological questions. So there is much work still to be 
done, and fresh challenges to be faced in the months, years and 
decades ahead.

One final thought. The date of this conference, and most of all 
the opening ceremony, has not come about by chance. The 30th 
of March, for the University of Siena and in particular for the 
human sciences and archaeology, represents a sad but enduring 
anniversary. Eight years ago on this day we lost a key figure 
in the Italian archaeological community of the last 50 years; 
a man who had an extraordinary influence on many aspects 
of medieval and archaeological studies. Not least we call to 
mind his role in the promotion and development of digital 
archaeology. Our thoughts and memories go therefore to our 
friend and mentor Professor Riccardo Francovich. He always 
inspired us to seek new horizons and without him we doubt that 
this conference would have found its way to Siena.

Introduction

Stefano Campana
Roberto Scopigno
Chairmen of the 43rd CAA

KEEP THE REVOLUTION GOING
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First of all, on behalf of the Rector of the University, and as 
Dean of the Department of History and Cultural Heritage, I 
wish you all a very warm welcome to the University of Siena.

This greeting goes in the first instance to all of the distinguished 
speakers at this meeting but also to all who are here in our 
company to listen and to take part in scientific debate. A warm 
welcome, naturally, goes to all of the institutions represented 
at this table, to the Chairman of CAA International, Professor 
Gary Lock, to the National Research Council, our partner in the 
organization of this congress, and to the Ministry of Heritage, 
Culture and Tourism. Last but not least I extend my thanks to all 
who have committed their time and energy to the organisation 
of this meeting: the scientific secretariat, the conference office, 
our student volunteers, the institutions that have kindly agreed 
to act as patrons, and the sponsors who have so generously 
supported this initiative.

I confess that when Stefano Campana first told me about the 
opportunity for our university here in Siena to organise such a 
prestigious event as the international meeting of the CAA, now 
in its forty-third year, I was immediately excited and engaged 
because I strongly believe that events like this represent one 
of the most tangible and concrete demonstrations of how a 
University works, how it forms and reinforces knowledge; 
these kinds of events delight me as a scholar and as a teacher, 
as well as the director of a university department.

It is a great honour for us to host CAA International, bearing 
in mind the history of our university, and in particular its 
tradition of archaeological studies, within which it has played a 
pioneering and leading role in the field of Digital Archaeology. 
I cannot but recall how the University of Siena has, since 
the early nineties, played a central role both nationally and 
internationally in the development of computer applications in 
archaeology. My thoughts and deep gratitude go inevitably to 
our late colleague and friend, Professor Riccardo Francovich, 

who remains always in our work and in our hearts. His 
exceptional energy and his qualities as an innovator provided 
an extraordinary impetus in this area of studies; an impetus that 
lives on through the work of his students and through the many 
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universities and institutions in Europe and beyond. In the short 
space of the next four days the work programme will be intense, 
with 46 thematic sessions, 12 workshops, 7 panel discussions, 
4 key-note speeches and all sorts of informal discussions and 
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ideas.

Let me end with a simple thought. Without entering into 
discussions and analyses that lie outside my role (or even 
competence) here today, I feel that seeing so much dynamism 
and so many young scholars, teachers and researchers coming 
together here in Siena from all around the world to talk about 
the new opportunities offered by the application of technology 
within archaeological studies should prompt a few moments 
of reflection about the ways and means through which we 
deliver our higher education and training. Today more than 
ever, in front of this audience, we see how vibrant and strong 
is the demand for discussion and training in these topics. In 
keeping with the motto of the conference, the future is still to 
be built, let us show the same commitment that enabled our 
predecessors to overcome the first heroic phase of the 1990s 
and the early years of the new millennium. Always, of course, 
keeping alive the flame of innovation that has from the outset 
been the guiding light of this of CAA International initiative.
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Introduction

Our project started with the will to collaborate with the FabLab 
of Lyon in order to experiment with 3D printing (Wohlers 
2013) applied to archaeology. Such techniques are already used 
for artefacts (Fantini et al. 2008), but we aimed at applying 
them to stratigraphy. We widened this initial goal to encompass 
other 3D methods and tools and developed an uninterrupted 
digital process that finally allowed us to produce several virtual 
and physical restitutions of an archaeological site.

