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Vorwort

Das Institut für Dokumentologie und Editorik (IDE) präsentiert hiermit den dritten
Band zurKodikologie und Paläographie im Digitalen Zeitalter, verö�entlicht als zehnter
Band in der Schriftenreihe des IDE. Der Band versammelt ein weiteres Mal aktuelle
Berichte aus dem Bereich computergestützter Handschriftenforschung. Sie spiegeln
den aktuellen Stand digitaler Forschung an mittelalterlichen Handschriften wider
und bilden damit einen �Schnappschuss� einer sich rasant weiterentwickelnden
Forschungslandschaft.

Das IDE hatte durch einen Call for Papers zur Einsendung von Beiträgen aufgerufen.
Die eingereichten Beiträge wurden einer internen Begutachtung im Herausgebergre-
mium und einem anonymisierten Peer-reviewing externer Fachgutachter unterzogen.

Verweise zu Webseiten und Online-Resourcen in den bibliographischen Anhängen
schlieÿen nach Möglichkeit Angaben zu Publikationsort und -zeitraum mit ein. URL-
Adressen wurden generell Ende Mai 2015 überprüft.

Unser Dank gebührt allen beitragenden Autorinnen und Autoren dafür, dass sie
diesen Band überhaupt erst ermöglicht haben. Darüber hinaus ist einer Reihe von un-
entbehrlichen Helferinnen und Helfern herzlich zu danken: Stefan Dumont (Berlin) für
französische Korrekturen; Johanna Puhl (Köln) für die Einbandgestaltung; Bernhard
Assmann (Köln) bewältigte erneut alle technischen Finessen der Drucklegung.

Berlin, Graz und Wolfenbüttel im Juni 2015, die Herausgeber





Preface

The Institute for Documentology and Scholarly Editing (IDE) hereby presents the
third volume onCodicology and Palaeography in the Digital Age, published as the
tenth volume in the IDE series. The volume again acquires papers from the area of
computer-aided manuscript research. They document the current state of research
on medieval manuscripts and form a �snapshot� of a fast changing �eld.

The IDE published a call for papers. The papers sent in have been reviewed both
internally by the board of editors as well as by external experts in an anonymised
peer-review process.

References to web sites and online resources in the bibliographies include, as far as
possible, information on place and date of the publication. URLs were checked in late
May 2015.

We are grateful to all contributors who made this volume possible. In addition, we
have to thank for indispensable support at various stages in preparing this publication:
Stefan Dumont (Berlin) for remarks and corrections on French texts; Johanna Puhl
(Cologne) for cover design; Bernhard Assmann (Cologne) once again smoothly created
the print version.

Berlin, Graz, and Wolfenbüttel, June 2015, the editors
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Einleitung

Oliver Duntze

Das diesen Band einleitende �Manifest� ist das Resultat des durch einen der Her-
ausgeber des letzten Bandes zurKodikologie und Paläographie im Digitalen Zeitalter
(KPDZ) in der Schriftenreihe des IDE, Malte Rehbein, mitorganisierten Dagstuhl-
Seminars 12382 (Perspectives Workshop: Computation and Palaeography: Potentials
and Limits).1 Der Beitrag ist wegen seiner grundlegenden Ausrichtung als Zweitver-
ö�entlichung, gewissermaÿen als erweiterte Einleitung, in den vorliegenden Band
aufgenommen worden.Tal Hassner, Malte Rehbein, Peter A. Stokesund Lior Wolf
zeigen hier den Stand der computergestützten Paläographie in ihren verschiedenen
Ausprägungen auf. Als Problemfelder stellen sich dabei die weniger durch technische
als durch rechtliche Rahmenbedingungen erschwerte Datenerhebung dar, die Not-
wendigkeit einer interdisziplinären Zusammenarbeit von WissenschaftlerInnen sehr
unterschiedlich geprägter Wissenschaftskulturen und das Problem technischer �black
boxes�, deren Arbeitsweise für die paläographischen Fachwissenschaftler häu�g nicht
nachvollziehbar ist und deren Ergebnisse daher schwer zu interpretieren sind. Die
Autoren schlagen verschiedene Ansätze zur Lösung dieser Probleme vor, u.a. die
Ausbildung von �in-betweenern� - WissenschaftlerInnen, die sowohl eine geisteswis-
senschaftliche als auch eine informationstechnische Expertise besitzen, die O�enheit
computergestützter Systeme, die den AnwenderInnen die Möglichkeit manueller Ein-
gri�e ermöglichen, oder auch die Erarbeitung einer interdisziplinären Ontologie, die
sowohl informationstechnologische als auch paläographische Sachverhalte abbilden
kann.

I. Digitale Reproduktion als paläographisches Werkzeug

Die Beiträge dieser Sektion fallen in den vonHassner et. al.als �Data Acquisition�
bezeichneten Bereich. Der Ausgangspunkt einer genuin �digitalen� Untersuchung von
Manuskripten ist in den meisten Fällen die digitale Reproduktion einer Handschrift.
Neben herkömmlichen Reproduktionsverfahren � hochau�ösende digitale Fotos oder
Scans � existieren inzwischen verschiedene spezialisierte Methoden, die auch für
Handschriften zur Anwendung kommen.

