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The historical concentration on text in humanities computing
and the Digital Humanities (DH) partly reflects the technologies
that have been available, and partly the majority interests of
humanities researchers. Yet much humanities research also
depends on scholars’ visual skills, not only in the arts and
archaeology, but also in disciplines whose main concern is
text, for whom the physical form of texts can be as important
as their content. Thus digital textual resources increasingly link
to images, thereby greatly increasing their potential scholarly
benefits: an outstanding example is Prue Shaw’s recent
digital edition of Dante’s Divine Comedy. This panel session
is concerned with what one might consider the next stage in
the use of image in DH research: the technologies that are
increasingly being used for image recognition, enhancement
and analysis. Unlike many of the digital text-and-image archives
now available, which do little more than accelerate and facilitate
humanities research, these enable the production of knowledge
that would simply not be accessible by non-digital means.

The panel presents a range of innovative humanities
research in progress in these areas of image recognition,
enhancement and analysis at Oxford University and UCL
London. It includes both practical applications of the related
technologies, and a more theoretical approach to the methods
deployed. The latter is an area in which the humanities have
traditionally been weak. Scholars have usually been reluctant to
reflect in any depth on the exact nature of their methods; even
during the heady days of humanities theory towards the end of
the last century, the focus of interest was much more on high-
level concepts, and much less on the details of methodology.
Yet this kind of reflection is essential: if the most productive use
is to be made of the new technologies for image analysis, and
indeed all other forms of digital analysis in the humanities, and
if we are to promote their use effectively, we need to be very
clear exactly what they help us to do, and how this fits in with
the work that scholars have traditionally done.

The panel will begin with a presentation by Charles Crowther,
from the Centre for the Study of Ancient Documents at Oxford,
of a range of techniques to increase the legibility of different
forms of writing in the ancient world—ancient world studies
being probably the field in which scholarship depends most
on analysing the exact form in which text is preserved, and as
a result the field in which the use these technologies is most
advanced. This will be followed by an in-depth presentation
and discussion by Jacob Dahl, of Oxford’s Oriental Studies
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Institute, of the use of one particular form of these technologies,
Reflectance Transformation Imaging, to advance the study
of one of the world's earliest and still undeciphered writing
systems, proto-Elamite. The paper by Segolene Tarte, from
the Oxford e-Research Centre, will provide the theoretical
dimension by identifying the cognitive processes involved in
some of research covered by the first two papers, and in other
related work. Finally Julianne Nyhan, from the Department
of Information Studies at UCL London, moves into a more
difficult and experimental area with a review of the use of image
recognition for historical research and a brief presentation of
a project for the digital study of newspaper photographs in the
context of the history of the First World War.

The work that the four papers deal with is highly detailed and
specialist, but has potential applications far beyond the fields in
which it has been carried out so far: a topic we plan to cover in
the panel discussion.

*  *  *

2. Reading Ancient Writing: Technology and
Scholarship - �����������(����� ��������������
%���&�����������'���������?)����

Much of the evidence that the scholarly community in
Classics has available to extend and renew its fields of
investigation is fragmentary, difficult to decipher, and tantalising.
The use of new technologies opens the prospect of making
this evidence more easily and extensively accessible and
exemplifies the contribution of DH to scholarly research in a
well-defined and coherent context.

In this paper I review the effectiveness of a range of
visualisation technologies deployed to increase the legibility
of ancient, primarily Greek and Latin, incised and inscribed
documentary texts, and consider some directions for future
work. The analysis draws perspectives from work in this field at
the Oxford Centre for the Study of Ancient Documents (CSAD)
over the last 15 years, and presents results from recent and
continuing projects undertaken with other presenters in the
panel.

I consider two types of text that offer challenges to
decipherment that are broadly similar but different in significant
respects: wooden and metal writing tablets and inscriptions on
stone.

Regular discoveries of incised wooden and metal writing
tablets in excavation of Romano-British (and Northern
European) sites potentially offer new categories of evidence,
but their transcription and decipherment present the constant
challenge of separating fine traces of writing from background
features and, in many cases, from other palimpsest layers
of text. The great majority of the material is relatively new
(recovered since 1980) and is still in the early stages of
integration into the body of research resources in Ancient
History. Successive projects undertaken since 1998 at
CSAD, in collaboration with colleagues in the field of medical
image analysis in the Department of Engineering Science
at Oxford, have resulted in the creation of new techniques
for improving the visibility and legibility of writing on wooden
tablets, principally by means of a stroke detection method
(shadow stereo or phase congruency) and the removal of wood-
grain (Brady et al. 2005).

