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Approaching Reality

Archaeological documentation practice is currently undergoing a silent revolution.
Time honoured traditions are being replaced by new digital methods for excavation
recording. Not only are the principles and foundations for archaeological documen-
tation changing fundamentally, but this is happening with only scant attention to
the consequences for how we secure and integrate our archaeological data. It is not
the primary goal of archaeology to simply collect and store data, without bring-
ing it to further use. Archaeological excavations should contribute to scientific
research by producing high quality, detailed documentation within a larger con-
ceptual framework which supports collaboration and interoperability. The same
applies to spatial data - drawings, models and measurements - which tie together
an otherwise seemingly abstract or even chaotic complexity of archaeological ob-
servations and interpretations. Yet spatial recording - both 2D and 3D - is severely
detached from its textual information, despite the significance of visual represen-
tations for conveying and disseminating archaeology. Currently we are at danger
of losing valuable data, as spatial excavation documentation is produced which is
incompatible with current technical, theoretical and methodological frameworks
and infrastructures.

This study represents a methodological investigation aimed at addressing ex-
isting challenges of integrating complex spatial data in archaeological excavation
practice. These challenges combine issues inherent to the traditional abstraction
and conceptualisation of the observed and interpreted archaeology (Hodder 1999;
Hodder and Hutson 2003; Pavel 2010; Lucas 2012; Forte et al. 2015), with the
epistemological and methodological paradigm shift related to the advent of digital
image-based 3D recording techniques like Structure from Motion (SfM) (Pollefeys
et al. 2001; De Reu et al. 2014).

The digital revolution in archaeology is perhaps most evident by the early and
continuous adoption of Geographic Information Systems (GIS). Yet it is arguably
the inability to manipulate three-dimensional data natively within common GIS so-
lutions which constrains its full capacity as an Archaeological Information System
(AIS). There are, however, more nuances to the issue and the three-dimensional
character of archaeological data is not necessarily as profound, despite claims to
the contrary (Harris and Lock 1996). While spatial data inarguably are at the core
of all archaeological recording, the discipline is permeated by two-dimensional pro-
jections, which do not correspond to an ideal of three-dimensional recording. It
is in fact debatable if archaeological documentation ideals are shaped by what is
technically possible, rather than the opposite. Perhaps more than anything else,
archaeological excavation methods are governed by and aimed for an end-goal
of publishing and print on paper (Madsen 2003), and according to the preva-
lent methodology, top-down, two-dimensional projection is necessary to create the
drawings and delineations which carry the archaeological interpretation. The pa-
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per media still dictates the way archaeologists record and document, and it affects
the abstract data structures used for organising archaeological field recording. It
may be interpreted as an expression of an outdated mindset, when analogue meth-
ods are directly migrated to digital equivalents, and conceptually misaligned with
what the digital methods provide. Data are "dumbed-down” and complexity is
reduced to what archaeologists traditionally deal with. For instance, a highly de-
tailed, photorealistic 3D documentation may be adopted only as the means by
which an orthophoto is generated. Consequently, the three-dimensional informa-
tion is discarded and the documentation is used only as a digital equivalent to
a traditional hand drawing. Furthermore, archaeology works at many levels of
resolution from intra-site to inter-site, and a consistent level of documentation de-
tail has proven difficult to produce, which often relates to the scale and scope of
the prevalent research questions (Wheatley and Gillings 2002). Despite the early
application of GIS, archaeologists have failed to transform GIS from a simple tool
into a proper data management or research instrument, with methodological and
theoretical implications (Merlo 2016).

This research is therefore concentrated on the role of three-dimensional repre-
sentations in digital archaeology, including the tools needed to harness their full
potential, and the data models required to better integrate and disseminate joined
spatial and non-spatial data. From the point of view of archaeological fieldwork,
the research describes an effort to integrate complex spatial data, primarily derived
from image-based 3D documentation, and seeks to develop a conceptual structure
which encourages and enables the use of 3D as a tool in the archaeological pro-
cess. This requires a framework or infrastructure which facilitates combining data
in an open data model and also provides interoperability and re-usability of the
bulk documentation data. The framework is tested in practice, implemented and
developed around specific Danish research excavations, primarily Jelling (Holst et
al. 2013) and Alken Enge (Holst et al. in press), while its scalability is tested
against national datasets of excavation data (MUD 2014).

1.1 Research motivation

The inspiration for the research into complex spatial data and appropriate data
models derives from my own experiences with digital documentation at Danish re-
search excavations. The special joint position between the University of York and
Aarhus University provided by this PhD project offered opportunities to compare
and synthesise experiences from both institutions regarding excavation methodol-
ogy, digital documentation and practices of archaeological data archiving.

The overall premise for the research is the significant lack of integration when
it comes to data produced by archaeological excavation documentation. This calls
for a data model, which more coherently integrates all the types of digital data that
an archaeological excavation may produce. Specifically, most excavation drawings
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are detached from the written classification. This is true for analogue data as
well as digital spatial data, and becomes increasingly evident when we talk about
drawings of vertical sections and other complex visual representations used for
excavation documentation, which do not fit into the top-down projection scheme
of mainstream GIS. The outcome is a parallel series of related and derived data,
which only to some extent are properly referenced.

It is therefore of growing concern
that 3D documentation techniques are
increasingly accepted and applied, de-
spite serious limitations to the technical
frameworks normally used for spatial
data, such as GIS or CAD. These sys-
tems were never originally intended to
include nor visualise such 3D data. The
new data types generated do not inte-
grate easily with our traditional docu-
mentation workflow either. Despite the
revolution of spatial field recording at-
tributed the introduction of high preci-
sion GNSS/GPS for drawing digitally
(and fast), the most common GIS solu-
tions do not offer the necessary tools for
managing the full complexity of archae-
ological recording. Concurrently, an in-
creasing amount of “born digital” data
is generated, which does not produce
the archival paper trail we are used to
dealing with. While a digital excava-
tion plan may be easily printed on to
paper, rectified documentation photos,
photogrammetry, Structure From Mo-
tion and laser scanning challenge how
we manage, integrate, analyse, dissem-
inate and archive data.

The lack of spatial data-integration

Figure 1.1: The author and colleagues from
Aarhus University and Skanderborg Museum
while excavating at Alken Enge. All strati-
graphic units are recorded using imaged-based
3D documentation/Structure from Motion tech-
niques. Photo: Ejvind Hertz.

is not only related to limitations in our tools and the legacy of historical excava-
tion traditions, but also to the continuous method development, which is particu-
larly closely linked to the technological advances, and how these are adopted and

adapted in archaeological practice.
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Of particular interest is the potential of Structure from Motion for creat-
ing photo-realistic 3D models and similar techniques for photogrammetric field
recording, as they may constitute a new methodological framework, bridging a
methodological gap between different field archaeological traditions. Excavation
techniques vary significantly according to geography, the political landscape, lo-
cal traditions and the nature of the archaeological sites themselves, although most
agree that common methods are the standards by which it is possible to truly com-
pare and interpret archaeological data at the larger scale. Yet technology plays an
increasing role, as it offers faster and thus cheaper ways of documenting archaeol-
ogy in a world of contract and rescue archaeology, with potentially adverse effects
(Kristiansen 2009). This may, however, be about to change as the interaction be-
tween new technology and different prevalent archaeological excavation traditions
evolves. An area where this development would potentially have profound impact
is where the single-context ideal (Harris 1979) is contrasted by vertical sectioning
of archaeological features (Carver 2009; Carver et al. 2015) as observed in the
diverging excavation methods of Danish and British archaeology. In this case,
3D documentation may constitute a middle ground of recording principles, where
single context planning and strict stratigraphic excavations meet the arbitrary,
pragmatic geometric sectioning of features.

In addition to the philosophical implications of a new paradigm of 3D photo-
realistic documentation, this “new-objectivity” has arguably profound method-
ological impact on several aspects of field recording. It offers a new conceptual
interface or structure of visual representation, which forces us to construe how an
object in a 3D representation relates to a feature in the reality of the past.

The new tools and methods affect the interpretation flow and how we perceive
and identify the relationship between objects, and they redefine how we collaborate
with other researchers. They also mean having to deal with concepts of certainty
and authenticity, which may be used not only to describe the documentation qual-
ity but also to discern between observation and interpretation - documentation
and model. Just like the general use of models to form hypotheses, it is possible to
use 3D models as spatial hypotheses in an ongoing excavation. This allows us to
visually realise or spatially conceptualise our hypothesis as a virtual reconstruction
and to combine it with our observational data. Instead of using traditional drawing
conventions to delineate the archaeological interpretations, we are actually able to
interpret and visualise through 3D modelling of a spatial hypothesis, rather than
working with lines and sketches. This in turn requires strict guidelines, and regard
for the separation of observation and spatial hypothesis, and insurance that the
one is not mistaken for the other.

At present, there is much focus on making our 3D documentation as photo-
realistic or reality-proximate as possible, to even the smallest details. 1 argue
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that this may not necessarily be the most purposeful ideal for our documentation.
Instead we may consider redefining the documentation ideal by experimenting
with the use of volume pixels or voxels to enhance the information retained in
3D documentation. Voxels are interesting from an archaeological point of view,
because they require working with volumes rather than surfaces, which corresponds
more closely with our traditional archaeological construct of contexts or layers.
One of the main driving-forces behind digital archaeology was the advantage
of separating data into quantitative elements; discrete chunks, which can be easily
and efficiently organised and analysed. In fact, I propose that the major challenge
we face in the integration of archaeological documentation data, is exactly where
we choose to not separate data types into their basic constituents: for example
all photos, drawings and of course the digital spatial data, which are handled
internally in GIS or CAD, and not described explicitly. Paradoxically, what 3D
documentation is adding are new, often proprietary data formats, which are also
difficult to split up into their constituents and integrate. Instead we risk ending
up with static 3D representations of our documentation with limited analysis ca-
pabilities, not unlike what an analogue hand drawing represents in the first place.

1.2 Research objectives
A series of research questions act as guides for the study, which may broadly
be divided into four themes:

e Evolving ideals of spatial recording as influenced by technological advances.
Does the introduction of new complex data types in archaeological excavation
documentation necessitate a re-evaluation of the end-goal of the archaeolog-
ical excavation itself and the way archaeologists perceive data? What is the
aim or end-goal of the documentation?” How does this link to archaeological
practice?

e 3D models as observation and interpretation.

New types of data provide an unprecedented level of precision and represent a
new conceptual layer of observation. How does this change the way we think,
and what new methodological approaches can we apply? Is archaeology at a
threshold, at risk of abandoning the traditional interpretative and reflexive
archaeology, for the sake of documentation that appears to correspond more
closely to the observed “truth”? If so, how do we apply this to the current
workflow of archaeological documentation without losing the dimension of
interpretation and scientific research? Do we just take complex data as
fact without concern for the sources of error and validity, and where does
archaeological interpretation fit in a new approach? How does it function as
a tool for hypothesis validation?

24



1.3. SCOPE OF RESEARCH

e Analytical potential of 3D documentation.
What are the analytical possibilities and potential of 3D documentation?
What is needed to fully exploit this potential? Are there ways of employing
machine learning, pattern recognition or semi-automated classifications of 3D
models and how do we embed archaeological knowledge and interpretation
into the 3D models?

e Data structure and conceptualised spatial data for management and inter-
operability.
How do we ensure a data structure that is simple enough to be practical for
field work, yet complex enough to include information about data itself: ob-
servation, interpretation, validity and authenticity, processing, analysis and
archiving? What is required to ensure the availability of complex archaeo-
logical data for analysis? How do researchers best exploit the information
embedded in the new data types in regards of quantitative methods?

In order to inform the broader research questions, the specific objectives of this
research are:

1. To review the role of 3D image-based documentation, and how a re-conceptua-
lisation of the archaeological workflow may aid in the management and anal-
ysis of complex spatio-temporal data.

2. To explore and develop tools dedicated at enhancing the analytical potential
of 3D recording and visualisation.

3. To define a data model and data structure which is dynamic and flexible,
yet simple and transparent, and which integrates all types of archaeological
data.

4. To implement the data structure as a framework, showcasing data manage-
ment capabilities, analytical queries, various spatial and visual representa-
tions and data interoperability.

1.3 Scope of research

Archaeological excavation theory has received much attention since the late
1990s and early 2000. Most of the discussion relate to the post-processual claims
of Tan Hodder, and are primarily concerned with the epistemology of archaeo-
logical research; in particular the dichotomies of interpretative vs. scientific or
objective vs. subjective (Madsen 1995; Hodder 1997, 1999; Lucas 2001). Yet with
an exception of Roskams (2001:267) and Hodder (1999), very few publications con-
sider the practical application of information technology from the point of view
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of actual field manuals. Instead, the focus tends to remain centred on the effects
of new spatial technology on archaeological practice from a knowledge-creation
standpoint. Even though countless articles focus on technical aspects of archae-
ological data management and spatial analysis, this is often aimed at specialists
and not targeted at the broader archaeological community and, perhaps least of
all, the actual people doing fieldwork, who experience the innovations first hand
in everyday excavation practice. Research is focused on digital methods in ar-
chaeology, rather than digital methodology, and rarely in the context of an entire
excavation workflow and the important role played by spatial conceptualisations.
Yet recent years have witnessed an increased focus on the management of spatial
data in combination with fieldwork practices (De Reu et al. 2014; Berggren et al.
2015; Forte et al. 2015; Dell’Unto 2016; Dell’Unto et al. 2017).

The subject of digital applications in archaeology and cultural heritage is ex-
tremely wide, and the research has no intention to solve all aspects of the matter.
As a result, the emphasis is on spatial data related to archaeological excavations
only, and does not consider artefact analyses or spatial analyses in the broader
sense. Concurrently, continuing digital advances and the availability of new, bet-
ter and faster technology also means that what is the “state-of-the-art” of today
is the “old-fashioned” of tomorrow. Evolving technology is both the target and
the premise of the research, where continuous advancements have led to a situa-
tion where the theoretical framework of the archaeological documentation process
struggles to keep up. Different applied techniques for creating three-dimensional
representations of archaeological excavations result in new types of data, empha-
sising an urgent need to start treating archaeological information as both dynamic
and multidimensional - that is, including all three spatial dimensions and time.
This will allow better modelling of reality and visual representations of the phe-
nomena which archaeology tries to describe.

While the research does address theoretical concepts of archaeological interpre-
tation and objectivity, and how new technology such as 3D recording affects the
epistemology of field recording, the main scope of this research is method-based.
The theoretical perspectives serve to assess the scientific value and challenges of
dealing with new data types, new concepts and new documentation end-goals,
but the research does not actively seek out a philosophical debate concerning the
implications of new technology at “the trowel’s edge”. Instead, the methodolog-
ical perspective focuses on developing tools for documentation and management
of complex spatial data and the design of a data model capable of integrating
complex spatial data into the archaeological process and research. This is empha-
sised through the development of the Archaeo Framework, which constitutes an
important objective and contribution of this research.
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This research does not aim to be a new field manual of digital documenta-
tion tools, rather it seeks to bring tools of spatial data management to the field
archaeologist, while facilitating excavation data to become findable, accessible,
interoperable and re-usable.

1.4 Methodology

Based on the research objectives, three levels of research have been undertaken,
comprising conceptual, operational and implementation levels. From the perspec-
tive of method-development and practical implementation, the study progressed
as a dialectic process between actively developing a database, infrastructure and
user-interface while engaging with related topics. Throughout the process, the
practical implementation and public presentations provided continuous feedback
from users, colleagues and peers. This resulted in an iterative process, whereby the
formulation of ideas led to practical operations, implementations and evaluations.

1.4.1 Conceptual level

The initial phases of the project examined the conceptualisations of spatial data
in archaeology, and how they are handled, both historically, from the perspective
of varying excavation traditions, and as a consequence of emerging technologies.
This entailed focusing on the conceptual abstractions required by new forms of
documentation, and how concepts like authenticity play a role in negotiating be-
tween observation and interpretation - between documentation and reconstruction.
It also meant discussing the ideal of photo-realistic 3D documentation versus con-
ceptualised representations based, for instance, on drawing conventions, semantics,
symbols or alternative generalisation and the visualisation of spatial data.

From the point of view of excavation methodology, the long chains of derived
data produced by digital recording and processing become increasingly influential
when assessing the validity of archaeological observations and interpretations. For
this purpose this study explored an event-based approach for conceptualising how
digital spatial data are created, derived and evolve throughout the documentation-
and post-excavation process. This effectively meant building a conceptualisation
around excavation recording procedures and seeing them through to the data model
implementation itself.

1.4.2 Operational level

The operational phase was inevitably a mix of conceptualisation and implemen-
tation, but further explores the potential of 3D as an analytical and information-
carrying tool. It addressed the concern that it is currently very difficult to embed
any elaborate information in a 3D model, unlike in traditional GIS vector layers.
It therefore became a priority to develop tools which allow enhancement of the
semantic value of 3D models, and to consider how machine learning and auto-
mated processes may aid in the archaeological process. These do not replace the
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archaeologist, but aid in the classification of 3D data, which is a laborious process
to do manually. This and the implementation phase involved substantial amounts
of coding in Python, PHP and JavaScript to develop and explore.

Finally, the data structure for managing archaeological spatial data was evalu-
ated against existing conceptual reference models and ontologies, while contempo-
rary research on the semantic web, online vocabularies and thesauri was explored.

1.4.3 Implementation level

The final phase included the data model design, data structure development
and led to several iterations of data models, data management systems and front-
end implementations. This phase was also used to explore the case datasets of
Jelling and Alken Enge.

1.5 About this dissertation

This work finalises a 54+3 PhD project within the joint doctoral programme
in Digital Heritage established in collaboration between the History, Archaeology
and Classical Studies Graduate School, in the Faculty of Arts, Aarhus University
and the Department of Archaeology, University of York. The project was orig-
inally entitled: “An Archaeological Data Model for Complex Spatial Data” and
was initiated January 1% 2015 and finalised March 12" 2018. The main supervisor
of the project for the initial 2 years was Professor Mads Kéahler Holst, Department
of Archaeology and Heritage Studies, Aarhus University now museum director
at Moesgaard Museum. He was replaced by Associate Professor Jens-Bjgrn Riis
Andresen, Department of Archaeology and Heritage Studies, Aarhus University.
Co-supervisor has throughout the project been Professor Julian D. Richards, De-
partment of Archaeology, University of York.