1 Dagstuhl Manifestos, Volume 2, Issue 1, pp. 14�35. <doi:10.4230/DagMan.2.1.14>
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Multispektalfotogra�e (MultiSpectral Imaging, MSI) �ndet bereits häu�ger An-
wendung bei der Lesbarmachung schlecht lesbarer oder beschädigter Manuskripte.
Fabian Hollaus, Melanie Gau, Robert Slabatnig, William A. Christens-Barryund Heinz
Miklasstellen in ihrem Beitrag verschiedene Techniken vor, die zur Verbesserung
der Lesbarkeit von MSI-Reproduktionen angewendet werden können und bewerten
diese. Der zweite Teil des Beitrags schlieÿt an die in KPDZ II publizierte Projekt-
vorstellung �The Enigma of the Sinaitic Glagolitic Tradition� an und stellt neueste
Erkenntnisse vor. Hier wurden die beschriebenen Techniken zur Lesbarkeitsverbesse-
rung von MSI-Aufnahmen erfolgreich eingesetzt sowie Verfahren für Bildbearbeitung
und Layoutanalyse weiterentwickelt.

Reproduktionstechniken wie die Multispektralfotogra�e zeigen deutlich die von
Hassner et. al. hervorgehobene Notwendigkeit interdisziplinärer Zusammenarbeit
im Bereich der digitalen Paläographie. Derartige Techniken bedürfen stets einer
vertieften technischen Expertise, die in der akademischen paläographischen Lehre
wohl kaum vermittelt werden kann. Die Zusammenarbeit geisteswissenschaftlicher
und technischer Forschung ist hier unerlässlich.

Eine wichtige Voraussetzung für eine breitere Nutzung elaborierter Reprodukti-
onstechniken wie der Multispektralfotogra�e wäre eine leichtere Zugänglichkeit und
Portabilität der eingesetzten Geräte und � damit verbunden � eine Reduktion der
Kosten für die Herstellung der Reproduktionen. Derzeit können �neue� Reproduk-
tionstechniken nur in wenigen Projekten eingesetzt werden, und paläographische
Untersuchungen sind im Kontext der noch vorwiegenden Forschung als Leistung indi-
vidueller Forscher, wie z.B. bei Dissertationen oder kleineren Forschungsprojekten mit
geringem Fördervolumen, auf herkömmliche Reproduktionen angewiesen. In diesem
Kontext istChristine VothsBeitrag als praxisorientierter Beitrag zu verstehen, der
zeigt, dass auch ohne spezialisierte Reproduktionsverfahren hergestellte Scans oder
Fotogra�en als Ausgangsbasis für die Entzi�erung schwer lesbarer und beschädigter
Manuskripte dienen können. Am Beispiel einer medizinischen Handschrift kannVoth
zeigen, dass in vielen Fällen auch die Bildbearbeitungsalgorithmen herkömmlicher
Gra�ksoftware � die richtige Einstellung der vielfältigen Parameter vorausgesetzt
� zu einer nennenswerten Verbesserung der Lesbarkeit auch bei problematischem
Ausgangsmaterial führen können.

II. Verwaltung von Erschlieÿungsdaten

Die zweite Sektion versammelt Fallstudien, die sich auf die Organisation und Auswer-
tung von Menschen erzeugter Daten über Schriften und Handschriften konzentrieren.

Den Nutzen quanti�zierender Methoden in der Paläographie demonstriertRombert
Stapelam Beispiel des spätmittelalterlichen Schreibers Hendrik van Vianen. Die statis-
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tische Auswertung verschiedener paläographischer Merkmale in der Transkription der
Handschriften Henrik van Vianens ermöglicht es, einen skripturalen �Fingerabdruck�
des Schreibers zu erstellen.2 Dieser erlaubt nicht nur eine Schreiberidenti�kation,
sondern gibt auch Hinweise auf die chronologische Entwicklung der Schreibpraxis
eines individuellen Schreibers. Anders als Beiträge aus dem Kern der Paläographie
kann Stapel dabei auf eine graphematische Annotation weitgehend verzichten und
seine Beobachtungen auf orthographische Phänomene stützen.

Matthieu BonicelundDominique Stutzmannstellen in ihrem Beitrag den Prototypen
einer für das iPad entwickelten Applikation vor, die eine kollaborative Annotation
von Digitalisaten mittelalterlicher Handschriften ermöglicht und für die Speicherung
der Annotationen das SharedCanvas-Datenmodell einsetzt. Als Prototyp zeigt die
Anwendung, auf welche Weise technische Neuerungen wie Touchscreens und mobile
Endgeräte für die mediävistische Forschung eingesetzt werden können. Dabei rückt
auch das in den Digital Humanities häu�g vernachlässigte Problem der Ergonomie
von Softwareanwendungen in den Fokus. Der Touchscreen ist als haptisch-visuelles
mediales Interface dem Untersuchungsgegenstand, der mittelalterlichen Handschrift,
deutlich näher als es bei herkömmlichen Desktop-Computern der Fall ist.

