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Abstract

This paper explores the link between archaeology and the digital humanities,
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Center for Digital Research in especially the adoption of 3D modeling technology, which is becoming an in-

the Humanities tegral part of archaeological practice. Here we present a case study, a sample of

University of Nebraska - 3D models from a large collection of well-preserved medieval ceramics from
Lincoln the excavations of the Sanctuary of Zeus at Nemea, Greece. This growing digi-
efa@unl.edu tal collection can illustrate the advantages, potential, and challenges presented

by the incorporation of 3D technology into archaeological practice. 3D mod-
eling technology can facilitate documentation, interpretation, and publication
of archaeological datasets. However, the longevity of these datasets remains
uncertain and require extensive dialogue and collaboration, as storage space
requirements, support of current digital infrastructure, and long-term data ac-
cessibility and preservation are matters that do not have standardized solutions.
More effort needs to be invested in preserving these large datasets before 3D

modeling can become fully incorporated into archaeological practice.
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Introduction

This paper was presented in the CAA 2017 session
“Exploring the Symbiotic Relationships of Archae-
ology and Digital Humanities” As the session’s de-
scription emphasizes, archaeology is a discipline that
is inherently spatial and temporal. It is also inher-
ently interdisciplinary and fits comfortably within
the Social Sciences, as well as the Humanities. It is
closely affiliated with anthropology in North Amer-
ica but in Europe has a strong link to History and
the Humanities. We consider this plasticity and in-
terdisciplinarity as a strength rather than a weakness
of our field.

Archaeology also cuts across the natural and
computational sciences. These are real strengths
that make archaeology one of the core fields in the
transdisciplinary digital humanities. Archaeology
was always among the first, along with geography, to
incorporate new methods and tools, such as spatial

analysis and GIS, which added new dimensions, and
facilitated the documentation and analysis of spatial
as well as temporal aspects of human settlement. New
directions soon emerged, such as landscape studies,
a multidisciplinary research area, where archaeology
played a vital role (e.g., Ashmore and Knapp 1999;
David and Thomas 2008; Muir 1999; Ucko and Lay-
ton 1999).

As new technologies, especially 3D technolo-
gies, have become widely adopted, archaeology has
become a main contributor to Digital Humanities.
This give and take, is a true symbiotic relationship
between the two that has led, again, to new, multi-
disciplinary research areas, such as Digital Cultural
Heritage. We can offer observations on the develop-
ment of this fruitful and symbiotic relationship be-
tween archaeology and the Digital Humanities in our
own institutions. The University of Nebraska-Lin-
coln (UNL) has been a leader in the field of Digital
Humanities. When the Center for Digital Research
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in the Humanities was established, a decade ago, the
core disciplines which contributed to the dialogue at
the time were text-based disciplines, mainly English
and History. However, it did not take long for archae-
ology to become one of the core Digital Humanities
members and contributors, as interest, among stu-
dents, and strong candidates with well-developed
digital portfolios, led to the hiring of four archaeolo-
gists, in anthropology, art history, and classics, with-
in the span of two years.

In this paper we reflect on the impact that these
new developments had on our own work, as an ex-
ample of the transformation that Digital Human-
ities approaches are bringing to established forms of
scholarship. Here, we report on the ongoing experi-
mentation with 3D modeling methods, in particular
laser scanning, and their application to archaeologi-
cal collections.

3D Modeling and Archaeological
Collections

In the last 15 years the adoption of 3D modeling
methods in archaeology has accelerated. These
methods have found wide applications in the field
and the laboratory and have brought rapid change
to established practices (e.g., Forte et al. 2012; Olson
and Caraher 2015; Olson et al. 2013; Remondino and
Campana 2014). This new technology has also led to
the growing digitization of archaeological collections
of a wide variety of artifacts (e.g., Grosman et al.
2014). Some of the commonly discussed benefits that
have accompanied the adoption of these new tools
are increased measurement precision, ability to re-
construct artifacts (e.g., Barreau et al. 2014; Kampel
and Sablatnig 2003; Tsiafaki et al. 2016), evaluation
of morphological variability (Bretzke and Conard
2012), and ease of investigation, since the digitized
objects represent accurate copies of the originals (Ol-
son and Placchetti 2015). Another major advantage
is that this technology facilitates virtual preservation
and digital data dissemination. These qualities have
led to the adoption of 3D technology by museums
to enhance exhibits and provide novel virtual edu-
cational experiences (e.g., Payne et al. 2010; Sylaiou
et al 2009).