Our questions were 1/ how could we, as archaeologists, adopt 
these innovative techniques 2/ how could they enhance our 
scientific practices 3/ how could they improve our educational 
practices 4/ could we obtain valid results with limited resources?

An emergency excavation that started at the beginning of 2014 
in Lyon (France) proved to be the ideal testing ground for this 
experiment (Bouvard et al. 2015). 

Salvage archaeology must adapt to several constraints that we 
have to overcome if we want to understand the evolution of 
a territory wider than the plot we dig. Time remains the first 
constraint, but is not the only one: urban sites for example are 
characterized by their confinement, fragmented nature, and 

stratigraphic unevenness. Therefore we need a tool that can 
offer the opportunity to, first fill the stratigraphic unknowns, 
and then help us to understand human and landscape evolution 
in terms of topography and sedimentology. 

Moreover, sharing the cultural heritage and transmitting 
the knowledge to a large audience is an important part 
of our mission as a public institution. This is why Lyon’s 
archaeological department involves the local community in 
the care of the anthropic and landscape relics that are parts 
of their history. For this reason, we decided to participate in 
a science festival (‘Fête de la Science’) lasting more than a 
week, whereby universities, museums, and other research 
centres offer workshops to pupils from schools and colleges, 
and to anyone interested in meeting scientists and learning 
about various scientific topics. For this event we wanted to 
innovate with a new and interactive education tool, associating 
makers and archaeologists. The goal was to create a 3D 
scale model of the site we excavated. We had to be able to 
assemble and disassemble the main stratigraphic layers and 
buildings, in order to explain to the general audience both 
the evolution of the site and the archaeological process itself. 
We also wanted to explore the potential of innovative human/
computer interaction for archaeology and scientific mediation 
with various tools: contactless interaction with 3D restitutions 
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of archaeological objects (using a Leap Motion controller; 
Spiegelmock 2013) and visit to an ancient site in virtual reality 
(with Oculus Rift virtual reality goggles; Knabb et al. 2014). 
These products would support a dialogue on the association 
between humanities and digital technologies.

One challenge of the project was the transfer of objective data 
from the field to a final product dedicated to education, without 
generating bias errors during the process. We will first present 
the excavation that provided the initial data. The second part 
of our paper will cover the end-to-end digital workflow we 
created to reach our objective. We will then explain the benefits 
we gained from the 3D restitution, from a scientific and 
educational point of view, and we will finally the perspectives 
of such an approach.

1 Archaeological context

The salvage excavation in a small plot (900m2) took place on 
an extra-muros area around the city of Lugdunum (Fig. 1). We 
expected to find a Roman necropolis because some graves and 
a section of an antique road were found in the neighbourhood 
by archaeologists over the past twelve years (Blaizot 2010). 
Unfortunately this was not the case, but we did find two small 
settlements, one Roman and the other medieval. The site is 
located on the bank of the Rhône River in a district outside 
the Roman and the medieval town. It was a rural area in the 
past, but it is now an urban space. The specific topography (a 
moderately high terrace, a slope on the opposite side, and two 
large, hollow structures) allowed us to work on a stratigraphic 
relevant case, which seemed to be, at first, a challenge to show 
and to explain to non-archaeologists.

The site where the humans settled was a Würmian terrace built 
with fluvio-glacial deposits from the Alps, made of sands, 
pebbles and few silts (fig. 2a). An OSL dating, a method that 
proved effective in glacial contexts (Lewis et al. 2009) gave an 
age of 40,000 BP for this formation (Bouvard et al. 2015). It is 
just at the limit of the Rhône alluvial plain (Macé et al. 1993; 
Bravard et al. 1997), and was preserved from the floods. Indeed, 
one of the last big inundations in Lyon, in 1856, extended up 

Fig. 1. Location of the archaeological site and geographical context.