1.5.1 Structure of the dissertation and associated rich media

The PhD dissertation is composed of four individual articles, which constitute
individual chapters (2-5). Each chapter covers a theme within the overall topic of
integrating spatial data in archaeology, supplemented by this introductory chapter,
a synthesis (chapter 6) and a concluding chapter, including summaries in English
and Danish. The research into data integration and spatial visualisation is si-
multaneously published online as proof of concept through the development and
implementation of the Archaeo Framework located at www.archaeo.dk.

Each article is written with the chapter progression of the dissertation in mind,
but is also intended for separate journal publication, and may thus be read indi-
vidually or as part of the whole. Chapters 2, 3 and 4 are based on papers presented
at various archaeological conferences, and were written in the context of the in-
dividual conference session themes, and in the style of the subsequent journal
publication. Chapter 5 is a finished manuscript ready for submission.
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2. Where are we? Reviewing the Integration of Complex Spatial Data in Cur-
rent Field Archaeology.
The article has been reviewed, accepted and published in Internet Archaeol-

ogy.

3. Fvaluating Authenticity: Authenticity of 3D Models in Archaeological Field
Documentation.
The articled has been reviewed, accepted and is in-press as chapter 5 in
“Authenticity and Cultural Heritage in the Age of 3D Digital Reproductions”
(Di Giuseppantonio Di Franco et al. 2018)

4. Semantically enhanced 3D: A web-based platform for spatial integration of
excavation documentation at Alken Enge, Denmark.
The article has been reviewed, accepted and is in-presss for publishing in a
special issue of Journal of Field Archaeology titled “Web-based Infrastructure
as a Collaborative Framework across Archaeological Fieldwork, Lab Work,
and Analysis”, Galeazzi, F. and Richards-Risetto, H. (eds.)

5. Beyond 3D: FExtending Dimensions of Image-based Documentation in Ar-
chaeology.
The manuscript is ready for submission. The article is co-authored with
David Stott, Aarhus University.

The chosen format clearly has a number of advantages and disadvantages.
Although the advantages outweigh the disadvantages, by providing a format in
which it is possible to present a number of distinctly different papers, it can be
difficult to obtain the same coherency compared to a monograph. It is, nonetheless,
expected that the additional chapters offer a satisfactory framework to provide a
coherent piece of work. In order to further this, the articles have been formatted
according to a standard layout, specifically for this dissertation. It should be
stressed that the contents of the different chapters correspond fully to that of
the original papers, except for minor revisions to references and bibliographies.
Chapters 6 and 7 seek to synthesise the main arguments of the preceding chapters,
while introducing the data model design considerations and implementation.

In line with the theme of complex spatial data, the use of rich media for illus-
trations and figures has been a priority throughout the dissertation. Two journals
have additionally accepted embedded videos for online publication. Obviously this
does not correlate with printed copies of this dissertation, nor does the Portable
Document Format (pdf) currently guarantee support of embedded rich media on
all platforms, mainly due to proprietary dependencies.

As a compromise, all illustrations which refer to a video or 3D animation have
been watermarked in the top of the image, clearly stating that it is a video. The ac-

29



Approaching Reality

tual videos have been uploaded separately to https://vimeo.com/album/5006673
(password: phd), and each video-illustration in the pdf is clickable with links lead-
ing directly to the individual video for web-browser viewing. Furthermore, all
URLs for the videos are in the captions and List of Figures.

It should be stressed, that the full impression of the dissertation requires inter-
net access to properly view the associated illustrations and explore the Archaeo
Framework.

1.5.2 Chapter 2

The article presented in chapter 2 is intended as an introduction to the over-
arching research questions and the methodological and historical background. It
offers some rudimentary impressions of differing excavation and recording tradi-
tions in Britain and Denmark, related to the joint nature of the PhD project.
Furthermore it provides a critical assessment of the use of Geographic Information
Systems in archaeology, and the trending negotiations between state-of-the-art
technology and archaeological practice. “Where are we? Reviewing the Integra-
tion of Complex Spatial Data in Current Field Archaeology” (Jensen 2017) was
published in the special issue of the journallnternet Archaeology entitled Digital
Creativity (Beale and Reilly 2017). To cite the editors:

“The application of CAD and GIS for the digitisation and man-
agement of spatial data collected in the field are two cases in point.
Peter Jensen reminds us that CAD was a technology originally de-
veloped as an architectural design tool but was press-ganged into the
uncomfortable service of archaeological mapping. GIS too, with vast
spatial analytical capabilities and, albeit limited, embedded databases,
was ultimately inherently constraining for the simple reason that 3D ar-
chaeological data collected in the field are straight-jacketed into 2D ab-
stractions (i.e. 'layers’). Ultimately the introduction of both CAD and
GIS technologies seems, so far, to have contributed significantly to the
detrimental effect of creating stand-alone silos of spatial data that are
rarely fully integrated with non-spatial, textual data, or what we might
more broadly consider as the archaeological documentation. As such,
they are open to the charge of having stifled the development of digital
standards of recording by perpetuating outmoded analogue recording
conventions from a previous century. Jensen attempts to break free of
these anachronistic shackles by exploring and testing born-digital 3D
recording technologies such as SFM and Range Imaging, GPS, and laser
scanning in current practice. He deliberately adopts a open-minded ap-
proach to begin the process of conceptualising new types of data and
data representation in archaeological documentation, accepting that
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they probably will not fit into our usual concepts of interpretation, and
in all likelihood will require changes in our methodologies and work-
flows, potentially signalling a paradigm shift, redefining explicitly what
we actually want to do with our spatial data. It becomes important
to recognise the conversational nature of this exchange. Jensen’s self-
consciously explorative and negotiated approach epitomises a healthy
discursive relationship between archaeologists, digital technology and
praxis. Far from being passive consumers of technology, archaeologists
need to be involved in a constant negotiation with technology, informed
by cultures of research and practice.” (Beale and Reilly 2017).

1.5.3 Chapter 3

The thesis revolves around the overarching goal of developing an archaeological
data model for complex spatial data. By its broadest definition, a model is used
as a simplified representation of some sort of reality, and the thesis not only deals
with data models, but equally important concepts of spatial models and models for
building and testing research hypotheses. The article in chapter 3 seeks to advance
the conceptual framework of 3D models within archaeological excavation record-
ing. 3D documentation advocates for a new workflow with a more 3-dimensional
reasoning, allowing for the utilisation of 3D as a tool for continuous progress plan-
ning and evaluation of an excavation and its results. Just like the general use of
models to form hypotheses, it is possible to use 3D models as spatial hypotheses on
an ongoing excavation. This allows us to visually realise or spatially conceptualise
our hypothesis as a virtual reconstruction and to combine it with our observa-
tional data. Chapter 3 employs the concept of authenticity to assess the quality
and use of photo-realistic 3D models — not as reconstructions but as representa-
tions of field observations. These are contrasted by 3D models or reconstructions,
which are based on hypotheses and often used for dissemination. Combining such
spatial models will help negotiate and promote the dialectics concerning archae-
ological field recording data, and whether we apply “top-down” or “bottom-up”
approaches, if even such a duality exists. This has the potential of making the
decision process of an archaeological excavation far more transparent, and aid in
illustrating the premises for the archaeological process. For instance will visual-
ising the initial excavation hypothesis as a 3D model provide an account of the
initial decisions and conditions which define the excavation process. The chapter
showcases the question of authenticity and highlights the challenges of uncertainty
when navigating the zone between research hypothesis and public dissemination.
“Fvaluating Authenticity: Authenticity of 3D Models in Archaeological Field Doc-
umentation” (Jensen 2018) was published in the book titled “Authenticity and
Cultural Heritage in the Age of 3D Digital Reproductions” (Di Giuseppantonio Di
Franco et al. 2018). The article was written in the context of a paper-presentation
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at EAA Glasgow September 2-5 2015, which discussed the value of 3D digital and
physical replicas of ancient material culture, how these digital and virtual repro-
ductions should be considered and whether they are authentic representations of
our cultural heritage or just virtual and physical “fakes”. A special focus was how
3D digital and printed replicas challenge and redefine the notion of authenticity in
archaeology and heritage studies.

1.5.4 Chapter 4

The article in chapter 4 further addresses the problems inherent to 3D docu-
mentation: its inability to convey archaeological interpretations. By example of
the excavations at Alken Enge, Denmark, this article explores how a web-based 3D
platform is able to facilitate the collaborative exchange of 3D excavation content
and how the integration of spatial and attribute data into one common event-based
data model may be advantageous. This includes enhancing the semantic value of
field-recorded 3D models by segmenting the geometry using various techniques.
“Semantically enhanced 3D: A web-based platform for spatial integration of exca-
vation documentation at Alken Enge, Denmark” has been accepted for publication
in the Journal of Field Archaeology special issue titled: “Web-based Infrastructure
as a Collaborative Framework across Archaeological Fieldwork, Lab Work, and
Analysis”, Galeazzi, F. and Richards-Risetto, H.(eds.); and represents a re-write
of a paper presented at the Computer Applications and Quantitative Methods in
Archaeology conference, March 2017 in Atlanta. Furthermore, this chapter repre-
sents an offshoot of activities associated with Archaeology Data Service in York
and Fabrizio Galeazzi, including presentations at CAA-UK 2016, CAA-DK 2016
and acting as presenter and session chair on collaborative frameworks at the CHNT
2016 Conference in Vienna (Galeazzi and Jensen 2016).

1.5.5 Chapter 5

The article in chapter 5 further explores the technologies outlined in chapters
2 and 4. In particular it focuses on evaluating analytical capabilities and alter-
native visualisation ideals for 3D data. The chapter presents a simple case study,
demonstrating the pipeline from archaeological feature, through image-based doc-
umentation and processing to volumetric visual representation, while exploring
the potential of machine learning to aid in feature recognition and classification.
“Beyond 3D: Fxtending Dimensions of Image-based Documentation in Archaeol-
ogy” is co-authored with Dr. David Stott, Aarhus University and the manuscript
is ready for submission to a peer-reviewed scientific journal.

1.5.6 Chapter 6
Chapter 6 is the thesis synopsis and focuses specifically on data models while
synthesizing perspectives from chapter 2-5 on digital excavation methodology and
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the challenges of integrating complex spatial data in archaeological field record-
ing. The chapter discusses archaeological data models in general, conceptual ref-
erence models and introduces the specific Danish institutional context and the
multi-stakeholder requirements for the proof of concept developed for this research
project: the development and implementation of a flexible data model for integrat-
ing complex spatial data in an open and interoperable online infrastructure, the
Archaeo Framework. The Archaeo framework was developed as an online and col-
laborative platform with a highly customisable and flexible ontology for research
excavations. It was developed from onsite and practice based, explorative research
and includes tools for harvesting existing data into one common data model for
all textual and spatial data. The framework is showcased through an introduction
to the basic functionalities of the user-interface, including the 2D and 3D online
viewers and the comprehensive textual classification system. Furthermore, several
technical considerations during development and implementation are discussed.

1.5.7 Chapter 7
Finally, chapter 7 provides some concluding remarks and English and Danish
sumimaries.
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Where are we? Reviewing the Integration of
Complex Spatial Data in Current Field
Archaeology

Jensen, P. (2017)
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Abstract: This article examines the background and current challenges of integrat-
ing spatial data in field archaeology, particularly in the light of ongoing technological
advances. This is done through a brief comparative overview of the development of
field recording principles in the UK and Denmark. Archaeology in the two countries
historically represents two different standpoints of methodological traditions and
corresponding ideals of documentation. The question is, if technological develop-
ments — and not least the limitations of the applied digital frameworks — have been
an important defining factor and continue to affect the reconditions of the method-
ological development when it comes to spatial data recording and the advent of more
complex spatial data.

This article demonstrates that 3D documentation techniques are indeed increasingly
accepted and applied despite the limitations of technical frameworks such as GIS or
CAD. Even more interesting is the potential of Structure from Motion and similar
techniques for archaeological field recording as it may constitute a new methodolog-
ical framework, bridging the gap between different field archaeological traditions;
a middle ground of documentation principles, where single context planning and
strict stratigraphical approaches meet the arbitrary, pragmatic geometric sectioning
of features.

Although different methodological approaches clearly relate to an ideal with conse-
quences for our archaeological praxis, excavation and documentation methodologies
are not necessarily restricted or determined by the available technology. Modern
archaeology tends to be sufficiently open-minded and in support of continued ex-
perimentation, which is required to manage new and different methods of data
acquisition and spatial documentation and representation.
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2.1 Introduction

Spatial data lie at the heart of archaeological documentation. In fact, one could
argue that no single piece of evidence collected at any step of the documentation
process exists without some degree of embedded spatial information. The most
obvious is of course the distribution of finds and features. However, any drawing
we make and every photo we take - even all our archaeological interpretations and
classifications -relate to a spatial record of what took place where and when, both
in terms of the historical past as well as the archaeological present.

The attention to spatial recording is indeed one of the technical precondi-
tions to the interdisciplinary nature of archaeology. Early excavations were often
carried out using the skills and knowledge of not only archaeologists but in par-
ticular architects, land surveyors, and cartographers (Piggott 1965). Eventually,
post-excavation quantitative methods and analyses as well as the use of predic-
tive modelling in cultural heritage management called for skilled mathematicians
and statisticians. Technological developments have revolutionised the availability
and applicability of an entire array of scientific investigations, from remote sensing
and geophysical surveys to isotopic and morphological dating and analyses (Kris-
tiansen 2014). These all rely on sampling strategies where spatial information
accounts for the critical assessment of context, formation processes, and the risk
of contamination.

Recent decades have witnessed a series of distinct tendencies in the development
of spatial recording within field archaeology, not least related to the migration of
analogue methodologies into digital equivalents, where the use of CAD and GIS
are the most prominent examples. These tendencies are arguably at the core of
the challenges modern archaeology faces today when it comes to the integration
of spatial data in the documentation process. They are in part the result of
an increasing willingness and eagerness to test out and apply new technologies.
The downside is that new technologies are very rarely developed specifically with
archaeology in mind (Richards 1998, 331), and applications and adaptations fail
to recognise potential negative consequences of this fact.

We have begun to witness the impact of new tools for creating accurate 3D
content, specifically photogrammetry and range imaging techniques such as Struc-
ture from Motion (SFM), which is something archaeology has aspired to ever since
computers were introduced to archaeology (McCoy and Ladefoged 2009). Most
likely we have only experienced the beginning, and the technology responsible is
developing fast. Just as archaeological documentation frameworks were starting
to catch up with solutions for managing the new digital methodologies of spatial
data, the concept of spatial recording has ’gone 3D’ and expanded into new visual
and conceptual representations.

It is the aim of this article to examine the background and current challenges
of integrating spatial data in field archaeology in the light of ongoing technological
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advances. This is in part done through a comparative overview of the development
of field recording principles in the UK and Denmark. Archaeology in the two
countries represents different standpoints of methodological traditions. Do these
differences affect the preconditions of technological development or vice versa when
it comes to spatial data recording and the advent of more complex spatial data?

2.2 Field Recording in the United Kingdom and Denmark

Although historically developed from very similar backgrounds, current archae-
ological excavation methods in the UK and Denmark show characteristic differ-
ences. These differences relate not only to field recording, but to the ideal of
archaeological documentation itself. Arguably, each side has limited understand-
ing of the other methodology, but more interesting is how the differing excavation
methods have adapted to and implemented digital documentation technologies.

Going back to the very beginning of field archaeology, the 19th century repre-
sented a starting point, characterised by an emphasis on acquiring and collecting
artefacts and finds, arguably often achieved through an unsystematic and cursory
approach. By the late 19th century, more consistent methods slowly emerged,
driving field archaeology towards a more empirical-inductive methodology and
focusing on the balance of archaeology between observation and interpretation
(Marsden 1983; Darvill 2015). The introduction of archaeological positivism, in
its quantification of all observed facts, meant a need for structuring investigation
methods and recording systems, eventually leading to a situation where spatial
recording was considered a basic, fundamental observation from which all objects
derive meaning. The context of the artefact became important.

In the UK, one of the first to realise the importance of the archaeological spatial
context was ethnologist and archaeologist Augustus Pitt Rivers (1827-1900), who
in his efforts to explore social evolution introduced methods for the documenta-
tion of long-term development and activity sequences (Bowden 1991). Effectively,
this meant the introduction of plans and section drawings, allowing for the accu-
rate recording of spatial distribution of features and artefacts. Contributions by
Flinders Petrie (1853-1942) regarding relative chronologies and Mortimer Wheeler
(1890-1976) followed. Wheeler is perhaps most famous for the Wheeler Box-Grid
trench system, where an excavation is divided into squares separated by baulks
and sections, but he was also one of the first to systematically record stratigraphy
in the UK as well as overseas in Egypt, India and Pakistan (Lucas 2001). The
introduction of these tools meant that the required elements to do simple spatial
recording were present, and the same basic principles of spatial and stratigraphical
recording is still widely in use today.

Within the same timeframe, continental European methods saw a similar de-
velopment. Archaeology in Scandinavia in the early years also focused almost
exclusively on the artefact. However, emphasis on the development of typologies,
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starting with Christian Jiigensen Thomsen’s (1788-1865) division of prehistory into
Stone, Bronze and Iron Ages and Jens Jacob Asmussen Worsaae’s (1821-1885) ob-
servations regarding stratigraphy may be some of the most well-known Danish
contributions (Gréaslund 1987). The early to mid-20th century also witnessed de-
velopments in field methodology. The aftermath of the Second World War meant
opportunities to examine many of the medieval market towns all over Northern Eu-
rope. Such urban excavations adopted the UK system of stratigraphical recording,
owing to their often very deep and complex sequencing of building traces.