Here we focus on the application of 3D modeling
methods to the study and analysis of archaeological
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ceramics. Archaeological ceramics are one of the
most common and important categories of artifacts,
as they provide information on chronology, and cul-
tural context. Because pottery is found in fragmen-
tary condition, its documentation is labor intensive,
as each fragment has to be described, measured,
drawn, photographed and classified. The study of
ceramics has benefited from the development of 3D
modeling methods. The advantages of 3D technology
over earlier methods are significant as they provide
considerable support to traditional drawings and 2D
recording and documentation methods (Ebolese, Lo
Brutto & Burgio 2017).

Several studies have demonstrated that 3D mod-
eling is not only more accurate than manual illustra-
tion, it also provides more information, and is actu-
ally a more efficient method. Karasik and Smilansky
(2008) used 3D scanning technology to identify the
rotation axis and profiles and obtain models of more
than 1000 pottery fragments from several sites and
time periods. They concluded that it was more cost
effective compared to traditional methods. This and
other studies have utilized 3D scanning for accurate
data acquisition, including 2D profiling, and the
calculation of attributes that are harder to measure
by traditional means, e.g. volume, surface area, and
symmetry.

Furthermore, digital libraries of 3D models of ar-
tifacts have become a reality. Early efforts (e.g., Rowe
et al. 2002) aimed to develop a storage, archival, and
sketch-based query and retrieval system for 3D ob-
jects. The process and results provided a model for a
digital library of 3D data for further study and anal-
ysis. Another similar project, the Ceramic Technolo-
gies Digital Library (CTDL), involves the creation of
an integrative, web-based database on medieval ce-
ramic technology from Central Europe, particularly
the Germania-Slavica area (ca. AD 600-1400). It ap-
plies 3D scanning technologies to ceramic vessels, in
addition to analytical software for vessel symmetry.
The primary goal of the CTDL project is the creation,
support, and long-term curation of a digital library
(Simon et al. 2008). A more recent project is “Dig-
itizing Early Farming Cultures” (DEFC), which has
standardized and integrated research data of Neo-
lithic and Chalcolithic sites from Greece and Anato-
lia (c. 7000-3000 BC). The digital exhibit includes a
3D pottery gallery and associated metadata (Stuhec
et al. 2016; https://defc.acdh.oeaw.ac.at/).
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Figure 1. Nemea Sta-
dium, aerial view: arrows
indicate the location of
grid squares EE25 and
FF23.

EE25 FF23

A Case Study from Nemea, Greece

Next, we reflect on the impact that these new tech-
nologies had on our own work as an example of
the transformation that 3D modeling methods
are bringing to established archaeological practic-
es. The case study is a collection of medieval pot-
tery derived from the excavations at the Sanctuary
of Zeus at Nemea, carried out by the University of
California-Berkeley in the 1970s and 1980s. The
pottery came from a series of closed deposits, from
the Nemea Stadium, which were excavated in 1975
and 1980 (Miller 1976; Miller 1981). These depos-
its yielded ceramics dating mainly to the 12th and
13th centuries CE. The excavated pits (located in
sections FF23 and EE25, Figure 1) stand out among
the deposits with medieval material from the Nemea
excavations because they produced large quantities
of well-preserved ceramics, diagnostic fine wares, as
well as coarse wares. This material is being studied
in order to identify representative shapes, styles, and
dates, which are the backbone for further analysis.
This assemblage can also serve as a reference guide
for other projects, since comprehensive studies of
ceramics from the medieval period in Greece/Ae-
gean are few compared with those dating to earli-
er times, i.e., the Bronze Age and the Classical and
Roman periods. Thus, the adoption of 3D modeling
methods was part of the overall research goals, to
provide a better form of visualization for the study
and publication of medieval ceramics from Nemea.
Furthermore, creating 3D models of representative

types of medieval ceramics provides additional op-
tions that can facilitate the analysis and sharing of
results. The selection of ceramics for 3D modeling
was based on the following criteria:

o  Fragments that represent the most com-
mon types of decorated and undecorated
wares;

o  Fragments that represent less well-known
types of wares;

. Sherds that exhibit variation of basic fea-
tures in shape and size;

o  State of preservation: preference is given
to well-preserved fragments that can provide
information about the main attributes of the
vessel;

«  Significance of a particular type for es-
tablishing a classification, especially of coarse
wares.