Fig. 2. Excavation: a) stratigraphic section, showing the 
Würmian fluvio-glacial deposits; b) gravel and pebble 

quarry, dug between the 1st and 3rd century AD; c) 8th-
century building remains; d) late-medieval agricultural 

ground.
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to the western limit of the plot but did not flood it (Combe 
2007). The terrace was dug by human hand in two sectors of 
the plot (Fig. 2b). We interpreted them as two possible quarry 
faces made to extract building material (to make mortar, or 
create a road, for instance). It took place between the 1st and 
the 3rd century AD. Then, during the beginning of the Middle 
Ages, a posthole dwelling was built, quite small in scale, within 
the indentation made by the largest Roman quarry face (6th-
7th c. AD); during the 7th or 8th century, a backfill made of 
funerary antique remains filled the hemispherical digging 
work; at the same time a second dwelling stronger than the first 
was built with a postament made of stones, Roman bricks and 
clay (fig.2c). Nothing remains from the recent periods except a 
thick (up to 2 m) agricultural soil made of organic earth which 
covers all the plot up to the 20th  century ground (Fig. 2d). 

2 Methods

Our initial goal was the 3D printing of each important individual 
stratigraphic layer and structure at one of the local FabLabs of 
Lyon (La Fabrique d’Objets Libres), in order to create a model 
that could be taken into pieces. Manipulating virtual objects 
and exploring the site in virtual reality were extensions of this 
first purpose. Unfortunately, the virtual reality application 
could not be ready in time for the 2014 science festival, but has 
been achieved since.

A complete 3D restitution of the site was needed for both 
purposes. This encompassed both the stratigraphic/topographic 
and architectural aspects, for which we used a multi-step 
process that we summarised in Fig. 3.

[Insert Fig. 3]

2.1 Stratigraphic reconstruction

The stratigraphic reconstruction was a complex process that 
could only be achieved with a combination of various pieces 
software and tools. Three steps can be individualized.

2.1.1 Terrain data acquisition

The first step was the acquisition of terrain data. An extensive 
set of control points was needed in order to create altitude 
isosurfaces (digital elevation models, DEM) for each 
stratigraphic layer. We chose not to represent each individual 
layer, but instead to focus on the most significant ones according 
to the following criteria: on the one side the periods with the 
greatest layers (the ancient topography and its gravel quarry, 
and the topography at the beginning of the modern period, 
which is characterized by a very thick layer of agricultural 
soil), and on the other side the less obvious features that had, 
however, significant meaning in this precise excavation (the 
natural landscape before the anthropic impacts, which is a state 
that could not be observed directly, and the medieval infill of 
the 8th century AD that contained ancient cremation remains).

A microtopography survey was conducted during the 
excavation. At every noticeable stripping phase, numerous 
control points were acquired, using a total station. Each point 
was defined both by its xyz position and by its corresponding 
stratigraphic layer. Since a stratigraphy is also in a way 
chronological information after it has been interpreted, control 
point attributes in fact contained 4D data (localisation + 
deposition period). This set of microtopography points was 
completed afterwards with additional control points extracted 
from the stratigraphic section drawings that were georeferenced 
in ArcGIS. Our final dataset contained about 300 control 
points, with a varying density according to the complexity of 
the terrain (the more complex the stratigraphy in an area, the 
more points were acquired and processed for this area).

2.1.2 Topographic restitution

The restitution of each period’s topography was made with the 
3D analysis module of the GIS software ArcGIS. At this step 
corrections had to be made several times. We had to add further 
control points to refine the digital elevation models. This 
additional data was obtained from the stratigraphic sections. We 
were particularly careful about the areas where the stratigraphy 
had not changed between two periods. For instance, the 8th 
century topography only differs from the ancient topography 
in the quarry area, whereas the remainder of the topography 
had to be identical. The parameters we provided to the kriging 
engine were thus critical in obtaining correct interpolations. 
The three elevation models (ancient, 8th century and late 
medieval/modern) that we obtained were extremely close to 
what we observed in the field and in the stratigraphic sections 
drawings.

The pre-anthropic landscape was the most difficult part of the 
restitution. Since it had been deeply incised by the quarry, its 
original shape could not be observed and measured directly. 
We thus had to reimagine its potential configuration. For this, 
we used the ancient topography dataset and removed from the 
interpolation all the control points that could only have been 
the result of direct human impact. The geomorphological 
expertise allowed us to discriminate features that could have 
been the result of natural processes (streams, erosion) from the 
anthropic-exclusive processes (i.e. quarry diggings). The result 
was an altitude surface that was the likely topography before 
human occupation, which was the last elevation model needed 
for our work (Fig. 4). Obviously this remains a hypothesis that 
cannot be proven with absolute certainty, but the resulting DEM 

Fig. 3. Full workflow, from the field data acquisition to 
the multiple physical or digital outputs.
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is highly plausible. From a methodological standpoint, this 
process is also a shift from the restitution to the reconstruction.