During the 1930s-1950s Gudmund Hatt (1884-1960) and Carl Johan Becker
(1915-2001) were among the first to use large-scale open-area excavations to aid
in the identification of prehistoric building structures, focusing on the exposure
of large areas, where little more than postholes were preserved — which, unfortu-
nately, is the case for most excavations in Scandinavia (Hatt 1928; 1938; Becker
1948; Larsson 2015). The abundance of settlements, especially of the Iron Age, ex-
hibiting only modest stratigraphical information subsequently led to the adoption
of the so-called German approach, where archaeological features are spatially doc-
umented through horizontal and vertical sections or ’schnitt’; a method that today
is by far the most common approach to rural excavation in Denmark and Southern
Scandinavia. In the same period, Harald Andersen (1917-2005) and Mogens Orsnes
(1925-1994) in particular developed methodologies related to the excavation of the
stratified, vast wetland Iron Age weapon deposits, but with much greater empha-
sis on structures of features rather than ’just’ stratigraphy of contexts (Andersen
1956; Orsnes 1963; Becker 1966). Orsnes later became editor and contributor to
the Danish Field Archaeology Manual (Schou Jgrgensen et al. 1980).

The ’continental methods’ for open-area excavations were exported back to the
UK, and widely applied throughout the 20th century, for example by Hurst (1927-
2003) at the excavations of the medieval village of Wharram Percy between 1950
and 1990 (Beresford and Hurst 1990), and the deeply stratified sites of Winchester
by Biddle and Wroxeter by Barker (Barker 1980; Biddle 1990; Barker et al. 1997;
Collis 2011; Everill and White 2011). The same methods are recurring themes
throughout the general methodological development in the UK, as depicted by au-
thors such as Richard Atkinson (1946), John Coles (1972), Philip Barker (1977),
Ian Hodder (1999), Steve Roskams (2001) and Martin Carver (2009). Excavations
in the UK have, however, predominantly retained focus on the development of
stratigraphical and single context recording, i.e. excavation by means of removing
and correlating individual layers or contexts (Darvill 2015). Single context record-
ing was developed by Ed Harris (1979; Harris et al. 1993) and widely adapted
and developed in the UK during the 1970s and 1980s, specifically for deeply strat-
ified urban archaeology. It was primarily seen as an attempt at formalising field
recording in a universal structure of contexts or strata, which is descriptive rather
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than interpretative. The interpretation takes place post-excavation, which in later
years interestingly is opposed by attempts at enabling a more reflexive approach
to field archaeology, as illustrated by Hodder’s interpretation at 'the trowel’s edge’
(Hodder 1997; 1999; Berggren et al. 2015).

For the sake of this article, methodological discussions and justifications for
either approach is not the primary focus, but serve to illustrate the existence of
two methodologies branching into several ways of doing archaeology. It is not a
matter of single context recording vs arbitrary sectioning and slicing, or United
Kingdom vs Denmark; all over the world methods vary according to geography;,
research questions and perhaps not least the political and cultural context in which
the archaeology is exercised (Felding and Stott 2013; Carver et al. 2015; Madsen
1995). As a consequence, we generally observe a change from the very rigorous
approaches to the more pragmatic hybrids. It is, however, very important to realise
how the two objectives or ideals of documentation relate to different practices of
epistemological traditions, and in turn how these relate to spatial recording in an
evolving digital world.

2.3 Documentation: Spatial Recording in an Evolving Digital World

Regardless of the chosen excavation methodology, just a few decades ago most
archaeological excavations were characterised by a comparable set of tools relating
to the activities we usually expect from archaeology: excavation, documentation
and interpretation. At the heart of the documentation was - and still is - the spatial
recording of contexts, features and distribution of finds. Spatial observations and
interpretations are transferred to paper in the form of hand-drawn sketches of
identified features, complemented by sheets or lists of contexts, classifications and
descriptions of relationships between various entities. All are fairly easily managed
by analogue tools - pen and paper.

Since then, new tools have slowly found their way into archaeology, a devel-
opment that may be best illustrated through the proceedings of the annual con-
ference of Computer Applications and Quantitative Methods in Archaeology from
1992 until the present day (CAA). We clearly see a digital development in areas of
data management and quantitative analysis, but also in evidence is an increased
focus on managing spatial field data in Geographic Information Systems (GIS) or
Computer-Aided Design systems (CAD). This progress marks the starting point
of a still ongoing digital revolution of spatial recording in archaeological fieldwork,
following the general trends of technological development in a world of faster com-
puters, global satellite navigation systems and digital equipment for remote sensing
and surveying. At the same time, archaeologists must deal with dichotomies of
data which are either 'born digital’ or derived through some sort of digitisation
process.
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2.3.1 Geographic information or computer-aided visualisation?

Not only did field archaeology in the UK and Denmark branch out into two
separate methodological approaches but the digital adaptations of spatial recording
and management were from the very beginning also divided into two separate
technologies: CAD and GIS.

Historically, Computer-Aided Design solutions had strong ties to archaeological
fieldwork, and often to people or specialists with a background within cartography
or surveying (Holst 2005). CAD was originally, as the name implies, developed
as a designing tool, allowing for very precise and fast prototyping of machine
parts and easy scalability between vector drawing on a computer and a real-world
object. Dealing with objects on a designer-level, and even allowing for the drawing
of three-dimensional vector lines, also meant that CAD became an essential tool
for architects. It was, however, never meant as a mapping tool, and lacked the
support of geographic coordinate systems, limiting its usage as an intra-site tool
for archaeology. Relatively early applications including graphics databases were
seen in the UK in systems like PLANDATA (Alvey and Moffett 1986), AEGIS,
as used by the Scottish Urban Archaeological Trust (Rains 1989), and Hindsight
(Alvey 1993), which extended the capabilities of AutoCAD to produce composite
plans and three-dimensional models from single-context plan elements.

Geographic Information Systems, on the other hand, were created as tools for
more than simply drawing vector lines and, as the name implies, were ’born’ ge-
ographically aware, with the ability to present spatial information by applying a
map projection. Furthermore, unlike CAD, GIS included support for topology
and thereby tools for calculation and analysis of spatial functions, which were
very promising for archaeological investigations of spatial distributions and topo-
graphical analysis (Conolly and Lake 2006). GIS was primarily adapted through
Desktop Mapping solutions, which provided the integration of semantic content or
‘information’ and allowed for the association with a geographic vector represen-
tation of an object or feature. The support for georeferencing rasters also meant
that traditional hand-drawn excavation plans could be scanned and managed by
the GIS systems, allowing for stacking or layering drawings — providing coherency
and explorative capabilities to vast amounts of spatial data, with little other effort
than scanning. Combined with vectorisation tools, GIS would appear superior to
CAD, were it not for its basic premise; that everything is represented as a geo-
graphic projection onto a surface, meaning that three-dimensional data had to be
contained within a two-dimensional visualisation.

The motivation for choosing either technology not only relates to the tradi-
tions and professional background of the people involved, but also to an issue of
availability and affordability of the software, which early on was limited to often
expensive proprietary solutions (Holst 2005). Interestingly, there are also clues
to the rationale behind the choice of either technology for representing spatial
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Figure 2.1: GIS and CAD. The ’traditional’ features of Geographic Information System and
Computer-Aided Design, converging on what has become an ideal for archaeological documen-
tation.

recording if we examine the ideal of different archaeological methodologies or tra-
ditions. Specifically the choice between GIS or CAD very well illustrates how the
choice of technology is tied into tradition-related preconditions; the ideal, goal or
end-product of our documentation.

Common to both technologies, as they are implemented in archaeology, is the
goal or de facto standard of representing archaeological features, contexts and finds
as vector geometries; points, lines and polygons (see Figure 1). It is, however,
important to recognise that, apart from perhaps 3D vectors, GIS and CAD have
been applied as equivalent to our analogue procedures, hand drawings, and as
the development of both archaeological methodologies and spatial technologies
took place in the same time span, they have inevitably had a profound impact on
each other. Large-scale single context planning benefits immensely from proper
computer power and digital tools to handle what otherwise would be extremely
fragmented recording. On the other hand, the methodology of excavation by
stacking two-dimensional layers is directly comparable to the representation that
was possible - or limited - by standard GIS and CAD.

Due to its embedded database capabilities, GIS would appear as the best choice,
seen from the perspective of enhancing our traditional drawing with semantic
information, and it is perhaps the most critical limitation to CAD, which had to
rely on external database solutions. Unfortunately, the GIS concept in its most
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basic sense is limited to storing associated data in a single table, corresponding
to spatial objects in a one-to-one relationship. Any archaeological registration
system will show that this is not the real-world situation! The eventual outcome is
the splitting up of spatial and textual documentation, potentially rendering either
useless without the other.

2.3.2 Diverging branches of excavation methodology

Carver (2009) identifies three methodological approaches of which the geomet-
ric schnitt and box trenching share similar traits of combining horizontal plans
and vertical sections for documentation. These are in contrast to the third,
stratigraphic excavation including single context planning, which operate primar-
ily through plan drawings. Single context planning was first implemented in the
UK through its adoption by the Museum of London as an extension of the Harris
Matrix, and spread in the early 1980s to the Scottish Urban Archaeological Trust
and the York Archaeological Trust through the initiative of Clark and Pearson
(Clark and Hutcheson 1993; Pearson and Williams 1993). The principles are well
described by Roskams (2001) and the method has proven its strengths, especially
for deeply stratified sites. As Carver (2009) states, however, a sequence of sin-
gle contexts without horizons and sections does not make our job of joining the
fragments into a combined drawing any easier. It is indeed virtually impossible
without the aid of a computer.

Stratigraphical or single context planning has two main objectives when it
comes to spatial recording; divide everything into its different constituents or
contexts related to prehistoric actions or events (cuts, fills etc.) to account for
stratigraphy and chronology, and ensure the ability to collect and display these
contexts according to the stratigraphical matrix or phasing. It is imperative to
single context planning to aim at discerning as many details as possible in the
horizontal plan, as opposed to recognising stratigraphy from vertical sections. To
achieve this, a system is needed that allows for layering and, in digital terms,
vector-representations of drawings so that we may overlay contexts and retain
transparency between layers that would otherwise be blocked by the countless
sheets of paper. Both GIS and CAD would allow for this approach. CAD would,
however, allow this without the need to maintain an elaborate database, if the
individual layers are named according to context numbers. CAD is also more
equivalent to the process of finalising or 'inking’ the drawings, rather than focus-
ing on the creation of a cartographic map.

The schnitt or geometric excavation, on the other hand, has some other re-
quirements. When excavating large sites with sparse stratigraphical information,
the use of sections is "... a ruthless - but efficient — method’ (Carver 2009, 117),
which has the advantage of producing a three-dimensional model of a feature, but
unfortunately the complete deposit is never documented in this destructive pro-
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Figure 2.2: (VIDEO) Comparing box-cut and single context planning of posthole excavation
in Denmark and UK. The Danish example is of the excavation of Viking Age longhouses in
Jelling (Nielsen 2015; Holst et al. 2013), the UK example is the Lyminge Archaeological Project,
University of Reading.

https://vimeo.com/257346496/9587eebc13

cess. One would think that the three-dimensional aspect of geometric excavation
would lead to CAD being the prevalent solution, but we actually see the opposite.
GIS is widely used, maybe in part due to the geographically large areas of such
excavations, which calls for a geographic representation, but maybe more so ow-
ing to the excavation method not explicitly producing a stratigraphical sequence,
which must be represented as individual layers. The stratigraphy or phasing of
contexts or features does not result from the layering, but must be assigned to the
attributes of the individual features. GIS allows for elaborate data to be assigned
context or feature numbers and relations to other larger structures for easy query
and display. This is not possible in standard CAD solutions, which will hold only
limited information about a geometric object or group of objects (Eiteljorg and
Limp 2008). The choice of GIS or CAD, of course, also very strongly correlates to
whether the focus of research is at a landscape-level or site-level — if our spatial
features are considered geographies or geometries.

As an example, we can look at how both Danish and UK archaeology focus
on recording the depositional history of a posthole (Figure 2.2). The questions we
would usually pose include whether the posthole was part of a larger structure,
if the post had burned, was pulled up or if it intersects with other features that
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would provide information regarding stratigraphy and chronology. In the UK,
when adhering to the ideals of single context planning, the posthole would be
approached from the top, emptied and recorded in plan through its individual
contexts (post-pipe, packing and cut), and the sum of the contexts would constitute
the posthole. It is generally considered a very reflexive excavation process, as it
requires continuous evaluation of the nature of each context, and contexts are
observed and recorded in their entirety, often as individual CAD layers of each
context.

In Denmark, the starting point is usually based on initial surface observations,
and a hypothesis that the feature is a posthole. This interpretation is then tested
by making a box-section, effectively removing half of the posthole, to reveal a
profile or section containing layers, which may be interpreted. Of course, either
method is subject to adaptation according to the archaeological object in question,
and in practice they sometimes converge by, for example, using a combination of
stratigraphical top-down excavation and leaving half of the feature as a vertical
section. In Denmark, the posthole is generally considered a feature that is part
of a larger structure, a building, which is to be identified from similarities in the
layers of the vertical sections. Similarly, Carver expanded on the Harris Matrix by
introducing groupings of features and structures to single context planning (Carver
1990).

In either case, working with vertical sections has methodologically always been
problematic. Vertical representations are not easily integrated with the horizontal
plan drawing, and neither GIS nor CAD natively allows for this type of func-
tionality. If at all digitised, vertical sections are often managed separately and in
an arbitrary two-dimensional coordinate system, which is also why single context
planning show much greater integration with these technologies.

2.3.3 Parallel threads of documentation

It would appear that single context recording and stratigraphical excavation
experience a far better correlation between the methodological ideals and the tech-
nology and features available through GIS and CAD solutions (Figure 3). How-
ever, we arguably have a general problem of inherently incoherent and fragmented
recording systems, with parallel series of data that of course tend to be correlated
but not fully integrated. This is in part strongly related to a lack of software that
covers all the needs of archaeological digital documentation, but perhaps even
more so it relates to a digital methodology that is influenced by handling spatial
data in a file system.

This is addressed by Wright (2011), who demonstrates how web technologies
can help to integrate spatial data. Based upon the Web 2.0 philosophy and will-
ingness to share data, and built on the semantics of the domain ontology for the
cultural heritage sector (CIDOC-CRM) to allow for data query using the Semantic
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Figure 2.3: Parallel series of digital data. Textual, spatial and complex spatial.

Web Query Language (SPARQL), the project outlines the possibilities of integrat-
ing spatial data by translating vector data to comply with the Resource Description
Framework (RDF) or RDF-triplets. The strength and versatility of the semantic
web is currently being further explored through the GeoSemantic Technologies for
Archaeological Resources (GSTAR) doctoral project by Cripps (2013), which is in-
vestigating how geospatial data can be integrated within semantic environments.
This is an extension of The Semantic Technologies for Archaeological Resources
(STAR) project between English Heritage and the University of South Wales (May
et al. 2011; 2012; Cripps and May 2010) and the Semantic Technologies Enhancing
Links and Linked data for Archaeological Resources (STELLAR) project, which
includes the Archaeology Data Service (May et al. 2012).

The existence of these projects clearly demonstrates, that outside of specific
research projects, trends in field recording shows data generally managed as par-
allel series of data, with spatial data managed by GIS, more or less detached from
other non-spatial, textual data. This means that spatial data is rarely fully inte-
grated into what we consider the archaeological documentation. Not only do we
see parallel series of data, the issues are potentially increasing as new technologies
and new data types are introduced. The advent of 3D documentation especially,
necessitates preparations for a much broader display of data types and spatial
representations.
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2.3.4 The dynamics of spatial data

Looking back at traditional analogue field recording we may conclude that it
generally fails to recognise or address the dynamics of spatial data. It is in fact a
fragmented methodology, as traditional documentation principles were historically
often based on field diaries, which used anecdotal approaches to document every
minute detail concerning the progress of an excavation. In fact, we are dealing
with a set of ideals for documentation, aimed at collecting the evidence to cre-
ate a single, final interpretation - much in line with the ideals of single context
planning. Consequently, the output of such strategies is characterised by rather
static drawings based on an archaeologist’s interpretation, not accommodating the
subjective nature of a drawing and re-interpretation of such data. Instead they
are considered a trustworthy representation of the observed.

Digital spatial data is distinctly different in many aspects. Firstly, it is more
elaborate in its ability to balance the observation-proximate or photographic ev-
idence against the archaeological interpretations. The differences are also closely
related to the excavation methodology and workflow; how data is created in the
first place and whether or not data is born digital or derived from other sources.
In that respect, digital spatial data is extremely dynamic and derivative, and is
often represented by fragmentary parts, which go into one or more adaptable com-
posites to visualise a hypothesis. Much of the challenge lies in documenting this
process, from data creation to post-processing, and handling how data, as well as
hypotheses, develop over time. This of course, necessitates far more consistency,
adherence to best practices and specialised skills.

Paradoxically, regardless of how fundamental it is to archaeological documenta-
tion, spatial recording was not always considered solely the task of an archaeologist.
On the contrary, it was often considered sufficiently complex that it justified or
even depended on the work of specialists. This usually included architects, pro-
fessional land surveyors and map makers. The technological developments of field
recording affected this pattern by making, for example, global navigation satellite
systems and total stations more easily available and integrated with the digital
tools used. Although things are rapidly changing, it is still often considered a
specialist job to be able to handle surveying equipment or even GIS and CAD
software, and perhaps even more so with the evolving technologies of digital pho-
togrammetry and 3D recording. This has the potential to detach spatial data from
the 'real” archaeologist, depending on how and where the interpretation phase is
implemented. It also affects the post-processing, where fully exploiting the poten-
tial of the spatial record may boil down to the exchange of technical skills. As a
consequence, two comparable methodological approaches have been put forward
that address and support the formalisation of an ongoing flexible process of inter-
pretation, and which act as a guide for the fieldwork as well as the generation of
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Figure 2.4: (VIDEO) The advent of DGPS systems meant that field recording could be done
faster. Spatial data was 'born digital’ and not derived from hand drawings. Ilustration based
on data from the Jelling Project (Nielsen 2015; Holst et al. 2013).
https://vimeo.com/257346525/3bc202e8bf

the spatial record: the Reflexive method by Ian Hodder (1997; 1999; 2000) and
Martin Carver’s evaluative archaeology (2003; 2009).