For decorated ceramics of this time period, there is
an established classification scheme based on dec-
orative techniques, e.g., glazed, painted, incised,
slip painted (Morgan 1942). However, there is little
published comparative material for medieval coarse
wares, which constitute the majority of the finds
(e.g., MacKay 1967). Thus, the Nemea collection can
also contribute to this end, to document coarse wares
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that were common in rural areas and facilitate the
development of a typology.

3D Modeling
and Archaeological Analysis

In the course of three summers, over two hundred
3D models of diagnostic ceramics have been com-
pleted. The 3D models were created with a Next En-
gine 3D laser scanner (Brown 2010; White 2015). It
is a portable, affordable scanner, which can accurate-
ly record small to medium sized objects, with a pre-
cision of 0.13-1.66 mm (Polo and Felicisimo 2012).
The texture is not high resolution, for example, it is
not as good as the texture that photogrammetry pro-
vides. However, this equipment produces high-fidel-
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Figure 2. Nemea
FF23.10.50 siphon handle
3D model.

Figure 3. Nemea
FF23.10.50 3D model

in regular and radiance
scaling rendering. The red
ovals indicate areas with
finger marks.

ity models in a fraction of the time required for pho-
togrammetric processing. Multiple views are needed
to create a complete model. The 3D model requires
editing (trimming, aligning, fusing) and, depending
on the complexity of the object, it can take from half
hour to two hours for a complete edited model. The
scanner records surface lines, indentations, breaks,
imperfections, etc. that may facilitate different types
of analysis (e.g., manufacturing methods). Thus, the
specific traits of the NextEngine 3D desktop laser
scanner make it very useful to archaeological re-
search, since it is lightweight, affordable, easy to op-
erate and accurate. It has been used successfully to
create 3D models of a variety of archaeological ma-
terials including ceramics (e.g. Kaneda 2009; Means,
McCuiston & Bowles 2013).

The production of high-fidelity 3D models is a
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starting point for further analysis and interpretations

of the ceramic material. These models enhance the
detailed examination of the artifacts, and aid clas-
sification and documentation of the stylistic vari-
ability within each type. Also, the 3D models assist
in the study of manufacturing techniques, facilitate
measurements, and reconstruction of representative
types. They offer new possibilities, as one can exam-
ine details that are not visible in 2D photographs or
even on the artifact itself, when viewed under stan-
dard lighting conditions. For example, a unique arti-
fact in the collection is a large fragment of a hollow
tube (Nemea FF23.10.50; Figure 2). This interesting
object was part of a special vessel, a siphon, designed
to draw liquids through suction from large contain-
ers. The handle/tube was handmade and its surface
preserves finger imprints from the manufacturing
process. However, these features become visible only
when the 3D model is processed with special filters,
such as the radiance scaling filter available in Mesh-
lab, which enhances the 3D model’s concavities and
convexities (Figure 3; Vergne et al. 2011).

Another unusual shape is a flat-bottom flask
(Nemea EE25.140.10). The base is decorated with
matt-painted intersecting lines and zig-zags. It is
a fragment of a special type of water-transporting
vessel known as an askodavla, a flask derivative (Ba-
kirtzis 2003). This vessel was manufactured on a pot-
ter’s wheel, in separate pieces that were then joined
together. The base interior preserves features, wide
concentric grooves/lines that resulted from the man-
ufacturing process on the wheel. These become vis-
ible when the 3D model is processed with the radi-
ance scaling filter (Figure 4).

A 3D model of a chafing dish, a more common

Figure 4. Nemea
EE25.140.10-3D model
in regular and radiance
scaling rendering.

shape, can also be enhanced with shading tools in
order to accentuate its surface features, which consist
of incised and relief decoration (Nemea FF23.10.45,
Figure 5). This shape combines a shallow dish set on
top of a stand with a lid; it was used to serve food
and keep it warm (Sanders 2003). Multiple views of
this fragment are needed in order to document its
characteristics and the methods of manufacture for
this type of vessel. Thus, the 3D models improve this
process, provide detailed views that reveal manufac-
turing methods, facilitate the classification of this
pottery, as well as comparisons with similar material.
Furthermore, by exporting the 3D models in differ-
ent formats and converting them to widely support-
ed files such as PDF, a variety of views and cross-sec-
tions can be generated by the user. For example,
the 3D model of a globular juglet with sieve can be
shown with its cross-section at different points to
allow accurate documentation, identification and
comparison (Nemea FF23.10.75, Figure 6). Thus,
documentation is a critical phase for the classifica-
tion of archaeological ceramics, especially those that
have not been studied extensively.