2.1.3 Volumetric modelling

However, the 2.5D digital elevation models we obtained were 
insufficient for our purposes, which included computing the 
volume of gravel that had been extracted from the reconstructed 
natural landscape by the quarriers, as well as producing 3D 
prints of the stratigraphy.

The elevation models were thus imported in 3D modelling 
software (E-on Vue Studio), where they were used as 
displacement maps on special 2.5D planes (‘terrains’). These 
terrains were converted into 3D polygonal meshes in order to 
create actual three-dimensional bodies (Fig. 5). The 3D software 
we used did not manage georeferenced data, and we therefore 
had to drop this spatial information. However, we preserved 
the size and relative positioning of objects (stratigraphical 
layers in our case), allowing us to keep working in a 1:1 scale 
environment.

Boolean operations were then conducted on the meshes 
to obtain a series of 3D volumes, each representing one 
stratigraphic unit. E-on Vue proved to be the most efficient 
software at our disposal to manage these computations on 
complex meshes. Another advantage of Vue was its ‘ecopainter’ 

and vegetation engines. This module allows the constitution of 
realistic ecosystems in a minimal time, an aspect we needed 
in order to produce a few realistic still images for the posters 
that would accompany the workshops. The manifoldness and 
‘normals’ alignment of our meshes were checked and adjusted 
in Meshlab and Rhinoceros 3D to ensure their proper export to 
3D printers.

2.2 Architectural reconstruction

The reconstruction of the two houses was closer to a regular 
3D modelling process. Since several kinds of products were 
envisioned with different requirements in terms of resolution, 
file size, etc., we had to produce different models with varying 
degrees of details. We chose to first create high-resolution 
buildings, aimed at being textured in E-on Vue for photorealistic 
rendering. These models would then be degraded for the other 
applications (3D printing and real-time rendering).

2.2.1 High-resolution reconstructions

The few archaeological insights we had (some postholes for 
the 7th-century building, and remains of the stone base for the 
8th century one) were imported as a 1:1 floor plan in Sketchup. 
We then built the elevations from this plan. We referred to 
existing literature about constructions of the early Middle Ages 
(Faure-Boucharlat 2001; Gentilli and Lefevre 2009), as well 
as remaining wood and mud traditional housing to build our 
houses. Several hypotheses were tested for the 7th-century 
building, as we were trying for the most realistic configuration: 
on one hand we were not certain if some postholes belonged to 
the house, and on the other it was clear that some other postholes 
had obviously not been discovered during the excavation. 

Since both dwellings were extremely simple structures, 
advanced architectural techniques such as architectonics 
or material resistance were deemed not necessary. The 

Fig. 4. GIS palaeotopographic modelling: a) topography 
at the beginning of the modern period; b) ancient 

topography; c) reconstruction of the pre-anthropic 
topography.

Fig. 5. Period by period volumetric restitution, 
incorporating the buildings: a) pre-anthropic topography; 

b) alteration of the landscape during the ancient period 
caused by quarrying (underlined in red); c) first medieval 

settlement (7th century); d) filling of the quarries 
by ancient cremation remains; e) second Middle Age 

settlement (8th century); f) end of Middle Age/beginning 
of the modern period: formation of agricultural soils.
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simple Sketchup models were imported in Blender for some 
enhancements (for example the thatched roofs could not be 
modelled properly in Sketchup).

2.2.2 Low-resolution reconstructions

The file size of the high definition buildings, as well as its many 
small elements and complex shapes, made it difficult to render 
in real-time on low-to-middle end hardware. We decimated this 
model in Blender in order to obtain a more manageable file that 
could be used in WebGL applications or in game engines.