2.3.5 Spatial data ’born digital’

From a practical-technical point of view, one development more than any other
has had a profound impact on digital spatial recording. The advent of centimetre
precision Differential GPS (DGPS or RTK GNSS) revolutionised how we go about
fieldwork — not least when viewed in the context of rescue archaeology (Figure
4). By its very definition, rescue archaeology is a matter of recording and doc-
umenting, usually ahead of some new construction that would otherwise destroy
any archaeological remains. The process of working against the clock and within
tight budgets is what makes up the bulk of archaeology today — not only in Den-
mark and the UK, but in most European countries where contract archaeology is
a consequence of the ratification of the Valetta Convention for the protection of
the archaeological heritage (Kristiansen 2009).

In Denmark, most excavations take place in rural areas by means of initial trial
trenches followed by full excavation. The GPS was quickly accepted as a tool for
doing fast and efficient recording, effectively drawing vectors by ’connecting the
dots’ of sequential measurements. The adoption of GPS provides an example of the
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(unintentional) standardisation of spatial recording related to implementation of
new technologies. Danish archaeology is overseen by the Agency for Culture, and
excavation activities are distributed among a number of local museums, each re-
sponsible for their region. Apart from some general guidelines regarding reporting,
museums act as autonomous units, with methodologies varying according to tra-
ditions and excavators. GPS equipment has become a convenient household item
at every museum, and through the development of ArkDigi (ArkDigi/MapDigi)
for converting measurements into discrete objects (polygons and points) and the
endorsement by the Agency for Culture of Maplnfo as a GIS platform in 1998,
these tools combined to form the ’standard way’ of doing rescue archaeology. The
positive side of this was of course the inadvertent normalisation of methodolog-
ical practices. Naturally, it was also met with some opposition, as the quality
of spatial data started to decline (Precht 2007). It became increasingly easy to
do bad archaeology, reliance on poor-quality measurements sometimes leading to
over-simplified recordings characterised by unrecognisable edged or circular draw-
ings of features. Parallel to these developments, the focus on data management
and analytical post-processing of excavation data by Andresen and Madsen led to
excavation management systems, although not explicitly including the direct link
to spatial data or GIS (Andresen and Madsen 1996a; 1996b; Madsen 2003). Unfor-
tunately, these systems were never implemented on a larger scale, but succeeded
in illustrating the challenges of data management when excavation data become
digital and more dynamic.

Paradoxically, having the exact geographic position and being able to display a
position and general classification on a map eventually became the accessible dig-
ital outcome for Danish archaeology. To some extent, this can be seen as a direct
consequence of the 1984 inauguration and following developments of The Cultural
Historical Central Register or the Danish National Record of Sites and Monu-
ments (DKC) (Christoffersen 1992; Hansen 1992). Over the years DKC evolved
as an administrative tool in cultural resource management, and archaeologists saw
their work reduced to a dot on a map with only the most basic information, while
there was no centralised place to store GIS data and basically no incentive to do
complex spatial recording. In the period from 1984 to 2001, DKC was, however, ac-
companied by an annual journal of excavation abstracts alongside methodological
papers ’Arkaologiske Udgravninger i Danmark/AUD’ (Det Arkeeologiske Naevn
1984-2001). This combination offered an accessible annual overview of excavations
and their outcome, as well as sustained the exchange of methodological ideas.

The fact that a central database was never developed to accept spatial data led
the individual museums to invoke their own ’standards’ for storing and organising
the vast amount of GIS data, usually related to the rest of the textual documen-
tation only by corresponding feature numbers. The grass-root movement of MUD
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(The Excavation Database of the Museums), which is a privately funded initiative
supported by almost all the archaeological museums in Denmark, exemplifies the
need to organise excavation data, but unfortunately still lacks the integration of
spatial data (MUD 2014).

Archaeology in Denmark is still affected by the inherent problems of handling
spatial data when it becomes digital. The fact that GIS and CAD were introduced
at a time before it was considered a viable solution to use web strategies for
organising and storing data meant storing spatial data in a file system. Anyone
who has worked with the proprietary file formats of the leading commercial GIS
suites like MapInfo and ArcGIS know that each map layer is represented by not
only one file (.tab, .shp, etc.), but a handful or more additional files, often leading
to hundreds if not thousands of interdependent files that are a challenge to handle
consistently. It is, however, also related to the level of preparedness to respond to
new technologies by rethinking existing methodologies.

By contrast, in the UK commercial archaeology has influenced digital and
methodological developments in other ways (Everill 2012). Although the compet-
itive element can be criticised for risking the devaluation of archaeology by letting
the cheapest tender offer win the contract, on the other hand, the commitment
to compete results in an incentive to try out quicker, more efficient and by all in-
tents and purposes better and more flexible approaches (Everill 2012; Kristiansen
2009). In this day and age such solutions are often digital. The incentive to do
faster and more efficient documentation within rescue archaeology is common, but
in one key aspect the two countries differ. Where the Danish museum archaeology
tends to work towards one, albeit only basic and mostly textual, central recording
of sites and monuments, the different UK excavating institutions have more or less
developed their own tools and frameworks for integrated documentation. Interest-
ingly, online public dissemination and accessibility appear to play a significantly
larger role in UK archaeology, and is usually a key aspect to the different recording
systems.

Beyond commercial archaeology, digital documentation in the UK was pio-
neered as long ago as the early 1980s through research projects like the Heslerton
Parish Project (Powlesland 1998). The comparably longer tradition and more (suc-
cessful) extensive use of remote sensing and geophysical survey probably expedited
the development of techniques for handling a wide array of spatial representations
(e.g. geophysical raster representation) and Powlesland and May further extended
the integration and testing of new technologies for field recording through the Diglt
project (Powlesland et al. 2006, Powlesland and May 2010).

2.3.6 Digital documentation frameworks

One of the most prominent examples of a UK recording system, which also
had its beginning in the 1980s, is the Integrated Archaeological Database (IADB),
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originally developed by Stead and Clark at the Scottish Urban Archaeological Trust
(Stead 1988). The development was later taken up by Rains who brought it to the
York Archaeological Trust in the late 1990s. With the retirement of Rains its future
is uncertain, but it is currently in use by many universities and commercial units.
What made TADB special was its integrated capabilities, allowing for dynamically
creating vector excavation plans alongside the textual classification.

Another example is Framework Archaeology, a collaboration between Oxford
Archaeology and Wessex Archaeology, aimed at handling the documentation from
the excavations at Heathrow and Stansted. The project-focus of how people inhab-
ited landscapes places great emphasis on interpretation in addition to recording,
and develops a historical narrative as the site is excavated (Andrews et al. 2000).
The project includes a Framework Free Viewer for Windows computers, which
allows users to investigate and browse through the archaeological documentation
deposited at the Archaeology Data Service (Framework Archaeology 2009), as well
as through a Web GIS interface (Framework Archaeology 2011; 2014).

The ARK Archaeological Recording Kit by LP Archaeology differs by being
entirely web-based, and does not require anything but a web-browser and net-
work connection, and in addition can be easily customised through its open source
architecture (PHP). Building on a spatially enabled database (MySQL) and data
management for many kinds of data, such as images, GIS data, 3D reconstructions,
sound and video, ARK is also aimed at readily sharing and publishing archaeolog-
ical data to the web (Eve and Hunt 2008).

These, in addition to other projects, illustrate the level of development of
different recording frameworks characteristic of UK archaeology. Not that such
development is in any way limited to the UK. One Scandinavian example is the
IntraSIS Intrasite Information System developed by the National Historical Mu-
seums in Sweden. Built as an extension of the capabilities of the ESRI ArcGIS
product suite, it is designed to manage and structure geographical as well as tex-
tual data, and is now in use by almost all major archaeological institutions in
Sweden, as well as the Copenhagen Museum and Historic England. Its strong im-
pact in Sweden and endorsement by Historic England for one thing demonstrates
an increasing tendency towards uniformity and homogeneity in the documentation
technologies applied.

Common to both UK and Danish archaeology is the appearance of field man-
uals that aim to ensure comparable and consistent recordings, such as the Ar-
chaeological Site Manual (Museum of London Archaeology Service 1994) and the
Danish Felthandbogen/The Field Manual (Schou Jgrgensen et al. 1980), a now-
discontinued subscription service to individual papers on methodological and tech-
nical field practice topics. In Denmark, the privately run MUD-organisation has
come to play a significant role in its efforts to develop and maintain a central
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database as well as define standards and structure for archaeological data, textual
and spatial (MUD 2014).

When it comes to digital spatial data, MUD issues general guidelines for Danish
archaeology, but they are limited to structuring and organising GIS data, primarily
how to handle the vast amounts of GPS-data in a file system. The lack of cen-
tral management of spatial data is, however, an area of real concern. The SARA
project, led by the Agency for Culture, is expected to include some degree of GIS
capabilities in a new central cultural-historical database scheduled for implemen-
tation in 2016 (Slots- og Kulturstyrelsen 2015), which may address some of these
issues.

In the UK, the establishment of the Archaeology Data Service (ADS) in 1996
has played a significant role in the development of archiving solutions for digital
data, ensuring its durability and availability (Huggett 2006). But even more so
have the series of Guides to Good Practice produced by ADS and Digital Antiquity
actually influenced and formalised standards in digital recording of archaeology
(Archaeology Data Service and Digital Antiquity 2015).

At an international level, it is worth noting the European initiatives within the
ARIADNE framework and the INSPIRE protocol, which support the development
of infrastructure between distributed datasets and provide guides for best prac-

tices as well as technical specifications for interoperability of archaeological data,
including spatial information (McKeague et al. 2012; INSPIRE; ARIADNE).

2.4 Trending Documentation Technologies - Pursuing Different Ideals

Migrating from analogue to digital excavation plans is fairly easy using GIS
and CAD as they are rather similar in style and function. At its core, all you
have to do is to scan paper plans, georeference or align them in the software and
vectorise them. The key advantage is of course the ability to seamlessly arrange and
manage layers of documentation, but vectorisation offers new ways of embedding
information into the drawn features as well. Early opponents did, however, object
to the rigidity of a system where you could no longer work with features that had
uncertain boundaries or faded into each other, and the loss of the artistic freedom
of hand drawing. This was contradicted by those who saw the opportunity to
enforce a more reflexive archaeology, giving archaeologists an incentive to search
for and recognise features more precisely. It serves very well to demonstrate how
the drawing to some extent was (and still is?) considered an aesthetic product of
the documentation rather than a scientific document. An untenable situation, if
the ideal of documentation is the aim for the most reality-proximate representation
of the observed and interpreted archaeology.
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Figure 2.5: (VIDEO) Conceptual illustration of the documentation of an archaeological exca-
vation; photo-rectification based on measured control points transforms photographs into a type
of field recording data, which may be used as basis for drawings and vectorisations. Illustration
based on data from the Jelling Project (Holst et al. 2013).
https://vimeo.com/257346544/653f44£471

2.4.1 Photogrammetry and photo rectification

Much more of a methodological challenge became evident as technological de-
velopments meant that digital photos became an easy, quick and affordable way of
documenting an excavation. The archaeological community, however, fairly early
on realised that digital photographs have to be treated differently, as they are not
directly equivalent to analogue hand drawing. Digital photos represent a new data
type. Of course, the scanning of hand drawings as a basis of digitising is a well-
known technique - but raster images in the form of photos are something different.
First of all, they have to be manipulated to be usable for documentation, rectified
(Scollar 1998; Johansen 2003) and embedded with geographic information (Figure
5). This clearly leads to some concerns as to the validity and derivative nature
of what would otherwise be considered a very objective documentation. On the
other hand, it evidently offers new possibilities of a different level of documen-
tation detail, quality and authenticity. Some excavation projects have actively
developed frameworks to combat the risk that photos could potentially shift the
archaeological focus away from interpretation, towards mere descriptive, and ba-
sically undermine the value of documentation (Berggren et al. 2015; De Reu et al.
2013; 2014; Forte et al. 2015).
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2.4.2 Real-time 3D vector documentation

Figure 2.6: (VIDEO) Conceptual illustration of the documentation of an archaeological exca-
vation; real-time 3D vector data acquisition using for example optical ranging with total station
or point tracking by radio waves through RF positioning systems. Illustration based on data
from the Alken Enge excavation (Holst et al. in press).
https://vimeo.com/257346554/1£29c9e930

Some noteworthy research has gone into retaining the characteristics of a hand
drawing by means of real-time 3D vector documentation, perhaps primarily as a
response to the overemphasis on photographic representations and the supposed
lack of interpretation or the notion of absolute objectivity (Figure 6). This has the
clear advantage of being more or less directly comparable to historic documenta-
tion — the line drawing being a well-known concept. A few commercial products
have emerged, such as the Digital Laser Pantograph by ArcTron Ltd, Termite for
Rhino3D and Nikon iSpace (Schaich 2010; Hyttel 2012; Avern and Franssens 2012).
Although their technological approaches are different, combining mechanical and
optical techniques, the outcome is basically a conversion of consecutive 3D mea-
surements of the positioning of a probe or a 'pencil’ in 3D space into 3D polylines
real-time, instantly resulting in a visualisation on a connected laptop computer
or tablet, which is not that different from DGPS. Although the notion of sup-
porting the reflexive and interpretative incentive is sound, and it works really well
on flat surfaces and walls, it is not an all-round solution. Most 3D objects, such
as standing structures, especially if they are not rectangular, are very difficult to
translate into a 3D vector without subjecting some kind of projected view, which
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unfortunately brings us straight back to the projected 2D drawing. It does have
the advantage of interfacing directly with GIS or CAD, and is born digital and
integrated, and from a data collecting and documentation point of view — more
data are usually better. In this case, however, there are challenges in using these
methods for recording interpretations as well as observations.

2.4.3 3D Laser scanning

The technological development of total station theodolites has made them in-
creasingly faster and easier to operate, and they have become an important asset
to archaeological field recording in situations where sub-centimetre precision is re-
quired; something that DGPS currently does not provide. Operating by combin-
ing very precise vertical and horizontal angle measurements with infrared distance
measurement, between the instrument and a reflective prism, it provides real-time
calculation and logging of points in a three-dimensional local or global coordinate
system, and often integrates with DGPS systems. The automation and advance-
ment of reflector-less measuring is, however, breaking down the divide between
total station and dedicated laser scanners, and both are able to produce 3D point
clouds

Figure 2.7: (VIDEO) Conceptual illustration of the documentation of an archaeological exca-
vation; generating 3D point clouds by 3D scanner. Illustration based on data from the Alken
Enge excavation (Holst et al. in press).

https://vimeo.com/257346558/e£06568e06
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A 3D scanner usually involves a laser beam for measuring distances, produc-
ing a point cloud with a density defined by the angular distance between each
measurement. This will often result in hundreds of thousands if not millions of
3D points in a point cloud, and is usually ideal for either detailed recording of
architectural features and entire buildings or minute artefact details (Figure 7).
It does, however, suffer from line-of-site issues, and usually requires several geo-
referenced setups to cover all obstructed areas. It does, however, not integrate
well with line-drawing and interpretation, but acts as an observation-proximate
snapshot (English Heritage 2011).

2.4.4 Structure from Motion and Range Imaging

Figure 2.8: (VIDEO) Conceptual illustration of the documentation of an archaeological exca-
vation; generating 3D textured meshes by Structure from Motion. Illustration based on data
from the Alken Enge excavation (Holst et al. in press).
https://vimeo.com/257346569/41b78ea3ca

At present, an increasing array of techniques exists that allow easy, digital,
spatial 3D representations of objects or entire scenarios. Some of the more promi-
nent examples are the different photogrammetric techniques - especially Structure
from Motion (SFM) (Wu 2011; 2013; Agisoft). SFM allows the creation of highly
detailed 3D models based on photos alone, and is currently seen as a cheaper,
faster and more flexible alternative to 3D scans, using dedicated 3D scanners (De
Reu et al. 2013; 2014; Ducke et al. 2011; Koutsoudis et al. 2014; Pollefeys et al.
2001; Berggren et al. 2015; Powlesland 2014) . The technology is based on the
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discipline of range imaging and basically works by principle of parallax. Several
photos of an object or a scene, taken from different angles, are automatically com-
pared and matched two-and-two by similar feature-points to calculate the camera
movement between individual photos and combined to a position in an arbitrary
three-dimensional frame of reference. In turn the 3D positions of individual points
are calculated, and potentially georeferenced from fix points in the photos (Figure
8). In its most basic form, the output of the method is a point cloud of 3D points,
in essence comparable to the output of a laser scanner. However, the similarities
end with the fact that the data output usually includes colour or even bitmap
texture information, and that an entire scene is covered in one relatively quick
photo session. The time it takes for a computer to calculate the 3D model poses
a problem regarding a seamless integration with field recording, as it is likely to
introduce a bottleneck in the workflow, caused by waiting for a result before the
excavation can continue. It is, however, something that may be addressed through
distributed and high-performance computing (Stott et al. in press). Different soft-
ware, such as Agisoft Photoscan or Meshlab additionally allow for the generation
of detailed meshes that are either coloured by vertex or texture mapped by face.
Finally, perspective distortions (Escher effects) that would normally arise from
ordinary photogrammetric rectification of not perfectly flat surfaces, are overcome
using SFM to create orthophotos, which tie in nicely with usual archaeological 2D
documentation.