The incorporation of 3D technology has aid-
ed this research project. At this time of transition
from well-established practices of 2D drawings
and photographs of artifacts to 3D recording, it is
fair to say that the 3D models offer a number of ad-
vantages: 1) The 3D models are high fidelity digital
reproductions, superior to 2D renderings. 2) They
provide visually effective means for documenting
the composition of the assemblage. 3) They provide
a substantial amount of information for the viewer
that the researcher does not filter. Many applica-
tions of 3D modeling apply primarily to display and
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presentation of data (Newhard 2015:12). However,
visualization is intertwined with analysis, and, as
Opitz (2015:77) suggests, is part of the interpretive
process. The 3D modeling process produces dig-
ital reproductions of artifacts that can be used for
a variety of typological, functional, and other kinds
of analyses. So far, we have highlighted typological
aspects and manufacturing methods. To date these
deposits from Nemea are the key in our effort to re-
fine the chronology, especially of coarse wares, and
reconstruct daily activities at the site. The next step,
however, will be to concentrate on social aspects,
including food preparation, storage, and the re-
construction of consumption patterns and regional
trade networks. The 3D models provide high-quality
information to achieve these goals and are central
to the next phase of the project, dissemination. This
is a significant archaeological assemblage that, so
far, has been available only to specialists. Currently,
a substantial selection of 3D models from this ar-
chaeological collection is readily available through
Sketchfab. In the near future, the whole assemblage
will become available via a digital archive using the
3D Heritage Online Presenter (3DHOP) (Galeazzi et
al. 2016; Potenziani et al. 2015). Although the imme-
diate plans are for a digital archive that will highlight
this particular collection, there is a need for a broad-
er initiative, a database that will bring together mate-
rial from several regions. Such an effort can provide
solutions to a common challenge, the identification
and comparison of similar material from different
sites and regions. The development of a multi-re-
gional digital archive can streamline the search for
particular types of medieval pottery using standard-
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Figure 5. Nemea
FF23.10.45, chafing dish
3D model in regular and
radiance scaling rende-
ring.

ized terms. It will facilitate different types of analyses
and ensure that the next phase of research stands on
firm ground.

Digital Preservation and the Future

3D technology has a transformative role when it
comes to sharing of results and inviting public inter-
action. Digital modeling is becoming as indispens-
able to archaeology and museums as photography in
the late 19th century (Garstki 2016). Many museums
are investing in engaging exhibits which incorporate
3D technology. One of the notable examples is the
Smithsonian’s X 3D project (3d.si.edu), which makes
available to the public 3D models of a wide variety
of objects from its collections that can be download-
ed and printed (Rabinowitz 2015:27). This is one of
the novel qualities of 3D technology, that the digi-
tal models can be duplicated easily and displayed in
multiple locations. 3D digital artifacts offer accurate,
high quality data to researchers, without the need
to visit museums or storage facilities or to handle
original finds. Thus, they enhance preservation, as
the digital copies provide faithful substitutes of the
artifacts. The act of creating a 3D model is a step to-
wards digital preservation. A 3D model can poten-
tially serve as an enduring record of an artifact. So,
certainly, artifact analysis, and digital preservation
are benefiting from 3D technology. 3D modeling
methods are generating novel kinds of datasets and
are creating a new category of objects, “digital surro-
gates” which have their own independent reality and
require their own documentation and explanation
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Figure 6. Nemea FF23.10.75, juglet with sieve, 3D model
and cross sections at different points.

(Rabinowitz 2015:36). “Digital surrogate” is a term
used in libraries and archives to refer to any digital
representation of a work that exists in the physical
world (a thumbnail, a metadata record, a digital im-
age). More commonly, however, the term indicates a
faithful digital copy that seeks to represent an ana-
logue original as accurately and in as much detail as
possible (Rabinowitz 2015:29).