These advances were based on digital scans of the writing
tablets made with lights illuminating the surfaces from different
angles, calibrated manually. Their application has already
resulted in new editions of texts of writing tablets from the
Roman fort at Vindolanda (Bowman and Tomlin 2005) and,
most strikingly, a Roman legal document found in Frisia in 1914
(Bowman et al. 2009), which forms a case study in the paper
offered by Dr. Tarte. Central to this programme of research
has been the belief that in order to develop better imaging
techniques we need at the same time to explore developments
in the representation of semantics, in theories of reading, and
in ideas about knowledge representation (Terras 2007; Tarte
2011).

Inscriptions on stone are one of the most characteristic
legacies of the culture of the ancient Greco-Roman world,

from the beginning of alphabetic writing in the 8th century BC
to Late Antiquity. Very large quantities of inscriptions have
been recorded – the total number now published exceeds
800,000 – but few have survived intact; stones are frequently
broken into fragments and very many have suffered extensive
surface damage from abrasion or erosion. Techniques for the
decipherment of these damaged texts had not until recently
advanced significantly since the beginning of epigraphic studies
in the 15th century. The principal traditional means of reading
letter traces, by taking paper (or latex) casts of the surface
which can be manipulated more easily than the original stone,
or by using solutions of charcoal and water to emphasise
surface indentations, remain effective, but involve direct action
upon the surface of the stone and are now permitted only under
controlled conditions and in exceptional cases by museum
conservators.

Because the language and formal character of inscribed
documents are well understood, small improvements in
reading can lead to significant advances in decipherment and
interpretation. Two examples may be cited: much of the history
of the 5th-century Athenian empire has seemed to turn on the
interpretation of a handful of evanescent letter traces on a stele
recording an alliance between Athens and Segesta (Chambers
et al. 1990); a palimpsest inscription on a basalt stele recovered
during the rescue exacavations at Zeugma in the Euphrates
valley in 2000 has provided new insights into one of the more
remarkable expressions of ruler cult in antiquity (Crowther
2013).

However techniques for recovering text, whether based upon
paper casts, illumination with raking light, or, more recently,
laser scanning can only improve legibility when there are some
remaining topographic traces of the original inscribed text. In
this section of the paper I summarise the results of experiments
using the microfocus spectroscopy beamline at the Diamond
Light Synchrotron in 2010 and 2011, following earlier work at
the Cornell High-Energy Synchrotron Source (CHESS), which
show that trace elements associated with wear of the inscribing
tool and with the pigments used to paint inscribed letters can
be detected with high sensitivity and spatial resolution by X-Ray
Fluorescence (XRF) Imaging, even when the stone surface has
worn below its original contours (Powers et al. 2005).

XRF imaging, for the moment, requires that text artefacts be
brought to a synchrotron source and is ineffective where the
surface of the object has been subject to intensive cleaning
since Antiquity. In the great majority of cases, analysis of
surviving surface traces continues to be the principal method
of decipherment. Approaches to incised and inscribed texts,
accordingly, converge on the need to recover and interpret
surface topography as accurately as possible. The manually
calibrated methods of illumination used in previous work at
CSAD have now been replaced by Reflectance Transformation
Imaging (RTI), whose application to cuneiform texts and seal
impressions is described in the paper by Dr. Dahl.

RTI uses multiple images captured from a fixed camera
position to construct a digital model of surface form and
reflectance for the object studied. The resulting files enable
interactive changes to lighting, image enhancements and
automated identification of visual and morphological attributes.
RTI has a number of specific advantages for the capture of
incised and inscribed documents: non-contact acquisition of
surface data, to alleviate the concerns of museum conservators;
potential representation of 3D shape characteristics without
data loss due to shadows and specular highlights; virtualised
surface analysis under any form and distribution of lighting;
the possibility of analysing surfaces remotely and ‘re-
photographing’ them for dissemination. RTI representations
of documentary texts are visually striking and attractive, but
current fitting algorithms do not exploit the full potential of the
image data captured. In the final section of the paper I report
on current work undertaken at CSAD to improve the algorithms
and capture processes and their application to a range of
incised and inscribed documentary texts.
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Reflectance Transformation Imaging of ancient
texts - Jacob Dahl Oriental Studies Institute,
Oxford

This paper explores the use of Reflectance Transformation
Imaging (RTI) technology in the study and decipherment of
ancient texts. RTI is “a computational photographic method
that captures a subject’s surface shape and color and
enables the interactive re-lighting of the subject from any
direction” (definition from http://culturalheritageimaging.org/
Technologies/RTI/). It is based on the work of Tom Malzbender
(2001, see http://www.hpl.hp.com/research/ptm/index.html).