2.4.5 1Ideals of archaeological documentation

From the point of having created our primary spatial documentation, using any
of the technologies above, we arrive at the challenges of integrating it alongside our
textual classification data. Common to the data produced by these technologies
is the very derivative and generalised nature. As illustrated above, an increas-
ing array of digital recording frameworks exist, which support different levels of
spatial integration (Figure 9). One aspect is, however, apparent in all these so-
lutions: that methodological traditions and technological advances are not easily
combined. One key aspect, which is commonly only addressed to some extent, is
the revision of what the ideal of archaeological documentation is, and what the
actual end-product of our archaeological excavation is supposed to be. Take for
instance SFM-generated, highly detailed 3D models with perhaps millions of ver-
tices and high resolution textures, which are often essentially reduced to rectified
orthophotos for vectorisation, as equivalent to a drawing, effectively disregarding
the high level of spatial and geometric information inherent in a 3D point cloud or
mesh. We choose to reduce data to something we know how to handle. The data
representation in 3D documentation is so vastly different and complex that it is
currently next to impossible to compare to older excavation data, if not somehow
transformed into something that is 'backwards compatible’. It is difficult to justify
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only looking ahead and focusing on new technologies without taking proper care
to bring the past documentation up to speed. This is not just because archaeology,
by definition, is focused on the past. Already many resources have gone into digi-
tising and vectorising old excavation documentation, and the prospect of having
to do it over to bring it up to a comparable standard with 3D documentation -
if at all possible - may appear as a futile attempt at keeping archaic spatial data
alive, again and again.

The fact is that spatial data that is born digital tends to be very derivative.
It is shaped by a series of generalisations brought on by new methods and post-
processing techniques, which produce a primary source material based on calcu-
lations and estimations we have very little knowledge about. A paradox, which
relates to a profound lack of metadata and particularly paradata associated with
the creation of our digital spatial data.

2.5 Moving Towards 3D: Challenges of Spatial Integration

3D POINTCLOUDS ORTHOPHOTOS AND GEOREFERENCED RASTERS VOXELS
TEXTURED 3D MESHES VECTOR DRAWING

Figure 2.9: (VIDEO) Different data representations. The mainstream raster and vector rep-
resentations are being supplemented by new types of primary data such as point clouds and
derived 3D meshes on one side, and voxel representation on the other. Illustration based on data
from the Alken Enge excavation (Holst et al. in press).
https://vimeo.com/257346591/3f61a79a34

2.5.1 Different ideals meeting 3D photogrammetric documentation
In dealing with the ideal of archaeological documentation, it is in part a ques-

tion of how we perceive the archaeological record and in part the issues of absence
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and incompleteness and whether ’the total record’ actually exists. This is illus-
trated by the classical controversy between Petrie, who argues for the idea of the
selective record, and Pitt Rivers’ idea of the total record with respect to the collec-
tion of archaeological evidence (Lucas 2012). On the other hand, spatial recording,
naturally, lies at the centre of both ideals, and a common limitation is what we
know as the paradox of excavation — that in order to record and document, we
destroy the primary record. This does not apply to non-invasive archaeological
prospection and remote sensing, of course. As we have seen, the recording strat-
egy is deeply rooted in traditions and in a propagating documentation ideal - be it
single context planning or schnitt/planum. In either instance, the notion of record-
ing the past should perhaps be rephrased as ’the action of recording the process
of investigating the past’. Arguably, the way we assure the value of archaeological
spatial recording, is by accounting for the documentation process; meta- and para-
data concerning the tools and the methodology applied, so that we may evaluate
its validity and authenticity.

In comparing field archaeological traditions in the UK and Denmark, the differ-
ent methodological approaches clearly relate to an ideal with consequences to our
archaeological praxis — the role that documentation plays and the requirements it
must meet. In traditional and single context archaeology, interpretation on site
is not encouraged if not including post-processual reflexivity (Hodder 1997; Lucas
2001; 2012) but focus very profoundly on a final end-product of the excavation;
a summary of the conclusions reached. Single context planning is as much an
intellectual thought process of interpretations of what took place in the past in
terms of sedimentary formations. This approach is, however, hampered by non-
sedimentary events that do not relate to human activities, like biological processes
— potentially undermining the premise for single context excavation.

The Danish excavation methodology over the course of the last decade has
seen a wide acceptance of the more arbitrary schnitt, focusing less on the use
of contexts. Instead, the excavation is considered an iterative process, by which
the collection and evaluation of spatial data, primarily 'features’, continuously im-
proves and adds to the interpretation, and guides the excavation forwards. The
excavation is often primed by a research agenda similar to the one proposed by
Carver (2003; 2009) and the photogrammetric documentation is considered an
observation-proximate control of hypotheses. Instead of interpreting the archaeo-
logical record as the product of archaeological contexts, the documentation itself
becomes the framework of information, and organised by an agenda of visualisa-
tion. This is particularly clear from excavations by Aarhus University in the period
2002-2016 at sites such as Skelhgj, Jelling and Alken Enge (Holst et al. 2013; Holst
& Rasmussen 2013; Jessen et al. 2011; Holst et al. 2018). In targeting an illus-
tration — in fact planning our documentation during the excavation on the basis
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of how we expect to be illustrating our results in the final report - the excavation
is continuously being evaluated and the hypothesis is constantly questioned. As
a consequence, a reconceptualisation of the basic documentation units is needed
to dynamically support the iterative process and accommodate new spatial data
both during the excavation and in post-processing. Basically, this means building
the documentation from a series of data collections and documentation events, es-
sentially recording the timeline of the documentation and interpretation process,
rather than basing it on archaeological contexts (Jensen 2012).

As a comparison, the UK principle of single context recording actually fits well
with the possibilities of photogrammetric recording, building up 3D models of in-
dividual units, interfaces or surfaces. It may even be the best way of documenting,
considering that arbitrary sectioning, combined with photo-documentation, tends
to basically record the excavation strategy and the location of cuts and sections.
Individual contexts as 3D representations, on the contrary, directly reflect the ar-
chaeological record, or at least the surface of it, and much less the excavation
layout. Single context archaeology is inevitably also being challenged by the new
methods. Numerous individual contexts must be put together to create a 3D rep-
resentation; an overall picture of 'what you can see’. In fact, the ideal of reaching
a final interpretation within single context planning may be what is leading ar-
chaeology, particularly in the UK, to countless examples of visual reconstructions
and applications of visualisation technologies. From a dissemination stand point
and as an added bonus, this combines very well with the elaborate traditions of
public outreach within British archaeology.

Interestingly, the two methodologies appear to approach each other and con-
verge in dealing with the ideals of how we want to use the collected spatial data.
Both focus on the ability to work with arbitrary surfaces; it is how both define their
basic units of documentation. The main difference lies in whether the surfaces are
actual physical entities or derived from visualisations or interpretations. Danish
arbitrary surfaces will usually constitute physical sections or schnitt, which are
available for scrutiny both during excavation and through observational, photo-
graphical documentation. The same section - or any other - could be constructed
post-excavation in a single context excavation from the collected context plans,
although based on the interpreted contexts as the primary evidence.

Arbitrary surfaces may be thought of as the middle ground of documenta-
tion principles, where single context planning and strict stratigraphical approaches
meet the arbitrary pragmatic sectioning of features. In combination with 3D doc-
umentation, a less rigorous approach to single context recording is possible, as
stratigraphical information is embedded within the model, through the absolute
recording of elevation in a 3D-model. At the same time, arbitrary surfaces are very
distracting to three-dimensional recording, as they tend to depict the layout of the
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excavation rather than the actual archaeological features or contexts. On the other
hand, 3D-recording of physical, arbitrary surfaces inherently delivers some of the
stratigraphical information that might otherwise be neglected in a large, open-area
excavation conducted through arbitrary sectioning.

2.5.2 Was GIS or CAD the right choice all along?

Related to the ideals of digital archaeological documentation, whether we are
talking about single context planning or schnitt, we are in fact dealing with a
common basic assumption; that GIS or CAD delivers what we need in terms of
vector-representation and raster management of observations and interpretations
in archaeological recording. What is perhaps not immediately recognised is that
the tools and software in question were developed alongside the archaeological
methodologies during the 1980s and 1990, and that the tools in fact helped shape
our methodology. This is, however, also what to expect, working with the available
tools.

Today GIS can be considered the standard for archaeological spatial recording
(Wheatley and Gillings 2002; Conolly and Lake 2006), but in fact it is hardly ever
questioned and it is actually debateable whether GIS or CAD was the right choice
for archaeology all along, and if it really deserves the wide acceptance we see to-
day. GIS and CAD of course demonstrate some unique capabilities. For example
the ability to make our spatial data ’globally aware’ and to fit it into a broader,
geographic and landscape-analytical perspective, combined with the collective rep-
resentation of layers, which fits very well into the framework of stratigraphical or
single context archaeology. But it comes at a cost. Fundamental to archaeological
field methods is an ongoing struggle with the abstraction of transforming the inter-
pretation of a three-dimensional world onto a two-dimensional surface, be it paper
or computer screen. GIS has until very recently had problems representing true 3D
in a way that actually corresponds to how our field methods operate. Everything
is represented as a topside projection onto a geographic model. Since archaeology
is not only about getting an overview map, but actually often a matter of extract-
ing information from a three-dimensional representation, GIS never quite seems to
solve that. From the perspective of an open-area site with perhaps thousands of
postholes, especially one in Denmark, where the focus is on box-cut, one cannot
ignore how much work is going into describing and correlating vertical sections
or profiles, but how little it actually integrates into the standard GIS representa-
tion. Traditionally plane and section, horizontal and vertical documentation are
managed separately, and only brought together through post-processing and setup
of combined illustrations. The fact is, our traditional excavation methodology is
based on two-dimensional units, documented in a vertical or horizontal plane. In
that regard, the norm of documentation - regardless of methodological traditions
- is the abstraction of a 3D spatial representation comprised of 2D fragments. We
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Figure 2.10: Conceptual illustration of how the Danish excavation methods could gain from
a system that allows 3D georeferencing of individual 2D fragments. Illustration based on data
from the Jelling Project (Holst et al. 2013).

would see georeferenced plan drawings with vertical section drawings (raster or
vector) detached and in an arbitrary two-dimensional coordinate system.

In this scenario, what GIS does not deliver is the ability to essentially georef-
erence rasters and vectors in 3D. Currently, different workarounds are employed
to convey the appearance of vertical sections in, for example, ArcScene, but it
is not straightforward (Katsianis et al. 2006; 2008; Forte et al. 2015; Berggren
et al. 2015; Landeschi et al. 2016). Usually, a raster image is georeferenced by
defining the world coordinate of the top-left corner of the image, along with pixel
size and rotation in relation to a world coordinate system. In fact, although not
in use, the GeoTIFF specifications include x, y and z coordinates ’in anticipation
of future support for 3D digital elevation models and vertical coordinate system’
(Ritter and Ruth 2000). An archaeological information system that would al-
low for defining translation and rotation (origin, scale and three rotational axes)
would effectively allow us to raise our two-dimensional sections (raster or vector)
and integrate horizontal and vertical plans in a flexible visual representation that
supports our current and historical excavation methodology (Figure 10)

As mentioned, the hand drawn excavation plan translates extremely well to
a digital vector equivalent, which is fundamental to GIS and CAD. This direct
conceptual correlation has undoubtedly helped accelerate the migration to GIS
and CAD, and in combination with the possibilities of assigning attributes and
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performing analyses on vector representations, it has proven to be a very powerful
tool. But is it possible that adhering to the concept of line drawing using vectori-
sation, and focusing on the use of GIS and CAD, is actually what has impeded
the full integration of spatial data in the archaeological documentation, especially
in the context of 3D documentation?

To most archaeologists, the line drawing is what separates mere descriptive
observation from actual, interpretative or reflexive documentation, and removing
it would undermine the value of documentation (Berggren et al. 2015; De Reuet
al. 2013; 2014; Forte et al. 2015; Hodder 1997; 2000). But is it a necessary element
of digital documentation, or a product of misconceptualised digital migration? It
is worth considering if vector representation is actually how we want to use 3D
models, or if it is just what current GIS solutions allow us to do.

The biggest challenge in using 3D documentation is how to do so on its own
merits and not by reference to traditional 2D line drawing. This cannot be under-
stated. We also need to learn how to effectively work with 3D polygons, if that is
the goal, and deal with the way GIS uses projection and interpolation to conform
vectors to 3D mesh surfaces.

2.5.3 Addressing the challenges of digital spatial integration

The matter of workflow has become an important issue in archaeological field
work. Technology increasingly acts to structure the framework and activities that
take place during field recording (De Reu et al. 2014; Berggren et al. 2015), but
as we have seen above, the challenges of spatial data management must also be
addressed. Since 2009, the ’3D-Digging at Catalhoytlik’ project has explored nu-
merous techniques for 3D recording of the excavations at this important Neolithic
site in Turkey, and it is one of the best documented examples of how complex
spatial data may be integrated both in terms of recording and managing 3D struc-
tures (Forte 2014). Other projects have demonstrated how 3D models may be
subjected to visual analysis within GIS environments (Katsianis et al. 2006; 2008;
Landeschi et al. 2016). It is understandable, why these developments are taking
place within GIS frameworks, as it is most likely due to the trending convergence of
functionalities related to 3D. The dividing lines between GIS and CAD are becom-
ing increasingly diffuse, as each continuously add functionalities from the other.
AutoDesk has, for example, issued numerous 3D and GIS enabled variants of their
CAD-suite including AutoCAD Map 3D, which, as the name implies, seeks to fulfil
the needs of 3D map-making. ESRIs flagship ArcGIS has developed to include the
ArcScene application and its latest version of ArcGIS Pro supports the integration
of 3D point clouds, meshes and 3D polygons together with its native data man-
agement capabilities. Even dedicated 3D modelling software such as AutoDesk
3D Studio Max 2015 is now supporting point clouds as a native geometry type,
emphasising the link to real-world 3D recorded objects. Central to this develop-
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ment are also several freeware or open source projects like Meshlab, which provide
the interoperability and processing capabilities needed to use 3D data efficiently.
From a data management perspective, development of the ADS 3D Viewer will
provide visualisation capabilities and integrate with archived archaeological 3D
data (Galeazzi 2014).

The application of 3D GIS at Catalhoyiik is currently relying on ArcScene
for the management of different 3D documentation objects, units or layers to
visualise stratigraphy, combined with 3D vectorisation of the interpreted contexts
and features. These polygons can then be extruded to model the 3D interpretation
as solid objects, and more clearly visualise building elements (Berggren et al. 2015;
Forte 2014; Forte et al. 2015). The shortcomings of relying on GIS as the technical
platform is, however, again manifested in the way ArcScene handles vectors. Like
ordinary GIS, ArcScene is based on a principle of projecting and interpolating
vectors, but in this case not onto a geographical geodesic model like a sphere or
cylinder, but onto a mesh surface. Depending on the resolution of the surface
model and numbers of vertices in the vector, it will only be able to conform to the
surface to a certain degree, leading to lines and polygons that either float above
or intersect with the mesh (Dell’Unto 2014; Kimball 2016). This raises a question
of the value of continued use of vector geometries as conveyors of archaeological
classification, when in reality they are limited to the quality of the underlying
mesh and the interpolation and projection algorithms used by the software.

If we are to fully exploit the rich detail of 3D documentation we must adapt to
the premise of new datatypes such as point clouds and meshes. In effect we need
the ability to directly classify these types of data according to our interpretation
(Wulff and Koch 2012). This allows us to work with data in a completely different
manner. It is actually straightforward to do a simple classification of, for instance,
a point cloud or a mesh from a vector drawing by simply projecting the two data
types onto a plane, and execute a point-in-polygon algorithm (see Figure 11).

An important issue is, however, the lack of systems that meet archaeological
criteria regarding visual representation of vertical and horizontal, integrated with
data management and strong semantic data models. A system that combines
an incredible range of scale, from representations of the smallest things such as
samples of pollen and individual pieces of charcoal, through to artefacts, features
and buildings as well as intra-site spatial distributions. GIS, for example, often
lacks the full data management capabilities needed when we want to represent a
complex hierarchical archaeological data structure. Data management support is
virtually absent in other types of spatial management systems, such as dedicated
3D-modelling software and to some extend CAD, and it very clearly accounts for
the need to apply and even develop specialised management systems, as we have
seen for example with IADB. Understandably, there is much focus on these tech-
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Figure 2.11: (VIDEO) Conceptual illustration of how classification of point clouds and meshes
could be done. Also demonstrating preview of online web 3D viewer, which supports selection of
classified 3D meshes (in development by the author). Illustration based on data from the Alken
Enge excavation (Holst et al. in press).

https://vimeo.com/257346594/916ab57e8f

nical issues related to new methods of spatial recording, and it is easy to blame
technology and lack of tools that fit the archaeological workflow, but in fact it
is only half the problem. It is arguably equally as much an issue of lack of con-
ceptualisation of new types of data in the documentation process and to a large
extent a matter of neglecting to conceptualise archaeological methodology onto
new digital approaches. As drawing conventions are necessary to communicate
our interpretations consistently in a 2D framework (Roskams 2001, 136) , so are
conventions or conceptualisations of the 3D recording. We need a migration of an
analogue frame of conceptualisations into a digital equivalent, and technical solu-
tions that combine our textual and interpretational data and spatial data, taking
into account the dynamics and heterogeneity of new types of spatial data; GPS-
measurements, photogrammetric techniques, vectors, rasters, 3D point clouds and
meshes. Tools such as "X-bones’ (Isaksen et al. 2008), which was actually devel-
oped a relatively long time ago, illustrate how it is possible to transform spatial
data into a visual representation and embed semantic information, in this case for
the analysis of human bones. Excavation projects in northern Greece have also
demonstrated how it is possible to extend existing GIS systems and use ArcScene
as a framework to include all aspects of spatial, conceptual and semantic informa-
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Figure 2.12: (VIDEO) Conceptual illustration of how voxels may be used for representing
volumes of archaeological context rather than surfaces. Illustration based on data from the
Alken Enge excavation (Holst et al. in press).
https://vimeo.com/257346617/af0b79d441

tion, such as excavation units, contexts, rasters and vectors, and even advanced
3D symbology (Katsianis et al. 2008). Looking beyond archaeology towards other
disciplines such as chemistry or medicine, we find that 3D visualisation of seman-
tic information is something that has been worked on for years, and which with
modifications could be applied to archaeology (Hanwell et al. 2012).