Many questions remain, as we are still assessing
the impact of digital technologies, and 3D model-
ing in particular. For example, the longevity of these
datasets remains uncertain, as storage space require-
ments, support of current digital infrastructure, and
long-term data accessibility and preservation are
matters that do not have standardized solutions yet,
rather require extensive ongoing dialogue and col-
laboration. Rabinowitz (2015:34-36) offers four ba-
sic principles to guide publication and archiving in
order to ensure the future scholarly usefulness of 3D
digital surrogates. Some of these have become com-
mon practices, while others require the development
of new tools: 1) Measurements: the models have to
include some user-accessible information about scale
and units. 2) Inclusion of raw data for reuse wherever

possible. 3) Metadata: The raw data are of lim-
ited use without comprehensive metadata that
indicate what the raw data represent. 4) Process
history: Specific information on how a model
was generated and processed.

Well-established initiatives such as Digital
Antiquity and tDAR, the Archaeology Data
Service (UK), and Open Context are provid-
ing leadership in the area of preservation, and
long-term access to archaeological information
(e.g., Clarke 2015; Kansa, Kansa & Arbuckle
2014; Niven 2017; Richards 2017; Stylianidis
and Remondino, 2016). New initiatives, such
as the Community Standards for 3D Data Pres-
ervation (CS3DP), aim to develop consensus
on standards that include best practices, man-
agement, storage, metadata, access, copyright/
owners and general workflows for 3D creation
services and discoverability. This is an ac-
tive area of research which in addition to the
development of best practices, also address-
es data sustainability, accessibility, and reuse
(Richards-Rissetto and von Schwerin 2017). 3D
modeling technology has become an integral
part of archaeological practice. The challenge ahead
is to find sustainable solutions that can ensure the
continued use of these large and diverse datasets for
future research.

Acknowledgements

I would like to thank Dr. Kim Shelton, the Director
of the Nemea Center for Classical Archaeology at the
University of California-Berkeley, for supporting the
study, digital documentation, and publication of this
archaeological collection. I would also like to thank
the University of Nebraska-Lincoln for a Grant-in-
Aid and a New Directions Layman Award that en-
abled me to carry out this research project.

305 |



CAA Effie Athanassopoulos
2017 Archaeological Practice and 3D Modeling
References Kaneda, A 2009 Application of a low-cost laser scanner

Ashmore, W and Knapp, B (eds.) 1999 Archaeologies
of landscape: Contemporary perspectives. Oxford:
Blackwell.

Bakirtzis, C 2003 Byzantina tsoukalolagina (Byzantine
pots and pans-Bu{avTivé Toovkadoddynva) Athens:
Greek Ministry of Culture.

Barreau, J B, Nicolas, T, Bruniaux, G, Petit, E, Petit, Q,
Bernard, Y, Gaugne, R, and Gouranton, V 2014
Photogrammetry based study of ceramics frag-
ments. International Journal of Heritage in the Digital
Era, 3(4): 643-656. https://doi.org/10.1260/2047-
4970.3.4.643

Bretzke, K and Conard, N J 2012 Evaluating morpho-
logical variability in lithic assemblages using 3D
models of stone artifacts. Journal of Archaeological
Science, 39: 3741-3749.

Brown, J 2010 Innovation at home - Inside a 3-D
desktop scanner. Electronic Engineering Times, 27
September, pp. 48-49.

Clarke, M 2015 The digital dilemma: preservation and
the digital archaeological record. Advances in Archae-
ological Practice, 3(4): 313-330.

David, B and Thomas, J 2008 Handbook of landscape
archaeology. Walnut Creek, CA: Left Coast Press.

Ebolese, D, Lo Brutto, M and Burgio, A 2017 3D
modeling of two louteria fragments by image-based
approach. In: ISPRS - International Archives of the
Photogrammetry, Remote Sensing and Spatial Infor-
mation Sciences. XLII-5/W1. 573-580. 10.5194/isprs-
archives-XLII-5-W1-573-2017.

Forte, M, Dell’Unto, N, Issavi, J, Onsurez, L and
Lercari, N 2012 3D Archaeology at Catalhdyiik.
International Journal of Heritage in the Digital Era,
1(3): 351-377.

Galleazzi, F, Callieri, M, Dellepiane, M, Charno, M,
Richards, J and Scopigno, R 2016 Web-based visual-
ization for 3D data in archaeology: The ADS 3D viewer.
Journal of Archaeological Science Reports, 9: 1-11.