The camera dome used at the University of Oxford, and
built by researchers at the University of Southampton (Earl et
al. 2011), uses 76 daylight-LEDs, which are attached to the
inside of the plexiglas dome. A high-resolution digital camera is
mounted on the top of the dome, looking straight down through
a hole. The object is placed on a stage in the centre lifted up to
the horizon. The diameter of the camera dome is approximately
1m, allowing for the capture of objects up to 33 cm in diameter.
76 individual raw files are captured each using a different light
source and therefore a different light angle. In post-processing
the images are joined to create a composite image (model)
(Polynomial Texture Mapping (PTM)) where the light-source
can be changed by the user.

Using RTI images captured in the Louvre Museum in Paris,
researchers at the university of Oxford have been able to
significantly advance the study of one of the world's earliest and
still undeciphered writing systems, proto-Elamite, mimicking
in the classroom the work of the epigrapher in the museum.
This method has proven particularly valuable when examining
secondary additions to certain signs, lightly impressed signs,
alterations to signs, or seal impressions.

Proto-Elamite is the conventional name give to a derived
writing system emerging in Iran following the spread of the
culture and technological advances of the Late Uruk period in
Mesopotamia into Western Iran c. 3500 BC (Dahl 2013a). The
writing system is defined by having a high number of singletons,
and possibly a high number of scribal errors, perhaps resulting
from never having been standardized (Dahl 2002 and Dahl
2013b). A majority of the extant proto-Elamite texts are kept in
the Louvre Museum, Paris, and the National Museum of Iran,
Teheran. The writing system disappeared after a short use of
at most a few centuries, and writing was not used in Iran for the
following five centuries or longer.

It has long been realized that deciphering early scripts
involves more than merely a linguistic puzzle, that features
such as seal impressions, scribal marks, etc. hold valuable
information, and that the materiality of writing is therefore more

important for the study of early writing then anywhere else
(Damerow 2006). Subtle differences in sign forms may be the
result of scribal hands, semantic variation, or simply lack of
practice (André-Salvini and Dahl in press).

Traditional print-representations of early writing specimens
only poorly represent the physicality of the object. Proto-Elamite
and other early writing systems are often studied by very small
groups of researchers at universities or research institutions
across the globe. Previous generations of researchers were
confined to either using hand copies of the originals, of varying
quality, or consulting the originals in museums far from their
home institutions, when attempting to decode the information
of these documents. High-resolution, dynamic images of these
text artifacts therefore have the potential of transforming the
study of early writing by simulating first-hand consultation of
the originals, enabling shared research, and bringing together
disparate data-sets.

Over the course of the last two years c. 1100 tablets and
fragments in the Louvre Museum were imaged with the
camera dome (André-Salvini and Dahl 2013a). Results of
research facilitated by these images is now being published.
For example, the study of RTI images of two tablets in the
Louvre Museum (Sb 15229 and 15456) challenged the existing
view of the imagery of the seal impression found on both (a
couple of humanoid figures as well as animals), and led to
a strengthening of the theory that no representations of the
human form was allowed in glyptic art of the proto-Elamite
period (results later confirmed by collation of originals in the
Museum) (Dahl 2014).

The main issue facing a wider application of RTI technology
in the study of ancient writing is the size of the files (mostly
256 mb per image, six needed for a cuneiform tablet), and
the lack of a suitable on-line viewer. Image size is becoming
less of an issue over time, and the issue of an on-line
viewer is the focus of at least one ongoing project (http://
www.arts.kuleuven.be/info/ONO/Meso/cuneiformcollection
and http://portablelightdome.wordpress.com). In the meantime
captures taken by the camera dome can be used to produce
very high quality static images by blending different views
together in an image editor.
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Digital image processing is an expanding domain in the DH
that naturally finds its place in the overall 

knowledge and meaning creation process that is the ultimate
aim of the study of ancient textual artefacts. The cognitive
aspects of this intrinsically interpretative process play a
major role in the endeavour and continually interact with the
computational processing mobilized by image capture and
processing methodologies. In this paper, I aim to present some
of the cognitive aspects of the interpretation of textual artefacts
that intervene in the analysis of their digital image avatars. To
illustrate those cognitive processes, I will present them in the
context of “naturalistic” observations  of expert papyrologists
and assyriologists working on ancient textual artefacts
(observations made following ethnographic methodologies) ,
and connect them with similar observations made in the
controlled settings of laboratory experiments as reported in the
cognitive sciences literature. Each example illustrates how one
specific cognitive process has been aided by the use of digital
image-based technology, and how they are integrated into the
interpretation workflow.