To fully exploit the semantic, analytical and data management capabilities of
3D documentation within archaeology, we must be open to other types of data
representations as well, which may not necessarily fit into our usual concepts of
observation and interpretation, but act as a hybrid. One such hybrid, which is
actually also a hybrid of raster and vector representations, is the voxel model
— or volume pixels. It has previously been extensively used in medicine as the
framework of visualising MRI scans, but has also found its way to archaeology,
especially through the extensions available for open source Grass GIS (Orengo
2013; Lieberwirth 2008a; 2008b; Bezzi et al. 2006). It is potentially less abstract
and conceptually much more in correlation with our physical object, which is
probably why voxels have also been widely used for data from ground-penetrating
radar (GPR) — in fact blurring the lines between above/below ground archaeology
(Leckebusch 2003).
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In 3D printing, physical voxels can be different shapes and sizes (see Beale
and Reilly this issue). When working with volume pixels in the context of 3D
visualisation (Figure 12), we must also choose a level of generalisation - the size of
each little cube - depending on the size and amount of detail in our documentation.
It is then a matter of projecting and applying a 3D grid to our 3D point clouds,
effectively merging and splitting everything into neighbouring cubes. Voxels have
several advantages over a point cloud or a complex 3D mesh. First of all, depending
on the size of the grid, it reduces the data amount significantly. Instead of recording
x, y and z coordinates, the relative position in the grid and an ID is sufficient.
Additionally, voxels can be stored as a sequence or stack of raster images or slices.
Handling large amounts of image-data very quickly and efficiently and maybe even
compressing it is something computers do very well. The voxels can even inherit
the classifications and semantic information from our vectorisations, allowing us
to do spatial analyses and easily perform arbitrary cross-sections, as we are no
longer dealing with simple surfaces, as in a mesh, but actually have some depth
and volume to work with.

In terms of documentation ideals, only time will tell to what extend new spa-
tial data representations such as voxels will affect archaeological methodology. It
could very well be a game-changer, as it is conceptually totally different from
our usual approaches. Instead of identifying and working with borders, surfaces
and interfaces, we would actually be working with the volumes of ’stuft’, allow-
ing interpolation of layers and contexts between sections, and in effect changing
the paradigm of documentation ideals. At the same time it could help to break
down the separation between sensory data such as geophysical surveys and archae-
ological observations and interpretations. This, however, still requires work into
technologies and excavation methods that provide effective means of acquiring the
necessary spatial data.

2.6 The Dichotomies of British and Danish Archaeology

Regarding the dichotomies of archaeology in Denmark and the UK, this article
has presented some of the key differences between the two geographic areas, in part
attributed to the historical legacy, political agenda and heritage management, and
method development over the course of a century of field archaeology. To this day,
many Danish archaeologists would characterise British field methodology and ad-
herence to single context planning as dogmatic rather than by design, and hardly
seen as versatile tool. As Carver (2011, 22) states regarding single context plan-
ning: 'How strange, then, that for all this evangelical reverence, the package still
remains confined to a rather narrow base, both ethnically (British), economically
(well-funded), and typologically (urban excavations)’. There is no doubt that the
character of the sites being investigated — shallow, extensive settlements vs deeply
stratified ones — are defining for the excavation approach — as it should be. The
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right tool for the right job. This is, however, not what single context planners
advocate in their yearning for an integrated, unified discipline with common goals,
ideals and methods worldwide. In Denmark, for example, most urban excava-
tions are recorded as stratigraphic excavations rather than by strict single context
planning, which as a recording method is arguably much more versatile (Carver
2011).

Apart from the dogmatic and typologically determined methodology, there is
a valid point in seeing the convergence of CAD and single context planning as mu-
tually influential on how single context planning developed, and how technology
to some extent became defining for a recording ideal based in part on technologi-
cal preconditions. Excavation plans become split into individual two-dimensional
horizontal objects, stacked with only a context number as reference. On the other
hand, GIS with its lack of native 3D support yet superior handling of attributed
classification data, affected how settlement archaeology developed, but also deliv-
ers a digital documentation legacy of detached vertical and horizontal plans.

2.7 Conclusion

The advances in archaeological field documentation have, among other things,
been described as a prelude to a paradigm shift in a scientific revolution (Kris-
tiansen 2014). This equally applies when we address the consequences of new data
types and new methodologies in archaeology. New questions and concerns are in-
evitably raised; is archaeology at a threshold, at risk of abandoning the traditional
interpretative and reflexive incentive, for the sake of a documentation that ap-
pears to correspond more closely to the observed 'truth’? From a technical point
of view, how do we even handle and integrate digital representations of reality
and interpretation, which differ profoundly from what traditional archaeological
documentation is based on? Do new spatial recording technologies and meth-
ods potentially solve or further complicate existing issues, with parallel tracks of
fragmented and detached spatial and textual documentation.

Despite having undergone a decade-long digital transformation, much of the
archaeological documentation we see today is based on the same basic principles
and, generally speaking, a direct migration of the traditional, analogue recording
techniques to a digital equivalent. Arguably, new technologies are being applied to
the existing methodologies with very little focus on re-defining what we actually
want to do with our spatial data. Adaptation is rarely done in a particularly
coherent way and data are often reduced to fit within the archaic framework of
archaeological concepts. Furthermore, the adherence to the use of line drawing is
potentially what is currently deferring an actual paradigm shift in the development
of field- and documentation methodology.

Addressing these issues from the point of different methodological traditions
and corresponding ideals of documentation, this article has demonstrated that
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3D documentation techniques are indeed increasingly accepted and applied de-
spite limitations to the technical frameworks such as GIS or CAD. Even more
interesting is the potential of Structure from Motion and similar techniques for
archaeological field recording. It may constitute a new methodological framework,
bridging the gap between different field archaeological traditions; a middle ground
of documentation principles, where single context planning and strict stratigraph-
ical approaches meet the arbitrary pragmatic geometric sectioning of features.

Although different methodological approaches clearly relate to an ideal with
consequences for our archaeological praxis, excavation and documentation method-
ologies are not necessarily restricted or determined by the available technology.
Most importantly, modern archaeology tends to be sufficiently open-minded and
in support of the continued experimentation that is required to manage new and
different methods for data acquisition and spatial documentation and representa-
tion.

There is one thing the willingness to test out 3D documentation has shown
us — that the propagating ideal of field recording is prepared for change, and not
limited to what GIS and CAD allows us to do. We strive for something more, and
the technological limits and boundaries of imagination are continually pushed in
that direction.
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Evaluating Authenticity
Authenticity of 3D Models in
Archaeological Field Documentation

Jensen, P. (2018) in: Di Giuseppantonio Di Franco, P., Galeazzi, F.; Vassalo,
V. (eds.) Authenticity and Cultural Heritage in the Age of 3D Digital
Reproductions. McDonald Institute Seminar Series (Cambridge University
Press)

Abstract: 3D documentation advocates for a new workflow with a more 3-
dimensional reasoning, allowing for the utilisation of 3D as a tool for continuous
progress planning and evaluation of an excavation and its results. Similarly to the
general use of models to form hypotheses, it is possible to use 3D models as spatial
hypotheses of ongoing excavations. This allows a spatial conceptualisation of a hy-
pothesis as a virtual reconstruction, and to combine it with an increasingly detailed
and photo-realistic image-based 3D recording.

Instead of relying on seemingly arbitrary levels of ‘trustworthiness’ or ‘related to fact’
this chapter proposes a re-conceptualisation of the authenticity concept. Not used
for evaluating if objects and replicas are authentic or not, but applied as a measure
of documentation quality - ‘how effected by interpretation are our observations - and
how open are they for reinterpretation?’, and not least ‘how was our documentation
created in the first place?’

To interpret and visualise through 3D modelling requires strict guidelines and regard
for the separation of observation and spatial hypothesis, and insurance that the
one is not mistaken for the other. In combining ‘reality data’ with ‘model data’,
evaluating the level of authenticity becomes paramount to the quality of excavation
documentation.

Authenticity may be used as a concept and as a tool in the archaeological docu-
mentation workflow allowing us to augment the scientific quality of excavation data.
This chapter presents an approach to integrating this new level of documentation
detail into excavations through conceptualising levels of generalisation and authen-
ticity.




Approaching Reality

3.1 Introduction

The use of photorealistic and photogrammetric techniques to create 3D models
of excavations is increasingly becoming an accepted approach to documentation
practice in field archaeology. Whilst archaeologist seem happy to embrace new
technologies for field documentation they tend to use them, either for traditional
recording purposes (such as computer-aided drawing), or by letting technology dic-
tate the documentation outcomes, for example, by creating interactive 3D models,
which are incompatible with traditional means of documentation. Paradoxically,
the use of 3D visualisation in archaeology is neither a relatively recent or sudden
phenomenon (Reilly 1988, 1992). The advent of 3D representations as archae-
ological documentation characterises a departure from the conventional spatial
abstraction of a 3-dimensional world to a 2-dimensional piece of paper. As a con-
sequence, the basic epistemological foundations for archaeological recording are
affected, calling for a revision of not only the general workflow of excavations,
but a re-evaluation of those dichotomies inherent to field archaeology, such as
that between observation and interpretation. With 3D documentation, we are in-
creasingly dealing with photorealistic representations of archaeological excavations,
and the time, place and basis for archaeological interpretation is changing. The
far-reaching consequences touch upon core dichotomies of archaeological science,
where particularly the polarisation of objectivity and subjectivity has affected ar-
chaeological thinking for the better half of a century (Kristiansen & Rowlands
2005, Shanks & Tilley 1987). However, as stated by Shanks and Tilley (1987):
“Archaeological theory and practice as labour in the present completely transcend
this artificial division, labour which draws past and present into a fresh perspec-
tive, a perspective which serves to rearticulate their relationship”. In this regard,
accepting 3-dimensional photorealistic documentation also means accepting that
it is not free of bias. To an extent, the ideal of objective truth through empirical
falsification (Popper 1959), reproducibility, and testability set forth by the scien-
tific method is hindered by the destructive nature of the archaeological excavation
and the derivative nature of the archaeological documentation.

In this chapter, the term reality-proximate is used to describe the creation of
photorealistic representations of the observation event, taking into account the
limitations of detail, and distancing the visual replication from a notion of objec-
tive recording. Rather than focusing on objectivity and subjectivity, this chapter
will discuss the dichotomy between observation and interpretation in archaeology
in the light of the new paradigm of 3D photogrammetric documentation, and it
proposes a way of managing 3D observation data alongside reconstructions and
visualisations. The excavation of three archaeological sites in Denmark; Skelhgj,
Jelling and Alken Enge, reflects the impact of technological developments on the
archaeological workflow during the last 15 years, and show how a conceptualisation
of authenticity may be applied to address the evaluation of documentation quality.
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3.2. OBSERVATION AND INTERPRETATION IN ARCHAEOLOGY

It is proposed that the use of 3D documentation encourages us to adopt a
new workflow with more 3-dimensional reasoning, allowing the utilisation of 3D
recording as a tool for the continuous monitoring of progress and evaluation of an
excavation and its results. Just as in the general use of models to form hypotheses,
it is possible to use 3D models as spatial hypotheses within an ongoing excavation.
This allows us to visually realise or spatially conceptualise our hypothesis as a
virtual reconstruction and to combine it with our observational data.

Usually our interpretation is characterised by the delineation and characteri-
sation of features and finds, be it line drawing on paper or vectorisations in GIS
or CAD, but in a 3D representation, this makes much less sense. We are actually
able to interpret and visualise through 3D modelling of a spatial hypothesis, rather
than working with lines and sketches. This in turn requires strict guidelines, and
regard for the separation of observation and spatial hypothesis, and assurance that
the one is not mistaken for the other.

Finally, this chapter presents experiences gained from combining reality data
with model data in the case of the Jelling excavations. The field-recording prin-
ciples applied accentuate the necessity of continuous evaluation of the integrity
and validity of empirical data, and illustrate how the concept of authenticity be-
comes paramount to assessing excavation documentation. This is particularly the
case when documentation is combined with 3D models and reconstructions at the
boundary between research and dissemination.

3.2 Observation and interpretation in archaeology

If there is one characteristic, more than any other, that permeates the discipline
of field archaeology, it is dichotomy. As Carver (1990:45) puts it: “Archaeologists
who work in the field suffer from split personality”. Carver obviously refers to the
conflicting traditions of field work, which diverged in the early youth of the dis-
cipline, in the 19th century. Briefly put, British archaeologists Pitt-Rivers (1887)
and later Barker (1977) were among the most prominent proponents of the em-
piricist approach, based on an idea that every minute detail matters and should
be recorded in the field, and that an archaeological site should be treated as a
system of deposits and formations processes. This is related to the processual-
ist approaches of New Archaeology (Binford & Binford 1968, Trigger 1989). On
the opposing branch, Petrie (1904) and Wheeler (1954) saw that attempting to
record every fact about everything was futile and useless without an overall goal
or research motivation, which is what inspired the structuralist and contextualist
approaches, focusing on the site as text to be read, rather than deposits to be de-
scribed. These dichotomies exist to this day, albeit they are converging, perhaps
not least due to developments in technology. Lucas (2001:10) points to the fact
that field archaeology by the 1870s was characterised by “experience, presence in
the field, as a critical guarantor of scientific validity”. Incidentally, the advent
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of contract archaeology and the factor of competitive tendering based on price,
favouring preservation by record, saw the growth of archaeologists specialising in
fieldwork, meaning that fieldwork became more separated from the broader inter-
pretative process. The archaeologist now took the role as a technician, whose job
it is to retrieve data from the field, resulting from “an ideology founded on the
assumption that data collection is independent of interpretation” (Lucas 2001:12).
In contract archaeology, the dichotomy stems from a matter of politics which sep-
arates fieldwork from interpretation, and where the empiricist seek to record as
much as possible, while researchers and universities state that actual meaning is
determined by posing relevant research questions — making data a research asset.
The challenge or “Archaeological Value” lies in combining the two (Carver 2003,
Carver 2009).

When dealing with archaeological excavation recording and documentation, us-
ing a seemingly arbitrary concept like authenticity may appear to make very little
sense, especially if we claim to aim for “objective” documentation. Nonetheless,
one might argue that the dichotomy of the objective (Malmer 1980) vs. subjective
(Shanks & Tilley 1987) lies at the heart of evaluating the authentic, but it tends
towards an unproductive opposition between realism and constructivism (Madsen
1995, 2003). The processual or “new” archaeology of the 1960s never questioned if
we are able to describe anything objectively, but rather than the positivistic real-
ism of measurements and observations, asserted that archaeological interpretation
could come to objective conclusions via the ability to pose questions and formu-
late what we want to investigate (Binford 1964:426). In particular, the ability to
uncover the regularities of human cultural behaviour was in question. The post-
processual archaeology of the 1980s, however, saw that every description requires
interpretation and reflects the subjectivity and viewpoint of the archaeologist. By
this notion, authenticity, which usually relates to a seemingly arbitrary level of
“trustworthiness” or “related to fact”, reflects the views, bias and possibly the
social /political circumstances of archaeology and the archaeologist. The influence
of society “appears to remain one of archaeology’s permanent features” (Trigger
1989:380), which is why it is necessary to account for context when evaluating au-
thenticity in archaeological documentation. This in turn forces the archaeologist to
explain, if not theory and method, at least the choices made during the excavation
process, as well as the rationale behind them. It is considered a serious problem if
an archaeologist is unable to “look out beyond the individual context or unit they
are excavating, [as they| will not be able to deal with interpretative issues that
involve other contexts and other sets of data” (Hodder 2003:59). In particular, the
interpretative and reflexive element is of interest to Hodder who pointed to the
“momentary, fluid and flexible” existence of excavation methodology by the late
1990s (Hodder 1997).
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Advances in archaeological field documentation in the new millennium are a
continuation of the development of computer applications in archaeology through-
out the 1980s and 1990s focusing on the use of quantitative methods in archae-
ology. In particular, photorealistic and photogrammetric techniques for creating
3D models of excavation situations are fast becoming a common approach to doc-
umentation practice, and call for a re-evaluation of the inherent dichotomy of
interpretation and observation in archaeology (Berggren et al. 2015, Forte et al.
2015, De Reu et al. 2013, Forte 2014, Powlesland 2014). Compared to previ-
ous paradigm shifts, which were characterised by confronting ideas and ideals of
how to do archaeology, the significant technological advances have only just re-
cently become identified as a prelude to a paradigm shift in a scientific revolution
(Kristiansen 2014, Huggett 2004). This inevitably raises questions and concerns
whether archaeology is at risk of abandoning the interpretative and reflexive in-
centive, for the sake of a form of documentation that appears to correspond more
closely to the observed “truth”. Drawing in particular, is often seen as essential
to archaeology and “part of a hermeneutic system that acts to both initiate and
reinforce the knowledge-creation structures of the discipline” (Bateman 2006:74),
but it may also be considered a remnant of analogue documentation traditions,
which becomes challenged by the need for the ability to handle and integrate dig-
ital representations of both reality and interpretation. Evidently, Hodder’s fluid
archaeology is becoming even more pronounced, as the clear distinction between
observation and interpretation turns increasingly fluid and traditional concepts
become entangled. By direct consequence, evaluation of authenticity gains new
relevance as the documentation itself, rather than the object or artefact, attains
authenticity. Generally speaking, archaeologists who share a goal of measuring the
past as accurately as possible are also the ones who are most interested in pursuing
authentic archaeology.

3.2.1 Photogrammetric documentation

One technological advancement stands out more than any other as “a tool
that underpins our notion of the objectivity of the recording process” (Bateman
2005:192). In the last decade, archaeologists have overwhelmingly adopted digital
photography (Morgan 2014; Morgan & Wright 2018). At the same time, digital
photos have increasingly become one of the primary sources of archaeological doc-
umentation, in addition to - or as basis for - digital delineation of the interpreted
features and contexts. Digital photos have become an easy, quick and affordable
way of documenting an excavation. The documentation process at the excavation
of the Bronze Age barrow Skelhgj (2002-2004) in Southern Denmark exemplifies
one such early application of digital photography in excavation documentation
(Holst & Rasmussen 2013). It also illustrates how the archaeological community,
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fairly early on, realised that digital photography had to be treated differently, as
it is not directly equivalent to analogue hand drawing.