Garstki, K, 2016 Virtual representation: The produc-
tion of 3D digital artifacts. Journal of Archaeologi-
cal Method Theory, 24(3): 726-750. DOI 10.1007/
s10816-016-9285-z

Grosman, L, Karasik, A, Harush, O and Smilanksy, U
2014 Archaeology in three dimensions: Comput-
er-based methods in archaeological research. Journal
of Eastern Mediterranean Archaeology and Heritage
Studies, 2(1): 48-64.

| 306

for archaeology in Japan. In: Proceedings of CIPA
Symposium 22, Kyoto, Japan, October 11-15, 2009.
http://cipa.icomos.org/activities/conferences/pro-
ceedings_2009/

Kampel, M and Sablatnig, R 2003 An automated pottery
archival and reconstruction system. Journal of Visu-
alization and Computer Animation, 14(3): 111-120.

Kansa, E, Kansa, S and Arbuckle, B 2014 Publishing
and pushing: mixing models for communicating
research data in archaeology. International Jour-
nal of Digital Curation, 9(1): 57-70. http://dx.doi.
org/10.2218/ijdc.v9i1.301

Karasik, A and Smilansky, U 2008 3D scanning tech-
nology as a standard archaeological tool for pottery
analysis: practice and theory. Journal of Archaeologi-
cal Science, 35: 1148-1168.

Mackay-Stillwell, T 1967 More Byzantine and Frankish
pottery from Corinth. Hesperia, 36: 249-320.

Means, B K, McCuiston, A and Bowles, C 2013 Vir-
tual artifact curation of the historical past and the
NextEngine desktop 3D scanner. Technical Briefs in
Historical Archaeology, 6: 1-12.

Miller, S G 1976 Excavations at Nemea, 1975 Hesperia,
45:174-202.

Miller, S G 1981 Excavations at Nemea, 1980 Hesperia,
50: 45-67.

Morgan, C H 1942 Corinth XI: The Byzantine pottery. Re-
sults of the excavations conducted by the American
School of Classical Studies at Athens. Cambridge,
MA.

Muir, R 1999 Approaches to landscape. Lanham, MD:
Rowman & Littlefield.

Newhard, J 2015 3D Imaging in Mediterranean archae-
ology: what are we doing, anyway? In Olson, B R and
Caraher W R (eds.) Visions of substance: 3D imaging
in Mediterranean archaeology. The Digital Press @
The University of North Dakota, pp. 9-16.

Niven, K 2017 Preserving 3D data sets: workflows,
formats, and considerations. In: Johnston L R (ed.)
Curating research data volume two: A handbook of
current practice, ACRL: Chicago, pp. 119-123.

Olson, B R and Caraher, W R (eds.) 2015 Visions of
substance: 3D imaging in Mediterranean archaeology.
The Digital Press @ The University of North Dakota.

Olson, B R and Placchetti, R A 2015 A discussion of
the analytical benefits of image based modeling in
archaeology. In: Olson, B R and Caraher W R (eds.)
Visions of substance: 3D imaging in Mediterranean



Effie Athanassopoulos
Archaeological Practice and 3D Modeling

CAA
2017

archaeology. The Digital Press @ The University of
North Dakota, pp. 17-26.

Olson, B R, Placchetti, R A, Quartermaine, J E and
Killebrew, A 2013 The Tel Akko total archaeology
project (Akko, Israel): Assessing the suitability of
multiscale 3D field recording in archaeology. Journal
of Field Archaeology, 38(3): 244-262.

Opitz, R 2015 Three dimensional field recording in
archaeology: An example from Gabii. In: Olson, B R
and Caraher W R (eds.) Visions of substance: 3D im-
aging in Mediterranean archaeology. The Digital Press
@ The University of North Dakota, pp. 73-86.

Payne, A, Cole K, Simon, K, Goodmaster, C and
Limp, F 2010 Designing the next generation virtual
museum: Making 3D artifacts available for viewing
and download. In: Frischer, B, Webb Crawford, J and
Koller, D (eds.), Making History Interactive. Comput-
er Applications and Quantitative Methods in Archae-
ology (CAA). Proceedings of the 37th International
Conference, Williamsburg, Virginia, United States
of America, March 22-26 (BAR International Series
S2079). Archaeopress, Oxford, pp. 292-297.

