
Lecture Notes in Computer Science 8355
Commenced Publication in 1973
Founding and Former Series Editors:
Gerhard Goos, Juris Hartmanis, and Jan van Leeuwen

Editorial Board

David Hutchison
Lancaster University, UK

Takeo Kanade
Carnegie Mellon University, Pittsburgh, PA, USA

Josef Kittler
University of Surrey, Guildford, UK

Jon M. Kleinberg
Cornell University, Ithaca, NY, USA

Alfred Kobsa
University of California, Irvine, CA, USA

Friedemann Mattern
ETH Zurich, Switzerland

John C. Mitchell
Stanford University, CA, USA

Moni Naor
Weizmann Institute of Science, Rehovot, Israel

Oscar Nierstrasz
University of Bern, Switzerland

C. Pandu Rangan
Indian Institute of Technology, Madras, India

Bernhard Steffen
TU Dortmund University, Germany

Demetri Terzopoulos
University of California, Los Angeles, CA, USA

Doug Tygar
University of California, Berkeley, CA, USA

Gerhard Weikum
Max Planck Institute for Informatics, Saarbruecken, Germany



Marinos Ioannides Ewald Quak (Eds.)

3D Research Challenges
in Cultural Heritage

A Roadmap in Digital Heritage Preservation

13



Volume Editors

Marinos Ioannides
Cyprus University of Technology
Department of Electrical and Computer Engineering and Informatics
Digital Heritage Research Lab
Archbishop Kyprianou 31
3036 Limassol, Cyprus
E-mail: marinos.ioannides@cut.ac.cy

Ewald Quak
Tallinn University of Technology
Institute of Cybernetics
Wave Engineering Laboratory
Center for Nonlinear Studies
Akadeemia tee 21, 12618 Tallinn, Estonia
E-mail: ewald.quak@cs.ioc.ee

ISSN 0302-9743 e-ISSN 1611-3349
ISBN 978-3-662-44629-4 e-ISBN 978-3-662-44630-0
DOI 10.1007/978-3-662-44630-0
Springer Heidelberg New York Dordrecht London

Library of Congress Control Number: 2014947729

LNCS Sublibrary: SL 3 – Information Systems and Application,
incl. Internet/Web and HCI

© Springer-Verlag Berlin Heidelberg 2014

This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of
the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation,
broadcasting, reproduction on microfilms or in any other physical way, and transmission or information
storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology
now known or hereafter developed. Exempted from this legal reservation are brief excerpts in connection
with reviews or scholarly analysis or material supplied specifically for the purpose of being entered and
executed on a computer system, for exclusive use by the purchaser of the work. Duplication of this publication
or parts thereof is permitted only under the provisions of the Copyright Law of the Publisher’s location,
in ist current version, and permission for use must always be obtained from Springer. Permissions for use
may be obtained through RightsLink at the Copyright Clearance Center. Violations are liable to prosecution
under the respective Copyright Law.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant
protective laws and regulations and therefore free for general use.
While the advice and information in this book are believed to be true and accurate at the date of publication,
neither the authors nor the editors nor the publisher can accept any legal responsibility for any errors or
omissions that may be made. The publisher makes no warranty, express or implied, with respect to the
material contained herein.

Typesetting: Camera-ready by author, data conversion by Scientific Publishing Services, Chennai, India

Printed on acid-free paper

Springer is part of Springer Science+Business Media (www.springer.com)



3D Research Challenges in Cultural

Heritage Applications

Preface

Recent research and development activities in 3D technologies have led to rapid
progress with far-reaching impact in numerous applications spanning very di-
verse areas both for highly-skilled professionals – such as computer-aided design
and engineering for digital factories of the future and advanced simulators for
flight and surgical training – as well as for the general public now using 3D maps
and enjoying 3D TV/cinema and computer games. In general, it has turned out
that the handling of 3D data poses different challenges but also provides growth
for new, exciting and innovative opportunities compared to more established
media like texts, images or sound.

Some 3D technologies are already being used successfully also in the
cultural heritage (CH) domain, especially in the area of digital libraries for
cultural heritage like Europeana (www.europeana.eu) and the UNESCO Mem-
ory of the World. A workshop on these topics was organized by the editors of
this volume at the International Conference on Cultural Heritage EuroMed2012
(www.euromed2012.eu) on the island of Cyprus in October 2012. This was the
official event of the Cyprus Presidency of the Council of the European Union,
bringing together specialists of different 3D technologies and cultural heritage
areas to present recent advances and discuss the way forward. At this workshop,
the idea for this volume originated, with the intent of gathering 3D research
challenges for the digital cultural heritage domain. Contributions from renowned
researchers in this specific area and workshop participants have been selected.
The aim of this book is to provide an insight into ongoing research and future
directions in this novel, continuously evolving field, which lies at the intersection
of digital heritage, engineering, computer science, material science, architecture,
civil engineering, and archaeology.