2.2.3 Creating a ‘printable’ file

Creating a printable file proved to be another challenge. Since 
we wished to print our houses at a 1:100 scale, many elements 
would prove too small for the printer’s resolution. The walls 
themselves would have been only 2mm thick, resulting in a 
very flimsy model, a problem considering that it was supposed 
to be handled by the public. We had to increase slightly the 
thickness of the walls and roofs to get clean and sturdy prints. 
Also, because we could not rely on displacement or bump maps 
to simulate the details of the stone walls or of the roof straw, we 
needed to add real three-dimensional reliefs to the buildings. 
The details that we wanted to see on the real-life model had 
to be there in the mesh. Voronoï filters were applied to the 
basement walls of the 8th-century building to simulate the 
individual stones, and gaussian noise was added to the roofs. 
Finally, all the separated pieces of the buildings were merged 
into a single mesh for each house, to ease the exporting in the 
3D printer software.

2.3 Realistic rendering, 3D printing and virtual simulations

Printing a scale model was the main goal, but we were 
confronted with a basic obstacle: the size of the model. We 
settled on a 1:100 scale model of the site, which was large 
enough for people to gather around and have a good view of 
the items and still allow its easy transport and storage. We 
had to split the larger stratigraphic layers into several blocks, 
since the low-cost 3D printers we had access to did not allow 
us to produce parts larger than a 20 cm cube. This in turn led 

to a further series of controls and adjustments of the meshes. 
This part of the work saw a close collaboration between the 
makers of the FabLab and the archaeologists. The cleaned 
objects were imported into the Cura software used to interface 
with the Ultimaker 3D printers. Five full days were needed for 
the printers to complete the production of the pieces. Some of 
them were then glued back together to ensure easy handling. 
The finished product comprised four stratigraphic layers which 
adjusted within each other, the few archaeological remains of 
the houses that we discovered, and the reconstruction of these 
dwellings. Each block has a distinctive colour, one for each 
period (fig. 6). Finishing the model also implied a few small 
manual interventions (sanding, paint touch-ups) and finally 
adding an MDF and Plexiglas base.

The high definition architectural reconstructions were imported 
and textured in Eon-Vue. Since our objective here was realism 
and not real-time rendering, we used advanced procedural 
textures, many of them incorporating displacement maps 
(for example for the stone walls of the dwellings, or for the 
roofing, for which we used vegetation to simulate the thatched 
roofs). Vegetation was added using the ‘ecopainter’ engine of 
the software. We then created a few realistic still images in 
high resolution of the potential landscapes at the 7th and 8th 
centuries (fig. 7). Unfortunately, we were not able to produce 
quality videos because of the time needed to render a single full 
frame on consumer grade hardware (6 to 8 hours).

The terrains produced by E-on Vue were also imported, 
in combination with the low definition architectural 
reconstructions in the Unity Engine, in order to develop a basic 
virtual reality application (Fig. 8). Textures were added, this 
time using techniques closer to what is used in game design to 
ensure good real-time performances, such as normal mapping 
(more precisely bump mapping), so as to simulate details on 
the walls and roofs of the buildings. Only the largest vegetation 
elements (trees) were 3D objects. We used bill-boarded 
textures for the grass. Wind was added to enliven to the scenes 
and animate the moving objects (vegetation, smoke). The 
Oculus SDK allowed us to implement a FPS-like (‘first person 
shooter’) control scheme that would be compatible with Oculus 
Rift VR goggles (DK2). Our application also allows the player 
to switch at anytime during the simulation between the four 
historic periods we chose to represent to experience the site’s 
evolution: pre-anthropic landscape, ancient quarry, 7th-century 

Fig. 6. 3D printed 1:100 scale model: a) assembled 
stratigraphic cross-section; b) digital rendering of the 
pieces as an exploded view; c) complete set of printed 

pieces.

Fig. 7. Hypothetical rendering of the 7th-century dwelling 
and landscape.
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settlement, 8th-century settlement. It is also possible to use the 
application on screen, like a regular virtual visit, without VR 
goggles. 

Finally, the low definition architectural models, an exploded 
view of the scale model, as well as some 3D models of 
archaeological objects, like medieval cooking pots that were 
found on the site and reconstructed from their shards, were 
converted to be used in conjunction with the Three.js WebGL 
javascript library in a web browser. We also used the Leap.js, 
a library that interfaces the Leap Motion (an infrared motion 
sensor) with WebGL content.