It is worth specifying that the processes highlighted here
are perceptual in nature, rather than conceptual; however, as
they participate in the act of interpretation of textual artefacts,
in the act of knowledge creation and sense-making, they
definitely qualify as cognitive processes. These cognitive
processes are efficient and complementary with the services
that digital tools can render. My aim in identifying them is not
to attempt to emulate them digitally, but rather to identify where
computational processing can provide help and where the
upper hand is best left to the experts.
��!���������������$��������$��+� ���������������&���

(in collaboration with Prof. D’Alessio (KCL), and Dr Elsner
(Oxford))>�Here the computational processing involved infrared
image capture, and, in later work, digital image alignment
(of the front and back images) as well as virtual rolling of the
papyrus (Tarte, 2012). The virtual rolling was made in order to
evaluate the hypothesis that the papyrus fragments needed
to be reordered based on traces of inks from the reverse of
the papyrus that seemed to have transferred to the obverse
by mirror impression while the papyrus was rolled up. Beyond
providing a rigorous argument in favour of reordering, the
actual process of virtually rolling the papyrus prompted a re-
materialization of it. A physical avatar was produced which
allowed the researchers to experience for themselves the
rolling of the document and thereby ascertain that the ink
transfers could have resulted from the roll, confirming the
plausibility of the reordering of the fragments. This enacted
approach to interpretation, enabled by the upstream image-
based technologies that have been mobilized, points to what
the neurosciences call ��$��������������, where “Social
Meaning is primarily the object of practical concern and not of
theoretical judgment… It relies on non-inferential mechanisms,
which do not require the explicit use of rationality” (Gallese,
2005, p43). Through a combination of image processing output
and enacted engagement with a physical avatar, aspects of the
intangible papyrus have been made tangible. 
��!�����������������������������+�����5�������&���

(��������$��� known as the "Frisian Ox" tablet (in
collaboration with Prof. Bowman (Oxford) and Prof. Terras
(UCL)). Beyond image capture, here the computational
processing involved removing the woodgrain and enhancing the
visibility of the scratches that constitute the script (Tarte, 2011).
Digital technologies were also used to produce line drawings
by means of a drawing tablet that allowed for the tracing of the
text over any digital image from the collection that had been
captured. One of the cognitive processes that ensued has to do
with ����������������. By tracing the letter shapes, experts
filled in the gaps where portions of character were absent. This
enacted approach to interpretation, enabled by the upstream
image-based technologies that have been mobilized, points
to the phenomenon the neurosciences call �������&�������:
“Detection of an illusory figure shows a precedence of specific
global object properties over local attributes ... it is the surface
rather than the contour that guides search” (Conci et al., 2007,
p1293-4). This in part explains why the expert papyrologists
stipulated that the woodgrain removal algorithms applied to
the images were not only not very helpful, but also possibly

confusing. Through a combination of illusory contour detection
and digital tracing of the letters, aspects of the inarticulate text
of the tablet have been made articulate.
��!��������������$�������$��+������� ���������$���� from

ancient Iran (in collaboration with Dr Dahl (Oxford) – cf paper
on this panel). Here the computational processing involved the
deployment of an advanced image capture technique known as
Reflectance Transformation Imaging (RTI (Earl et al., 2011)).
Through this technique, it is possible to interactively change the
position of a unidirectional light source shone onto the artefact,
thereby allowing for the accentuation of its physical geography
- an enormous asset when dealing with 3D scripts such as
proto-Elamite. In effect, what RTI allows is to mobilize �����
�����������������������������������������)�(Rogers and
Graham, 1982): RTI supports depth perception, and results in
making visible the otherwise invisible.
��!�����������������$����������$��+�%������������

��$�����from Ancient Cyprus (in collaboration with Dr Bodard
(KCL) and Prof. Radaelli (Oxford)). Here the crystalline nature
of the support makes the texts indiscernible. As mounting
evidence in recent bodies of work in the cognitive sciences
points to an ��������������������������������(��!
(related to embodied cognition), where visualizing the results
of an action mobilizes the pre-motor areas of the brain that
correspond to the observed action (such as in reading/
writing, or in painting (Taylor et al., 2012)), Scanning Electron
Microscope (SEM) images, which reveal disruptions in the
crystalline structure of selenite, have the potential to inform
the viewer on the ductus and the dynamics of the act of
writing, thereby facilitating reading by making the indiscernible
dynamics of writing discernible.