First of all, digital photos must be manipulated to become usable for docu-
mentation: rectified (Scollar 1998, Johansen 2003) and embedded with geographic
information. This clearly leads to some concerns as to the validity and derivative
nature of what would otherwise be considered very objective documentation. On
the other hand, it evidently offers new possibilities of a different level of detail,
quality and authenticity. In the case of Skelhgj, documentation workflows were
deliberately adapted to combat the risk that photos could potentially shift the
archaeological focus away from interpretation, towards the mere descriptive, and
basically undermine the value of documentation. To accommodate concerns of
losing the interpretative incentive and whenever possible, parallel series of photos
were taken — an observation series with the prepared archaeological features, and
an interpretation series where an archaeologist’s interpretation would be scratched
or sketched into to soil (fig. 1). This of course only works for soil-archaeology, as
opposed to building recording, but was based on a notion that the observational
photos are somehow a more objective form of documentation that would allow us
to revisit or re-examine our archaeological data, and therefore represent a set of
data, which was less “disturbed” by interpretational bias.

As claimed regarding the reflexive archaeology at Catalhoyiik: “The goal is
to make the excavation process virtually reversible in a simulated environment
at levels ranging from laptop computers to virtual immersive systems” (Berggren
et al. 2015). Being well aware that the collected data - the photos - are never
more objective than the archaeological process as a whole (Bateman 2005), the
archaeologist still has to choose and prepare the different surfaces and objects for
documentation. It is an encounter, not just observation, albeit active or interpre-
tive observation (Lucas 2001). On many levels, digital photos represent different
resolutions of evidence, and 3D photogrammetric techniques such as Structure from
Motion represents a further extension of the inherent properties of digital photos.
This is due to their ability to provide visualisations and representations, which
appear as photorealistic and geometrically authentic representations of real-world
objects and scenes, which consequently is evolving to become an ideal of docu-
mentation. The key point here is that 3D photogrammetric techniques represent
rather than accurately reproduce some aspect of reality. The documentation is
still as subjective as ever but, perhaps worryingly, disguised as unbiased by its
photorealistic appearance.

If, for the sake of argument, we state that the level of authenticity is in direct
correlation with the amount of interpretation and assumption in its representation
of reality, photographic evidence must clearly be more authentic than a delineated
interpretation. But more authentic in this case does not necessarily mean that it
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Figure 3.1: Skelhgj. Documentation of turf structures in a Bronze Age barrow, using obser-
vation photos and interpretation photos as basis for rectification, mosaicking and vectorisation.
Photo: Peter Jensen.

makes the greatest contribution to knowledge. One would think that a 3D model
or a photo is easily understood and requires fewer preconditions, but rather it lacks
explanation and interpretation to fully extract the embedded information. What a
3D model does provide, however, is an immediate representation of reality. Instead
of knowledge and skills of abstracting from the 2-dimensional drawing or photo, we
see a malleable canvas, which we can interactively explore in a non-predetermined
way.

Maybe the biggest Achilles heel of post-processual archaeology is our inability
to agree on even the most trivial factors, such as classifications or the description
of fill and colour of a context or layer in a section. As Madsen (2003:14-15) il-
lustrates, the descriptions are so dependent on prior experience and knowledge,
that two people with the same basic understanding, but different experience, will
rarely reach the same conclusions. The work of the less experienced archaeologist
may appear as the most authentic, as the lack of prior knowledge prevents dif-
ferentiation between the important and the less significant; they tend to describe
“what they see”. It is, however, difficult to integrate as common fact into our
documentation, and emphasizes the dichotomy between rationalism and pragma-
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tism - if knowledge comes before experience or if experience precedes knowledge.
Even implementing something as objective as colour-codes is still limited by vari-
ous factors, ranging from different lighting condition to the individuals’ perception
of colour. Post-processual archaeology inherently necessitates an evaluation of the
authenticity of the classification and description according to the “human factor”.

One of the postmodern traits of post-processual archaeology is the disappear-
ance of the limits between disciplines, and the disappearance of faith in knowing
the one truth (Johnson 1999:166), leading archaeologists to accept all understand-
ings of the past as equally valid and equally authentic, but not necessarily equally
objective.

3.2.2 “New-objectivity”

In 2003 Madsen pointed to the discrepancies between the geologist’s and the
archaeologist’s approach to the interpretation of a soil section, and how differ-
ent professional backgrounds and perspectives shape the documentation outcome.
Naturally, an archaeologist will focus on traces of human activity, while the geolo-
gist is looking for geological processes. In either case, the issue is not how to draw
or describe, but the act of identifying the abstract notion of something, which is
not a physical entity like an object or artefact, but a context of some previous hu-
man or natural action. 10 years later, in addition to the philosophical implications
of a new paradigm of 3D photorealistic documentation, this “new-objectivity” has
arguably a profound methodological impact on several aspects of field recording.
It offers a new conceptual interface or structure of visual representation, which
forces us to construe how an object in a 3D representation relates to a feature in
the reality of the past. The new tools affect the interpretation flow and how we per-
ceive and identify the relation between objects, and redefine the interdisciplinary
preconditions of archaeology such as collaboration with geologists.

The archaeological investigations in the wetlands of Alken Enge between 2012
and 2014 revealed thousands of scattered human bones, dated to the Early Iron
Age, lying beneath approximately two meters of peat on an old lake bed (Hertz
& Holst 2015, Holst et al. 2018). This set the stage for an interdisciplinary
collaboration involving, amongst others, the Department of Geoscience at Aarhus
University (Sge et al. 2017).

The excavation conditions were challenging; excavating a bog 2 meters below
the water table of the neighbouring Lake Mossg. From the onset, a workflow
and documentation pipeline was set up, consistently based on photogrammetry
and Structure from Motion using VisualSFM and Agisoft Photoscan (Wu 2011,
Agisoft 2016). This way, every documentation unit, context, and arbitrary plan
or section was photo documented, 3D modelled, ortho-rectified, printed, drawn,
classified and vectorised. Beyond the collaboration with osteoarchaeologists and
anthropologists, the presence of geologists and their very different approach to the
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Figure 3.2: Composite of 3D Structure from Motion documentation of human bones, alongside
geological section in Alken Enge.

research questions came to be of great value in explaining the prehistoric events
(fig. 3.2).

Furthermore, the challenge of combining the archaeological and the geological
interpretation of the same reality demonstrated, how 3D models and photoreal-
istic documentation may act as a common language in this discourse. The ex-
cavation saw the development of a common language, exchange of terms across
disciplines and illustrated how interpretations were not necessarily linked to one
profession alone. The boundary between geology and archaeology became fluid,
and at a general level a method development took place where datamining and
comparison of data became key to understanding the facts. Most importantly, this
cross-discipline exchange of knowledge was not limited to or hindered by different
interpretations of the same reality, because the issue was no longer a disagreement
of classifications, as Madsen (2003) implied. The premise for the “new-objectivity”
of 3D photogrammetric documentation is not one of classification, but account-
ing for the level of authenticity and validity. How open to interpretation are our
observations and what is the quality of our documentation?
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3.2.3 Derivative and generalised: para- and meta-data

One of the keys to integrating 3D photogrammetric documentation in archae-
ology lies with the realisation that 3D models are part of a process, much like
the formation processes which create the archaeological record in the first place.
The premise for this type of documentation is that our so-called primary data is
derivative in nature, and its validity depends entirely on our ability to account for
how data was created and evolves over time. We all work from assumptions that
are rarely well described or even questioned. The formation process of our 3D doc-
umentation, or rather the para- and meta-data does exactly this. By estimating
and evaluating claims of certainty or documentation quality, it may be possible
to augment the scientific quality of data - and use authenticity both as a concept
and as a tool in the archaeological documentation workflow. In this way, we are
in fact equalising evidential value and testing hypotheses - rather than engaging
in a truth-seeking quest.

The most enticing promise of archaeological 3D documentation is that, in the-
ory, we should be able to create a reality-proximate visual representation of reality.
And in fact, we should be able to “re-excavate” on the computer at a later point in
time, and potentially engage other colleagues in the interpretation process. This
breaks with the traditional premise or paradox of archaeological excavations — that
it is a destructive discipline that cannot be redone and which destroys the origi-
nal source material. The fact that this approach actually enables and encourages
us to correct or revise both the observation and the interpretation data, facili-
tates a more dynamic approach to documentation, instead of delivering that one
interpretation — the synthesised and condensed report of an excavation.

We know that all visual data is derived - a generalisation of something more
detailed to begin with, and must undergo some process to get from the real world
into our digital representation. First of all, we must account for multiple pa-
rameters related to the excavation process; how was the excavation planned and
executed, and what where the documentation events that make up our bulk raw
data (Jensen 2012). Secondly, the data processing needed to get from photographs
to 3D models must be documented. The increasingly complex calculations needed,
perhaps even by proprietary closed-source software, poses an issue in this regard.
It makes the documentation process much less transparent, and any inaccuracies
and systematic errors may potentially sneak into our primary documentation when
we trust a “black box” and its invisible algorithms to process data.

Arguably, it is by conceptualising levels of generalisation and authenticity of
these steps of the digital documentation that we are able to more coherently in-
tegrate new levels of documentation detail into our excavations. If we develop
procedures for measuring the authenticity of 3D photogrammetric documentation
through an evaluation process, we may break with the objective realist stance com-
monly applied to 3D models. This is, however, not to assume that the authentic
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is a utopianism to be achieved. The concept of objective documentation is far less
important than authentic documentation, and in this regard, authenticity equals
the quality and detail of representing the observed. To express it more explicitly;
the level of authenticity may be expressed as an equation of approximation, which
includes all available para- and metadata related to the documentation events.
The level of generalisation is in direct relation to the required resolution (level of
detail) of the documentation, and the amount of interpretations and assumptions
are in direct correlation with authenticity.

3.3 Conceptualised authenticity in archaeological documentation

In the case of the Skelhgj and Alken Enge excavations, the realisation of au-
thenticity as a concept and tool in the excavation practice happened gradually and
as an iterative process, reflecting technological developments since the turn of the
millennium.

First of all, an evaluative authenticity-concept was implemented at the lowest
level of the documentation ladder; in fact, authenticity was printed on context and
find sheets in order to allow for an assessment of the observation/interpretation
dichotomy. This gave the archaeologist the incentive to evaluate the documenta-
tion quality at a very early stage in the process, and impose the reflexive question:
“how certain am I?” and “how well does this/my documentation reflect reality?”

Secondly, concepts of documentation units, documentation events and data
collections were introduced to address the derivative nature of digital data, and
record the historic dimension of the documentation process (Jensen 2012). This
way, para and meta-data are explicitly contained within the documentation, and
it is known how interpretations and representations evolve over time, as new data
and new knowledge become available. Authenticity of the documentation has
nothing to do with what is original, but simply how what we have now, the visual
representation, relates to what was in the past; knowing that everything is derived.
The combined parameters are what help ascertain the authenticity of the docu-
mentation, and becomes part of the hermeneutics of the documentation process,
where the interpretation is not exclusively an end product of the documentation.

Thirdly, 3D models were increasingly used to visualise the spatial hypotheses
of the ongoing excavation.

3.3.1 3D models and spatial hypotheses

Far from being limited to archaeology, it is easy to see how the 3D paradigm is
currently trending in countless branches of computing. In particular, archaeology’s
most beloved tools: Geographic Information Systems (GIS) and Computer Aided
Design (CAD) are merging and evolving into doing things which used to be limited
to dedicated 3D software (Wheatley & Gillings 2002, Breunig, M. & Zlatanova,
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S. 2011). Consequently, this also means dealing with different levels of abstrac-
tions, ranging from the reality-proximate and photorealistic via the delineative and
generalised to the artistic and stylised representation.

In addition, 3D representation supports the combination of the observed with
interpretation, following a more 3-dimensional reasoning, where we may apply 3D
documentation as a tool for continuous monitoring and evaluation of an excava-
tion and its results. Just like the general use of models to form hypotheses, it is
possible to use 3D models as spatial hypotheses of an ongoing excavation. This
allows us to visually realise or spatially conceptualise our hypothesis as a virtual
reconstruction and to combine it with our observational data. The inherent is-
sues of using photorealistic and high quality hypothetical visualisations as part
of the documentation, and discerning which is which and accounting for level of
certainty, was already touched upon more than 20 years ago by Eiteljorg and oth-
ers (Eiteljorg 1998, 2000, Eiteljorg & Limp 2008). One of the main concerns was
that visualisation tools are rarely capable of displaying uncertainty or fuzzy data,
or levels of probability when it comes to reconstructions (Eiteljorg 2000, Miller &
Richards 1995). “As disseminators of information to a data-naive public, we must
find techniques for displaying areas of fudged data within our models, and attempt
to educate people in the skills of visual data analysis: an awareness of scale, an
understanding of the fact that lines on maps often represent fuzzy boundaries, and
a perception of the limitations inherent in our data” (Miller & Richards 1995:21).
One such way of displaying uncertainty is by the use of colour, texture or opacity
(fig. 3.3). This, however, trails back to the issues of relying on prior knowledge or
an individual’s intuitive ability to read and understand such visual information.

Additionally, there is a whole array of visual elements, which may not rely
solely on archaeological evidence, and where the level of certainty is highly ques-
tionable. These may include, for example, written sources like Beowulf, which
describes the appearance of the great hall building, ethnographic analogies, as
well as the inherent assumptions governed by current trends and social/political
circumstances. This is however part of a literary and societal discussion, rather
than one of visual archaeological representation.

The concerns about scientific certainty in visualisations, among other, have
led to the ratification of London Charter for the Computer-Based Visualisation of
Cultural Heritage (Hermon, Sugimoto & Mara 2007, Denard 2012) — see Hermon
& Niccolucci chapter 3. The London Charter highlights the major pitfalls of navi-
gating the border zone between research hypotheses and public dissemination, but
also hints at practices for combining reality data with model data. In this case,
evaluating the level of authenticity, or uncertainty, is paramount to express the
quality of excavation documentation, but as previously stated, authenticity may
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Figure 3.3: The Jelling Complex visualised as 3D animation for the VIKING exhibition at the
Danish National Museum. The style is non-photorealistic, and levels of uncertainty or hypothesis
are indicated by varying transparency of elements.

arguably also be integrated as a measurement tool that allows for evaluation of
the empirical data and the excavation process.

3.3.2 The Viking Age royal complex in Jelling

As with Alken Enge, the excavations of the Viking Age royal monument com-
plex in Jelling were to a very large extend based on digital photogrammetric docu-
mentation (Jessen et al. 2011, Holst et al. 2013). The 2010 campaign was targeted
upon the large palisade structure, which encloses the mounds and the church, as
well as the north-eastern quadrant (fig. 3.4).

The excavations revealed postholes belonging to buildings, which in their pat-
tern strongly resembled the architecture from known Viking Age houses, usually
assigned to King Harald Bluetooth and the circular fortresses at Trelleborg, Fyrkat
and Aggersborg (Holst et al. 2013, Jessen 2015, Roesdahl et al. 2014). In this case,
it is of course important to note, that prehistoric architecture in Northern Europe
is very seldom a matter of filling in missing pieces of a ruin of known design like
Classical and Romanesque architecture (Miller & Richards 1995, Huggett & Guo-
Yuan 2000). We are talking about the excavation of sub-surface ephemeral features
associated with organic evidence of postholes with very little else evidence. This
is a factor which should somehow accompany any visualisation of such features.
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Figure 3.4: The Jelling Complex: A central complex with a church and two burial mounds,
rune stones and stone ship setting. A palisade surrounds the monuments and buildings are placed
along the inside at fixed intervals and orientation. Excavated areas shown in white.

Given that the houses at the circular fortresses tend to adhere to very strict
geometric rules for placement, scale and orientation, meant that this was something
which could be easily visualised and used to generate a working hypothesis of
where to look for more houses, and estimate their architectural appearance — if
indeed the similarities were substantiated. Key features of the Trelleborg-type
houses are the unique entranceways and the double row of wall posts, presently
interpreted as a combined wall and external supporting structure, following cruck
construction. Neither the function of the external posts nor the entryways were
initially identified by the early excavations of Trelleborg in the 1930s and 40s, but
later excavations allowed archaeologists to reinterpret and physically reconstruct
houses using these hypotheses (Schmidt 1981, Schmidt 1985, Olsen & Schmidt
1977) (fig. 3.5). This is itself an excellent example of how reconstructions, as well
as archaeology as a whole, are a product of time and society (Trigger 1989), as
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Figure 3.5: Plan drawings of postholes show the architectural similarities between a Jelling
House on the left and a Fyrkat House on the right (Olsen 1977). Holger Schmidt’s architectural
drawings for the Fyrkat reconstruction are on the far right (Schmidt 1985).
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the first reconstruction shows Roman-derived traits, know from porticoes around
Roman villas and Romano-Celtic temples, compared to the later, more Germanic
reconstruction with cleaner lines.

By almost direct comparison, the excavations at Cowdery’s Down (Millett &
James 1983) also deal with the identification and interpretation of slanting posts,
and quite interestingly present not just one, but several alternative reconstructions
based on the same archaeological evidence.

The initial excavations in Jelling, revealed one house with an entranceway on
one side. It was however known from the reconstructions of Trelleborg-type houses
at Fyrkat that the entranceways are placed on both sides, and displaced to either
end (fig. 3.6). Combined with the observed systematic mirroring of the house
orientation in the fortresses, this helped to guide the excavation into where to
look for more entranceways, among the otherwise poorly preserved postholes. In
addition, the Jelling houses turned out to have a very unique feature, as the gable
ends would have an extension in either end. The Jelling-house, however, still
adhered to the strict geometry and rules of mirroring and symmetry. The natural
response was to try to 3D visualise this special structural feature on the basis of
the architecture of the physical reconstruction at Fyrkat (Schmidt 1985) and apply
it as a working spatial hypothesis for the excavation.