Overall, in our opinion, the chapters in the book reflect the following
3D Challenges in the CH Domain:

1. Transition of CH Objects from Real to Virtual,

2. Interplay of Geometry and Semantics for CH,

3. Organization of Large 3D Databases in CH,

4. Handling 3D Data in CH over the Internet and Mobile Devices,

5. Presenting CH Content in 3D to the General Public,

6. Contributing to the Research of CH Professionals,

7. Reconstruction of CH Objects from Virtual to Real and their 3D production
and use.
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1. The acquisition of virtual 3D computer models, typically using laser scanning
technology but also using computer-aided design, raises various problems
related to the huge number of objects that should be dealt with as well as
their size, material, accessibility, etc.

2. The geometric description of a CH object in some computer-tractable form
is clearly distinguished from the historical description of the build, meaning
and purpose of a CH object, which has been studied for centuries in areas
like architecture. The story telling and the mathematical model have to be
suitably interwoven.

3. Once acquired, the large set of digitally available 3D objects must be properly
organized with the right metadata to allow activities like exchange and com-
parison not just within one institution but Europe wide for example through
libraries such as Europeana or even globally integrated in GIS systems and
geo-maps like Google Maps.

4. The presentation/display of 3D CH objects for users who are not IT spe-
cialists, allowing them the use and even manipulation of such objects for
practical activities, poses a lot of technical questions concerning 3D web
browsers, mobile devices, etc.

5. CH in 3D content can be presented to the general public in a gripping,
immersive setting, capturing people’s attention. This necessitates, however,
the easy development of animated 3D scenes and 3D authoring tools for
interactive experiences, usable by specialists for the CH content who should
not have to be very familiar with IT issues.

6. 3D technologies should also help CH professionals in their daily research
work, for example, assisting – literally – in the search for missing pieces in
archaeological settings.

7. New 3D printing technologies allow on the one hand, the detailed reconstruc-
tion of 3D CH objects in previously unknown fidelity in shape and material
and on the other hand they are finally giving laymen viable options to turn
available virtual CH models into tangible real entities. This can support
real CH object exhibitions of previously unseen objects and assist in the
repatriation of some of these replicas back to their origin.

Naturally some of the above mentioned challenges are very well-known from
other 3D application areas but may have a different twist in the CH domain. The
different issues are obviously interwoven which becomes apparent when studying
the chapters of this book.

The paper by Santos et.al. provides very interesting information on the sheer
volume of the task of scanning 3D museum objects (Challenge 1) but also on
the development of 3D web browsers (Challenge 4). The text by di Benedetto
et.al. discusses web and mobile visualization (Challenge 4). The relationship of
geometry and semantics (Challenge 2) is considered by Havemann et.al. concern-
ing procedural shape modelling and by De Luca et.al. for architectural elements.
Tal considers in her chapter the use of mathematical shape analysis techniques
in an archaeological setting that have become part of an IT-system for archaeol-
ogists (Challenge 6). 3D issues for the reconstruction of virtual heritage scenes
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with large populations (Challenge 5) are the subject of the contribution by Thal-
mann et.al. Important lessons from the film industry, especially concerning the
managing of digital assets (Challenge 3), are provided in the paper by Dodgson.
The content creation (Challenge 5) is the focus of the chapter by Linaza et.al.
Finally, 3D reconstruction (Challenge 7) is the topic of the contributions by
Callet for a high-precision setting both in shape and material and by Neumüller
et.al. for 3D printing, especially for wider audiences.

What is the way forward to further address these challenges? Another work-
shop at the next EuroMed2014 (www.euromed2014.eu) conference, again to be
held in Cyprus in November 2014, will discuss future perspectives. The contri-
butions in this volume show that substantial activities have been carried out in
CH-related projects funded by the European Commission. The first worldwide
fellowship programme funded by the Marie Curie Initial Training Network on
Digital Cultural Heritage: Projecting our Past to the Future (www.itn-dch.org)
is intending to train the next generation of young researchers also in 3D tech-
nologies for cultural heritage.

So in conclusion, a further challenge for the research community in Europe
working on 3D technologies for cultural heritage is to systemically, creatively –
and hopefully successfully – apply for funding for exciting new activities in the
Horizon2020 Framework Programme. Simultaneously the European Commission
should highlight cultural heritage applications in the new editions of the H2020
work program for the coming years.

Marinos Ioannides
Ewald Quak
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