In each of these examples I have selected one specific
cognitive process that took place. Of course, many others
occurred, and each of those cases could have been used
to illustrate one or more of the other cognitive processes
highlighted here. Further work will explore the interaction of the
perceptual and conceptual cognitive processes mobilized in the
interpretation of textual artefacts, and how to integrate them in a
digitally supported workflow. 
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As documentary sources photographs can offer historians
new ways to uncover, interrogate, visualise and communicate
about the past. In the past new insights into historical
questions have been gained through unexpected and often
serendipitous observations in historical photographs: for
example, the seemingly accidental discovery of the young
Hitler in photographs of social-democratic rallies (cf Krumeich
2001).  Recent developments in facial recognition and image
analysis techniques (see, inter alia, Wang et al. 2013, Singh et
al. 2013 and Vieira et al. 2013) offer historians (and researchers
across the humanities and beyond) new ways to think about
and analyse visual documentary evidence. The application
of facial recognition techniques may well contribute to the
establishment of a more systematic basis for the discovery and
analysis of actors and social networks in historical photographs,
and perhaps for automatically identifying ‘suspect’ photographs.
Nevertheless, comparatively little research seems to be ongoing
within the DH into the applications of such facial detection,
recognition and visual computing techniques.

Automated facial detection has become ubiquitous in day
to day life. It is used on public and private CCTV-networks
for crime and terror prevention, for example, by preselecting
information for screening and at border controls using biometric
passports. Digital cameras and mobile phones can auto-
detect faces and even smiles on faces (see Deniz, O. et al.
2008), replacing traditional passwords or providing ‘convisual’
information to photographers, like the names of the people in
the viewfinder if these people have been photographed before
(see, for example, Brown 2011). Social media networks like
Facebook or Twitter engage in the batch-tagging of people
in photographs, while popular image cataloguing software
packages like Google’s Picasa allow automatic graphical
indexation of large snapshot collections at home. Automated
facial detection, despite still being a relatively new branch
of image analysis, has quickly matured and allows the facial
indexation of large graphical databases. The result is that
graphical information can be searched in ways that have
hitherto been impossible.

Nevertheless, within the context of DH, few applications of
such techniques can be noticed in the published literature.
The paper will start with a review of literature related to image
analysis techniques in order to present both the technological
state of the art and uses that are being made of image
analysis techniques in DH. A review of the literature relating to
historians’ methodological engagement with visual documentary
sources will also identify existing and new research problems
in historical research that facial recognition techniques could
be applied to, leading to a discussion of the potentials and
drawbacks that facial recognition techniques hold for this kind of
research.

In the context of DH, the most substantial research to date is
that of Suárez, de la Rosa Pérez and Ulloa (2013), who have
applied such techniques to representations of the human face
in world literature.  To do so they analysed more than 123,500
paintings from all periods of art history with a face recognition
algorithm used in Facebook’s photo-tagging system and
automatically identified over 26,000 faces. Using techniques
like, among others, the Elastic Bunch Graph Matching (Wiskott
et al. 1997), they were able to detect what they term basic
features (e.g. information about the position of facial features
such as eyes and nose) and extended features (e.g. gender,
mood, age range). They conclude that by comparing “the basic
features set using graphs and the extended features set using
clustering by K-Means method (Sculley 2010) … we are at
the perfect position to analyze and characterize each of the
groups according to different historical perspectives and cultural
questions, for instance, the distinction among styles by giving
a minimum set of features that determines its membership” (p,
535) .

From the perspective of facial recognition techniques
noteworthy recent developments include the 3D face
recognition systems by the University of Bradford’s Centre for
Visual Computing, which they state has led to the development
of a prototype system that “demonstrates that 3D facial data
can overcome many inherent problems in image-based
(2D) face recognition. This can be accurate up to the level
of differentiating between identical twins” (see University of

Bradford 2013). However, for my present purpose it is mostly
historical photographs that are under discussion and at the
time of writing it is not clear how such a system would work
with historical photographs (even if 3D models of the 2D
photographs were created using technology such as freely
available software platforms like 123D Catch).

To conclude the talk an overview of the initial findings of a
project on First World War photographs that we have recently
started will be presented. WW1 was the first major war where
photography was affordable and routinely used in both official
and amateur channels; thus visual documentary evidence
from the period is vital to its study. During WW1 Belgian
refugees arrived in Britain en masse in what transpired to be
the largest ingress of refugees in British history. However,
our understanding of who arrived, how they intersected with
British and diasporic social networks, how long they stayed,
and whether they settled or returned home is limited. One of the
historical applications reported on in this paper will be the initial
findings of a pilot project that is investigating accuracy rates of
facial detection techniques on historical photographs of WW1
Belgian refugees.
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