3 Results

3.1 The archaeological research perspective: what does 3D 
bring?

One of the archaeological results relates to the quarry: thanks 
to GIS and the 3D volumetric meshes, we could calculate 
the amount of sand and pebbles extracted from the Würmian 
terrace during the beginning of the Roman period. Because we 
were manipulating real-size volumes after the reconstruction, 
we could find the amount of gravel (118 m3) extracted from 
the quarry by simply querying the software. This gravel is 
similar to the one used to construct the Roman road recognized 
near our plot. If we imagine that we have discovered one of 
the places where the Romans stockpiled gravel it is possible to 
calculate the length of road they could have laid. Our figures 
revealed that they could have built 100m of road, 5.80m wide 
and 0.20m thick.

Moreover, we could visualize how anthropic settlements evolved 
in the landscape, adapting themselves to the special topography 

of the terrace, the slope and the quarry. The medieval dwellings, 
the remains of which were very scarce (22 holes for the oldest, 
and a fragment of a rectangular stone base for another), needed 
3D reconstructions to check our configuration hypotheses. And 
indeed, the 3D approach brought out several discrepancies that 
we could correct. These would have remained unseen with a 
standard 2D perspective drawing. It also helped us in choosing 
between several configurations for the buildings.

3.2 The educational perspective: workshop unrolling

Audiences (groups or individuals) were invited to discover not 
only the history of the archaeological site through the scale 
model, but also to understand how we created it. The use of 
3D tools applied to archaeology was as important as the site 
itself. For many of the people who visited us, 3D printing and 
3D modelling were completely new. This is why the workshops 
were designed from the beginning to be dialogues between 
‘makers’ and archaeologists, and it was this feature that made 
the events successful (around 350 people and pupils came to 
the workshops over 3 days). 

Posters and an informative booklet were provided to help in 
understanding the evolution of the settlement, as well as the 
restitution process, and archaeologists and makers were also on 
hand to answer questions. 

The ‘historical’ component of the workshop revolved around the 
scale model that was exhibited and available for manipulation. 
When school classes visited, the archaeologists and teachers 
handled the model themselves. The model could be used by 
the public in two ways. Disassembling the layers one by one, 
the subsoil could be explored as an archaeologist does during 
an excavation. Alternatively, if one starts to assemble the 

Fig. 8. Real-time rendering of the 8th-century house in the Unity engine: a) the original landscape before human 
intervention; b) the landscape modified by the quarry; c) the 7th-century posthole dwelling at an early construction 

stage; d) the 8th-century house, built on its strong base.
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scale model from the first layer, it is possible to apprehend the 
evolution of the landscape from the Würm to the current period. 
Moreover, it is possible ‘to dig’ (i.e. remove), only half of a 
layer so we can see the stratification between sedimentary and 
anthropic deposits (fig.6a). This allows an easy understanding 
of the main principles of stratigraphy: why are the older layers 
below, what is sedimentary accretion, why are the remains of 
ancient buildings buried, etc. Of course, these are all aspects 
that are obvious to archaeologists, but not so easily interpreted 
by the general public and school children.

The ‘computing’ component of the workshop, undertaken 
in collaboration with the makers of the FabLab, presented 
the reconstruction of a medieval cooking pot in real time: a 
shard found in the excavation was presented; its profile was 
then drawn on a laptop before being imported, reconstructed 
and converted into a virtual object in 3D software (Blender). 
A 3D printer then reproduced it at a scale of 1:20 in real time, 
while the finished virtual reproduction could be manipulated 
contactless thanks to the Leap Motion controller. All school 
classes, as well as a few other visitors, would then keep the 
small printed pottery reproduction as a souvenir along with the 
workshop’s booklet. 

4 Discussion

‘Archaeology in plastic’ was the title of the workshop, intended 
as a dialogue between past and present, false and true relics. It 
was a way to bridge the gap – associating new technologies 
and human sciences can sound like forced marriage to 
many. However, we demonstrated that this association can 
be beneficial for both archaeological research and cultural 
mediation. The fact that a single initial set of data can be 
converted into several media, both digital and physical, while 
preserving their scientific objectivity, is remarkable. 