The visualisations were done in a combination of software: Agisoft Photoscan,
ESRI ArcMap and ArcScene and 3D Studio Max. Acknowledging that archae-
ological interpretation is a dynamic and iterative process, different snapshots or
documentation events account for the thought processes and expectations of the
archaeological source material. This way, when these snapshots were made, by
whom and based on what criteria, became the basis for evaluating the authentic-
ity of the development of the spatial models, and the rationale for replacing one
model with another revised model. The experiences gained in Jelling demonstrate
how abstractions shape the basis for the archaeological process, and how 3D visu-
alisation functions as a tool of reflection — combining what we know with what we
expect.

The excavations at Jelling, and not least the intensified use of 3D models as
spatial hypotheses, exposed the need for a framework to manage the iteration of
interpretations. By including an evaluation of authenticity at all levels of the doc-
umentation pipeline, the system should be able to fill in the void of meta- and
para-data, left by the break-down of the clear distinction between observation and
interpretation, itself caused by the introduction of photorealistic 3D representa-
tions.

The evaluative process of the empirical data collected would generally follow a
predetermined chain of events:
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Figure 3.6: Photos of the reconstructed houses at Trelleborg (top) and Fyrkat (bottom). Photo:
Anne Pedersen (top), Peter Jensen (bottom).

1. An opening strategy of excavation methodology and definition of Data
Collections (Jensen 2012). The Data Collections were used as constructs, which
served to collect all related primary data within well-defined physical boundaries.
Le. all descriptions, photos and measurements within a given area, which would
tentatively be used to synthesize an illustration. In practice, each trench would
act as a Data Collection.

2. Each consecutive Documentation Event would refer to a Data Collection
in a one-to-many relationship, and provide primary data as well as derived data.
Authenticity would be assessed through aggregated para- and meta-data.

3. Following a Documentation Event, results would be re-interpreted and syn-
thesised into a separate Documentation Event containing a spatial hypothesis:
GIS-plan or 3D model (see fig. 3.7). In this case, authenticity was expressed as
levels of certainty and evaluated through the use of colour-coded visual elements.

99



Approaching Reality

- =
3 N =
3 88 AaE@ =@ ® c [0EH = @

Connect | Database | Login Search Lists Events XML GML RDF Standard | Vertical L_Dl3 Help
Server Data Data Export Layout Language Help
[ Documentation ‘S Jelling Nord | B Map Viewer | 3D Viewer | @ Section and Stratigraphy Viewer | & Photo Viewer || & overview
g ~ 9 Data Collection: D5 (trench)

° w .:Structure: OA7 (Longhouse, Trelleborg-type)
SBM1028 Alken Enge < Documentation Events (2D/3D spatial)

BlvicH6924 Jeliing Nord Event ID Type Description

©

. Selection
D5B20130613A  Model
& 2D spatial
1# 3D spatial
W Campaign la
I Data Collecti
o, of OA7 and NE quadra
Documentation Event Derived from: DSB201007084, D5B201007094, D5B2010071
Feature D5B20100802A, D5B201010284, D5B20101103A
k Peter Jensen, Mads Holst, Mads Dengso, Anne Pedersen
; Find/Sample Interoperability: 305 Max, DXF, MPA(h.264) video
@) Photo
D5B20110202A 3D model of OA7 and NE quadrant
Structure Derived from: D5B201007084, DSB201007094, D5B2010071

D5B201008024, D5B201010284, D5B20101103A
Peter Jensen, Mads Holst, Mads Dengse, Anne Pedersen
Interoperability: 3DS Max, DXF, MPA(h.264) video
D5B20101103A  Interpretation Vectorisation of OA7
X Interoperability: Mapinfo, GML (ArchaeoSraper)
Aalborg o D5B20101028A Observation  Photo-d ion of south-eastern entryway of OA7
Interoperability: Georeferenced raster (PNG)

GEb D5B20100805A Model 3D model of OA7 and NE quadrant

Derived from: D5B201007084, D5B201007094, D5B2010071
b <3 Aarhus, Helsingb D5201008024
Danmaty 19 Peter Jensen, Mads Holst, Mads Dengs, Anne Pedersen
- Interoperability: 3DS Max, DXF, MP4(h.264) video

Group by campaign ® Group by category

#4

© ORre~w

o D5B20100802A Interpretation Vectorisation of OA7
Odense. Kebenha Derived from: DSB201007084, D5B201007094, D5B20100710A

D5B20100710A Computation Photogrammetric (SfM) ortho-rectification
Derived from: D5B201007084, D5B20100709A

D5B20100709A Observation  Totalstation measurements of ground control points
D5B20100708A Observation  Photo documentation of OA7 for rectification
Copyright © 2015-2016 Peter Jensen

Figure 3.7: Screenshot of the Archaeo online database, currently under development. Display-

ing the chain of Documentation Events and iterations of spatial hypotheses while excavating the
house OA7 in Jelling.

Each element would refer to back to the Documentation Event from which the
interpretation derived.

4. The excavation strategy is reassessed and retargeted according to the revised
hypothesis defined by the last Documentation Event. New Data Collections are
defined, or new Documentation Events take place within existing Data Collections,
such as documentation at a deeper level.

Finally, we should consider whether we need to quantify levels of authenticity,
to tie our documentation to standards of processual archaeology, or if we should
focus more on the separation of research vs. dissemination or hypothesis vs. fact
in 3D visualisation to accommodate a different type of audience.

3.3.3 Unintended consequences; Research tool or public dissemina-
tion?

Visual models have a tendency to cement an interpretation as fact, rather than
fiction or hypothesis, and even with proper precautions and disclaimers they easily
evolve into a “truth”, recognised as such by non-professionals. As already noted,
this is also one of the main motivations behind the London Charter (Hermon,
Sugimoto & Mara 2007, Denard 2012). This happens as archaeological research
flows into public dissemination, where 3D graphics provide a marvellous tool to
convey a story about the past. The use of models or reconstructions to convey
a story, or even serve as experiments to test a hypothesis is nothing new, as al-
ready illustrated by the example of the physical reconstruction attempts of Viking
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Age Trelleborg houses in Denmark by Holger Schmidt (Schmidt 1981). These
reconstructions have, however, become representative of how the houses looked,
even though we actually had two very different reconstruction attempts and there-
fore two conflicting architectural hypotheses. Paradoxically, this is the whole idea
behind hypotheses or experiments; we learn from them and adapt our theories,
which in this case, and in combination with subsequent research, has led to other
or better interpretations of the architectural characteristics of the Trelleborg-type
houses (Schmidt 1985, Jessen et al. 2011, Holst et al. 2013, Jessen 2013, Jessen et
al. 2014, Jessen 2015). The challenge is how we convey this to the public in terms
of authenticity. Compared to previous generations, what has changed is that 3D
models and visualisations now reach the public much faster and through differ-
ent media, and potentially without the necessary scientific discussion. Computer
models tend to carry more authority than paper images and “Large audiences are
being exposed to visualisations in circumstances, where the pictures or animations
are divorced from the academic discussion...” (Miller & Richards 1995:20).

When the excavations at Jelling encountered postholes of Viking Age buildings,
which in their outline showed similar characteristics, the natural thing was to use
the same architectural idea in 3D models, which helped the archaeologists get
an impression of the site as it was excavated. Inadvertently, due to the high
demand of something to show the public, these models were shared at a very early
stage, and soon ended up in newspapers, information posters and even went into
the new museum exhibitions. Fortunately, the Visitor and Experience Centre at
Kongernes Jelling - Home of the Viking Kings, were very aware of the academic
discussions and the reservations about visualising ongoing research. They often
brought in the archaeological team to re-evaluate the architectural basis for the
interpretations in the light of the new excavations and archaeological evidence. It,
however, still became a struggle between scientific integrity and the public demand
for visualisations.

One key feature of the “old” reconstructed houses were the hipped roofs which
were part of Schmidt’s original reconstruction at Fyrkat. The process meant that
this feature was inherited by the visualisations of the Jelling houses, despite the
fact that current interpretations of the postholes suggest gabled roofs were more
likely. Stepping into a brand new exhibition and seeing visualisations based on a,
now outdated, excavation hypothesis naturally causes concerns that an inauthen-
tic or unsubstantiated account of the past is being conveyed to the public (fig.
3.8). The museum has addressed these challenges by actively introducing sev-
eral interpretations of different architectural elements. An example of this is the
Viking Age palisade, which went through several iterations in the archaeological
spatial hypotheses. For 2017 a physical reconstruction of a section of the palisade
is planned for the museum gardens, which will include several elements from the
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Figure 3.8: 3D model of the planned physical palisade reconstruction (top left and right).
Photo: Peter Jensen. The exhibition wall backdrop at the Visitor and Experience Centre at
Kongernes Jelling - Home of the Viking Kings, showing an artistic rendering of an outdated
spatial hypothesis (bottom). Painting: Sebastian Bausdorph, photo: Adam Bak, Kongernes
Jelling.

various interpretations regarding, height, paint, carvings and general architecture
(fig. 3.8).

Another example is the recent discovery of the Viking Age ring fortress Bor-
gring, south of Copenhagen (Holm & Sindback 2014). Even though the prelimi-
nary excavations only revealed ramparts, gates and ditches, it was expected that it
would be similar to the other Viking Age fortresses, in having 16 buildings inside
(fig. 3.9). Current excavations so far have however not found any evidence of
buildings, which strongly conflicts with the 3D model, which was made to illus-
trate a hypothesis about what kind of feature had been discovered to the public
(Persson 2016).

As the producer of these models, one realises first-hand the importance of the
London Charter (Denard 2009, Hermon, Sugimoto & Mara 2007, Denard 2012) and
the challenges of navigating the grey zone between archaeological documentation,
hypotheses and public dissemination.

Despite all possible disclaimers, there is a demand from the public and exhi-
bitions to visualise archaeology, not just as postholes, but to reveal what the ar-
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chaeologists are thinking and to offer an informed opinion of what features might
have looked like. One instrument to accommodate both is to refrain from photo-
realistic models altogether (fig. 3.3). Yet is it safe to assume that the audience
most likely already realise it is a model, but trust the authority when we present
a model or claim? We should not underestimate the capacity of the audience to
deal with uncertainty. What really matters is the ability to account for or justify
the visualisation, and in doing so, facilitate access to raw data as well.

The London Charter clearly states: “Sufficient information should be docu-
mented and disseminated to allow computer-based visualisation methods and out-
comes to be understood and evaluated in relation to the contexts and purposes for
which they are deployed” and “Documentation of the evaluative, analytical, deduc-
tive, interpretative and creative decisions made in the course of computer-based
visualisation should be disseminated in such a way that the relationship between
research sources, implicit knowledge, explicit reasoning, and visualisation-based
outcomes can be understood” (Denard 2009:8). This is not an easy task to accom-
plish, but evidently transparency of what the model is based on is what defines its
authenticity. As Eiteljorg (1998) put it: ”If we only present a simplified and san-
itized view of the past, especially one that seems real and is visually compelling,
we will have failed those who want truly to understand, both as scholars and as
users of the technology”.

On the other hand, the chances are that we are overly concerned with muddling
the border between reality and model. Arguably many post-processual archaeolo-
gists could be accused of being overly obsessed with measuring and recording the
past in as detailed a fashion as possible — perhaps forgetting that “not everyone
even wants authentic archaeologies - whether scientific or not - and understand
what this fact means for professionals who work in the public sphere” (Lovata
2007:21). While the use of 3D-“replica”, -models or -visualisations in archaeology
is susceptible to being criticised for overstepping the bounds of scientific ethics,
other disciplines do not appear to have the same reservations. Take, for exam-
ple, the visualisations which accompany space exploration by organisations like
NASA and ESA which also have public dissemination as a top priority. The use of
computer-generated imagery has grown substantially in this field during the last
20 years. In order to accommodate the audience, data from deep space, which like
archaeological 3D data is based on sensor-input and calculations, is often post-
processed to an extent where it has very little to do with reality, and rarely do the
authors bother to write “an artist’s impression”, when it surely is. In these dis-
ciplines, public dissemination and “raw” research data appear very disassociated,
which is in striking contrast to how we currently pursue archaeology, where public
engagement and immediate publication of research data tend to be vital. On the
other hand, some would argue that archaeology is hardly “rocket science”.
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3.4 Conclusion

Does authenticity qualify as a conceptualisation of documentation quality in a
world of reality-proximate, photorealistic and geometrically accurate digital repre-
sentations and visualisations? At first hand, it might appear somewhat ambiguous.
In particular, because the most common use of authenticity in archaeology refers to
individual objects and artefacts of the past, rather than the replication of an event
of the (near) present, which the photogrammetric field documentation represents.
On the other hand, what such conceptualisation portrays is a very conventional no-
tion of authenticity; as one that is achievable through its representation of reality.
But why do we not just call it documentation quality? This all points back to the
dichotomies of archaeological science, and mainly the dichotomy of observational
reproduction and interpretational reconstruction. Whereas the first might very
well be addressed through a quantitative evaluation of the derivative nature of
data processing through the recording of para- and meta-data, it does not account
for the interpretive and reflexive element of utilising 3D models as representations,
which are more or less reliant on the subjectivities of archaeologists. Furthermore,
the concept of quality does not describe the spatial hypotheses which the latter
represents, and the varying certainty of the reconstructed elements within.

Authenticity remains, in part, a subjective notion concerning the trustworthi-
ness of a visual representation, but the experiences from the cases presented in this
chapter also demonstrate how authenticity may be integrated as a concept and a
tool in a spatial database. The immediate accessibility and transparency of data
is a key issue, and the documentation events in the database reflect the iteration
of spatial hypotheses, facilitating a less deterministic approach to archaeological
visualisations in documentation as well as dissemination.

What remains are the unintended consequences of multiple versions of inter-
pretations reaching the public audience. But as much as technology is to blame for
rapid distribution of tentative reconstructions, it may also hold the key to solving
the issue. As more and more museums apply digital and interactive elements to
exhibitions, it is only natural to make use of less static exhibitions, which tradi-
tionally could be on display for years if not decades. An interactive 3D model in an
exhibition is easily and inexpensively replaced with an updated hypothesis, while
returning visitors increasingly expect exhibitions to reflect the latest research. In
turn, the public may grow accustomed to this kind beta-exhibitions, which are
always improving — and in the process become more aware of the iterative process
and nature of archaeological interpretation.
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30. MAJ. 2016 KL. 09.03

| dag indvier dronningen
unik genfunden
vikingeborg

Majestaeten kaster 1 dag glans over abningen af et unikt cirkelformet militzert
forsvarsanlaeg fra vikingetiden.

Figure 3.9: DR News online (www.dr.dk) depicting the Borgring visualisation next to queen
Margrethe II at the day she inaugurated the new excavations.
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Semantically enhanced 3D: A web-based
platform for spatial integration of excavation
documentation at Alken Enge, Denmark

Jensen, P. (accepted) in: Galeazzi, F. and Richards-Risetto, H. (eds.)
Web-based Infrastructure as a Collaborative Framework across
Archaeological Fieldwork, Lab Work, and Analysis. Journal of Field
Archaeology

Abstract: The photorealistic and geometrically accurate 3-dimensional representa-
tion of excavations, provided by image-based modelling, has the potential to trans-
form the process of excavation documentation, making it easier to share observations
with other researchers. Paradoxically, however, the spatial representation lacks the
ability to convey archaeological interpretations. By example of excavations in Alken
Enge, Denmark, this paper explores how a web-based 3D platform is able to facil-
itate the collaborative exchange of 3D excavation content and how the integration
of spatial and attribute data into one common event-based data model may be ad-
vantageous. This includes enhancing the semantic value of field-recorded 3D models
by segmenting the geometry using various techniques, such as 3D projections and
machine learning. Accordingly, the paper demonstrates a framework for interactive
3D models, which includes attributed classification, based on segmented 3D content
correlated with traditional raster, vector and textual data, delivering a spatially
integrated platform for collaborative research.




Approaching Reality

4.1 Introduction

The promise of 3D photogrammetric field recording is currently out of align-
ment with archaeological practice. The photorealistic and geometrically accurate
representation of excavations, provided by technologies such as Structure from
Motion (SfM), has the potential to transform the process of post-excavation inter-
pretation, making it easier to share observations with other researchers. Paradoxi-
cally, however, the spatial representation lacks the ability to convey archaeological
interpretations, as existing solutions usually only provide surface geometry and
texture. The advent of HTML5 and WebGL means that browsers can interac-
tively render and manipulate 3D content, leading to a distinctly different approach
to data management. The potential of online frameworks changes the file-based
paradigm, which for decades was the premise for digital field recording. Not only
are thousands of desktop databases, spreadsheets and GIS tables a legacy we are
forced to deal with; but more files are being produced every day. In addition, the
increase of new file formats related to the spatial management of complex data
such as 3D-data, challenges not only data archival procedures, but also affects the
premise for collaboration. Rather than enforcing new standards for 3D content,
this paper seeks to focus on the development of tools and frameworks for data
management and exchange of 3D content. This includes the scientific augmenta-
tion of 3D representations through supervised segmentation and classification and
harvesting of file-based field documentation.

By example of the excavations at Alken Enge, Denmark, this paper discusses
how a web-based 3D platform is able to facilitate the collaborative exchange of
3D excavation content almost instantaneously and how such a platform, based on
a philosophy of integrating all spatial and attribute data into one common event-
based data model, may be advantageous. Focusing particularly on how we may use
custom algorithms to enhance the semantic value of field-recorded 3D models by
segmenting the geometry. Accordingly, the paper demonstrates a framework for
interactive 3D models, which includes attributed classification, based on segmented
3D content correlated with traditional raster, vector and textual data, delivering
a spatially integrated platform for collaborative research.

4.2 The photogrammetric toolbox of digital archaeology - going 3D
The growth of digital archaeology has introduced photogrammetry as one of
the most promising additions to the archaeological toolbox, and it is evolving into
one of many standard tools for archaeological field recording. In particular, the use
of SfM is considered an affordable and efficient way of generating highly detailed,
photo-realistic and geometrically accurate 3D models for excavation documenta-
tion (Huggett & Guo-Yuan 2000; Pollefeys et al. 2001; Katsianis et al. 2008;
Ducke, Score & Reeves