Polo, M E and Felicisimo, A M 2012 Analysis of un-
certainty and repeatability of a low-cost 3D laser
scanner. Sensors, 12: 9046-9054. DOLI: http://dx.doi.
org/10.3390/s120709046

Potenziani, M, Callieri, M, Dellepiane, M, Corsini, M,
Ponchio, F and Scopigno, R 2015 3DHOP: 3D
heritage online presenter. Computer Graphics, 52:
129-141.

Rabinowitz, A 2015 The Work of archaeology in the age
of digital surrogacy. In: Olson, B R and Caraher W R
(eds.) Visions of substance: 3D imaging in Mediterra-
nean archaeology. The Digital Press @ The University
of North Dakota, pp. 27-42.

Remondino, F and Campana, S 2014 3D Recording
and modelling in archaeology and cultural heritage:
Theory and best practices. Oxford, England: Archae-
opress.

Richards, J D 2017 Twenty Years Preserving Data: A
View From the UK Advances in Archaeological Prac-
tice, 5(3): 227-237. DOI: 10.1017/aap.2017.11

Richards-Rissetto, H and von Schwerin, J 2017 A catch
22 of 3D data sustainability: Lessons in 3D archae-
ological data management & accessibility. Digital
Applications in Archaeology and Cultural Heritage, 6:
38-48. doi.org/10.1016/j.daach.2017.04.005.

Rowe, J, Razdan, A, Collins, D and Panchanathan, S
2002 A 3D digital library system: Capture, anal-

ysis, query, and display. In: ACM/IEEE Joint Con-
ference on Digital Libraries, JCDL 2002, Portland,
Oregon, USA, June 14-18, 2002, Proceedings. DOI:
10.1145/544220.544329

Sanders, G D R 2003 Recent developments in the
chronology of Byzantine Corinth. In: Williams, C
K and Bookidis, N (eds.) Corinth, The Centenary
1896-1996. Princeton: American School of Classical
Studies Publications, pp. 385-399.

Simon, A, Farin, G, Liibke, C, Indruszweski, G and
Rowe, J 2008 Ceramic Technologies Digital Library
(CTDL): A digital repository of Medieval ceramics -
A preliminary report. In: Posluschny, A, Lambers, K
and Herzog, I (eds.), Layers of Perception. Proceedings
of the 35th International Conference on Computer
Applications and Quantitative Methods in Archaeolo-
gy (CAA), Berlin, Germany, April 2-6, 2007. Kollo-
quien zur Vor- und Frithgeschichte, Vol. 10, Bonn,
pp- 99.

Stylianidis, E and Remondino, F 2016 3D Recording,
documentation and management of cultural heritage.
Whittles Publishing, Scotland, UK.

Stuhec, S, Aspock, E, Masur, A, Andorfer, P and Zayt-
seva, K 2016 Putting 3D models into context - the
Schachermeyr pottery collection and the DEFC app.
In: Proceedings of the 8th International Congress on
Archaeology, Computer Graphics, Cultural Heritage
and Innovation ARQUEOLOGICA 2.0’, 5-7. Sept.
2016, Valencia, Spain, pp. 449-452. URL: http://ocs.
editorial.upv.es/index.php/arqueologica20/arqueo-
logica8/paper/viewFile/4155/2288

Sylaiou, S, Liarokapis, F, Kotsakis, K and Patias, P 2009
Virtual museums, a survey and some issues for
consideration. Journal of Cultural Heritage, 10: 520-
528.

Tsiafaki, D, Koutsoudis, A, Arnaoutoglou, F and
Michailidou, N 2016 Virtual reassembly and com-
pletion of a fragmentary drinking vessel. Virtual
Archaeology Review, 7(15): 67-76.

White, S 2015 Virtual Archaeology — The NextEngine
desktop laser scanner. Archaeology International, 18:
41-44. DOL: http://dx.doi.org/10.5334/ai.1804

Ucko, P and Layton, R (eds) 1999 The archaeology and
anthropology of landscape: Shaping your landscape.
London: Routledge.

Vernge, R, Vanderhaegue, D, Chen, J, Barla, P, Gra-
nier, X and Schilick, C 2011 Implicit brushes for
stylized line-based rendering. Computer Graphics
Forum, 30(2): 513-522.

307 |