3D printing has taken a long time to reach archaeological 
studies and museums. It is 30 years old now (Hull 1986; 
Lipson & Kurman 2013) – and it is time for humanities to 
give it a try. This tool, invented to make industrial prototypes 
(Chua et al. 2003), is now being used for many more purposes, 
including cultural education, especially to produce replicas 
of archaeological artefacts, and in general for museography 
(Chaumier and Françoise 2014). It is definitely a do-it-yourself 
approach, because it is now low-cost and readily available. 
Much software is now open-source, and tutorials are easy to 
come by (Schelly et al. 2015).

Concerning the interactive virtual media, many enhancements 
have to be made to this first experiment to provide a better 
educational experience. The Leap Motion controlled objects 
were, in the case of the dwellings, very simplified models of 
real houses. More detailed models are needed (a compromise 
has to be found between realism and performance) and they 
have to be completed by informative conventional media (texts, 
pictures, etc.). During the science festival, no other content or 
explanation was provided with it. Thus, the presence of an 
archaeologist was needed to provide relevant information to the 
public. As it was, the application was more of a technological 
demonstration than a complete, standalone educational 
product. This was also the case for the Oculus Rift VR 
simulation, which has not been widely tested yet. We also have 
to remember that these kinds of human/computer interaction 
systems are still nascent. The ease of implementation of these 

tools is getting better every day, and we are convinced that they 
will have a huge impact on scientific mediation. Improving the 
quality of the simulations by adding more realistic textures and 
interactive characters is also becoming easier thanks to more 
powerful hardware. A realistic soundscape can also hugely 
enhance the virtual simulations (Pardoen 2015). Finally, the 
development of APIs (i.e. WebGL), allows content as rich as 
this to be hosted online.

The integration of 3D within the archaeological research 
process can also bring benefits: better understanding of complex 
stratigraphy, testing and validating hypotheses, etc. One of the 
limits of our approach was the disappearance of all metadata 
when we transferred from GIS to 3D modelling software. A 
fully 3D GIS would solve this issue, but, at the moment, we 
could not find a single piece of software encompassing all the 
features we needed, despite this being a long running issue (De 
la Losa and Cervelle 1999). Geologic modelling software, on 
the other hand, does provide full capacity for 3D stratigraphic 
modelling, but it is harder to integrate with archaeological 
research workflow (Apel 2006).

Setting up this project took approximately 40 days (to which we 
must add the printing phase, an additional 5 days, but most of 
it being purely machine time). Considering that this was a first 
experiment, we advanced a lot by trial and error. The process 
has since been established, tested and validated, and even if 
further refinements are needed, we could now probably reduce 
this time by a considerable amount. We also must not forget 
that the scale model can be reused for further exhibitions, and 
that the digital media can be improved, thus increasing their 
value.

Acknowledgements

We would like to thank the COGEDIM society, owner of 
the excavated plot, who contributed to the financing of the 
‘Archaeology in plastic’ project, as well as fellow archaeologists 
who participated in the excavation, and especially Jordi Torgue, 
who carried out the station microtopography survey.

Bibliography

Apel, M. 2006. From 3D geomodelling systems towards 
3d geoscience information systems: Data model, query 
functionality, and data management. Computers & 
Geosciences 32: 222–9.

Blaizot, F., Berard, F., Bonnet, C., Cecillon, C., Franc, O. 2010. 
Archéologie d’un espace suburbain de Lyon à l’époque 
romaine. Paléogéographie de la plaine alluviale, axes de 
communication et occupation, Gallia 67, 1: 1-157. Paris, 
CNRS.

Bouavrd, E., Ramona, J., Tronchere, H. 2015. 7ème avenue. 
Construction d’un immeuble de logements, 23, rue Marc 
Bloch 69007 Lyon, rapport de fouille d’archéologie 
préventive. Service régional de l’archéologie, Direction 
régionale des affaires culturelles, Rhône-Alpes. Lyon.

Bravard, J.-P., Verot-Bourrely, A., Franc, O., Arlaud, C. 
1997. Paléodynamique du site fluvial de Lyon depuis le 
Tardiglaciaire, in J.-P. Bravard and M. Prestreau (eds.), 
Dynamique du paysage. Entretiens de géoarchéologie. 
Actes de la table ronde de Lyon, 17-18 nov. 1995. 
Document d’Archéologie en Rhône-Alpes, Lyon) DARA 
15, ALAPARA: 177-201.



10

CAA 2015

Chaumier, S., Francoise, C. 2014. Museomix : l’invention d’un 
musée du XXIe siècle. La Lettre de l’OCIM 156: 7-11. 
[Online] http://www.museomix.org/ [Accessed 12 may 
2015].

Chua, C. K., Leong, K. F., Lim, C. S. 2003. Rapid prototyping 
– principles and application. Singapore, World Scientific 
Publishing.

Combe, C. 2007. La ville endormie ? Le risque d’inondation à 
Lyon. Unpublished PhD thesis, University Lumière Lyon 
2, Lyon.

De La Losa, A., Cervelle, B. 1999. Virtual reality & 3D GIS, 
3D topological modelling and visualisation for 3D GIS, 
Computers & Graphics 23: 469-78.

Fantini, M., De Crescenzio, F., Persiani, F., Benazzi, S., 
Gruppioni, G. 2008. 3D restitution, restoration and 
prototyping of a medieval damaged skull. Rapid 
Prototyping Journal 14, 5: 318-24.

Faure-Boucharlat, E. 2001. Vivre à la campagne au Moyen 
Age. L’habitat rural du Ve au XIIe s. (Bresse, Lyonnais, 
Dauphiné) d’après les données archéologiques, DARA 21, 
ALAPARA, Lyon.

Gentili, F., Lefevre, A. 2009. L’habitat rural du haut Moyen 
Age en Ile de France, 2ème supplément au Bulletin 
archéologique du Vexin français et du Val-d’Oise, PCR 
Bilan 2004-2006. Collectif d’archéologie rurale du haut 
Moyen Age. Centre de recherches archéologiques du Vexin 
français, Guiry-en-Vexin.

Hull, C. W., Apparatus for production of three-dimensional 
objects by stereolithography. US patent n°US4575330 A.

Lewis, C. J., Mcdonald, E. V., Sancho, C., Pena, J. L., Rhodes, 
E. J. 2009. Climatic implications of correlated Upper 
Pleistocene glacial and fluvial deposits on the Cinca and 

Gállego Rivers (NE Spain) based on OSL dating and soil 
stratigraphy. Global and Planetary Change 67: 141-52.

Lispon, H., Kurman, M. 2014. Fabricated: The new world of 
3D printing. Indianapolis, John Wiley & Sons.

Knabb, K. A., Schulze, J. P., Kuester, F. 2014. Scientific 
Visualization, 3D Immersive Virtual Reality Environments, 
and Archaeology in Jordan and the Near East. Near Eastern 
Archaeology (NEA) 77, 3: 228-32.

Mace, S., Verot-Bourrely, A., Bravard, J.-P. 1993. Genèse et 
fonctionnement holocène de la plaine alluviale du Rhône 
à Lyon. in Archéologie et environnement des milieux 
aquatiques : lacs, fleuves et tourbières du domaine alpin 
et de sa périphérie. Actes du 116e colloque du congrès 
national des sociétés savantes, Chambéry, 29 avril - 4 mai 
1991. Paris, éd. Du CTHS.

McLellan, C. 2014. The history of 3D printing: a timeline. 
http://www.zdnet.com/article/the-history-of-3d-printing-a-
timeline/ [Accessed: 12 may 2015].

Pardoen, M. 2015. Les oreilles à l’affût! Restitution d’un 
paysage sonore : œuvre de l’imaginaire ou recherche 
d’authenticité ? In J. Aubrun, C. Bruant, L. Kendrick, 
C. Lavandier, N. Simonnot (eds.). Silences et bruits du 
Moyen Âge à nos jours : Perceptions, identités sonores et 
patrimonialisation. L’Harmattan.

Schelly, C., Anzalone, G., Wijnen, B., Pearce, J. M. 2015. 
Open-source 3-D printing Technologies for education: 
Bringing Additive Manufacturing to the Classroom. 
Journal of Visual Languages & Computing 28: 226-37.

Spiegelmock, M. 2013. Leap Motion Development Essentials. 
Birmingham, Packt Publishing Ltd.

Wohlers, T. 2013. Additive manufacturing and 3D printing 
State of the industry. Fort Collins, Wohlers Associates.