Für die Datierung von Papierhandschriften sind Wasserzeichen eines der wichtigs-
ten Hilfsmittel. An verschiedenen Orten sind deshalb Dokumentationen entstanden,
welche es erlauben sollen, Papiere gleicher Herstellungstranchen zu identi�zieren. Der
Beitrag vonErwin Frauenknechtund Maria Stiegleckerberichtet von den Ergebnissen
des Projekts, dasChristina Wolf in KPDZ I3 vorgestellt hat. Es ist dabei eine Web-
Anwendung entstanden, die Bearbeitern und Benutzern umfangreiche Funktionalität
zur Verfügung stellt. Ein solches Portal demonstriert eindrucksvoll, wie bei ihrer
Entstehung akzidentielle Kulturprodukte durch moderne Informationstechnologien
zu wichtigen Forschungsinstrumenten werden.

Der abschlieÿende Beitrag verlässt den Bereich der Handschriftenforschung im
engeren Sinne und widmet sich der Paläographie von Inschriften.Elisa Pallottini

2 Vgl. dazu auch folgende, einschlägige Arbeiten: Fiebig, Annegret.Urkundentext. Computergestützte
Auswertung deutschsprachiger Urkunden der Kuenringer auf Basis der eXtensible Markup Language (XML).
Leinfelden-Echterdingen: Thorbecke, 2000. Schriften zur südwestdeutschen Landeskunde 33; Hofmeister,
Wernfried, Andrea Hofmeister-Winter, Georg Thallinger. �Forschung am Rande des paläographischen
Zweifels. Die EDV-basierte Erfassung individueller Schriftzüge im Projekt DamalS.�Kodikologie und Pa-
läographie im digitalen Zeitalter. Hrsg Malte Rehbein, Patrick Sahle u. Torsten Schaÿan. Norderstedt: BoD,
2009. Schriften des Instituts für Dokumentologie und Editorik 2. S. 261-292. <urn:nbn:de:hbz:38-29748>;
Stutzmann, Dominique. �PalØographie statistique pour dØcrire, identi�er, dater... Normaliser pour
coopØrer et aller plus loin?�Kodikologie und Paläographie im Digitalen Zeitalter 2. Hrsg. Franz Fischer,
Christiane Fritze u. Georg Vogeler. Norderstedt: BoD, 2010. Schriften des Instituts für Dokumentologie
und Editorik 3, S. 247-277. <urn:nbn:de:hbz:38-43535>

3 Wolf, Christina. �Aufbau eines Informationssystems für Wasserzeichen in den DFG-
Handschriftenzentren.�Kodikologie und Paläographie im Digitalen Zeitalter. Hrsg. Malte Rehbein,
Patrick Sahle und Torsten Schaÿan. Norderstedt: BoD, 2009, 97�107. <urn:nbn:de:hbz:38-29639>
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beschreibt das von ihr zusammengestellte Corpus mittelalterlicher Inschriften in
Viterbo und damit den Aufbau einer spezialisierten Datenbank mit einer lokal und
zeitlich eingegrenzten Erfassungsbasis. Im Rahmen eines PhD-Projekts entstanden,
kann sich der Umfang der Datenbank nicht mit dem Datenvolumen langfristiger
Forschungsprojekte messen, doch sind die Aspekte der Corpuszusammenstellung,
diePallottinibeschreibt, exemplarisch für viele kleiner dimensionierte Projekte. Der
Übergang in strukturierte Dokumentationsformen macht die Ambiguität verbaler
Beschreibungsformen, aber auch mit ihnen erfasster historischer Realität deutlich.

Die hier versammelten Studien zeigen die Vielfalt computergestützter paläogra-
phischer, kodikologischer und epigraphischer Forschung, doch wird auch deutlich,
dass die vonHassner et. al. eingeforderte Standardisierung im Bereich der computer-
gestützten Manuskriptforschung ein dringend zu bearbeitendes Desiderat ist.
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Computation and Palaeography:
Potentials and Limits 1

Tal Hassner, Malte Rehbein, Peter A. Stokes, Lior Wolf (Eds.)

Abstract

This manifesto documents the program and outcomes of Dagstuhl Seminar 12382
‘Perspectives Workshop: Computation and Palaeography: Potentials and Limits’. The
workshop focused on the interaction of palaeography, the study of ancient and me-
dieval documents, with computerised tools, particularly those developed for analysis
of digital images and text mining. The goal of this marriage of disciplines is to provide
e�cient solutions to time and labor consuming palaeographic tasks. It furthermore
attempts to provide scholars with quantitative evidence to palaeographical arguments,
consequently facilitating a better understanding of our cultural heritage through the
unique perspective of ancient and medieval documents. The workshop provided a
vital opportunity for palaeographers to interact and discuss the potential of digital
methods with computer scientists specialising in machine vision and statistical data
analysis. This was essential not only in suggesting new directions and ideas for
improving palaeographic research, but also in identifying questions which scholars
working individually, in their respective �elds, would not have asked without directly
communicating with colleagues from outside their research community.

Zusammenfassung

Dieses Manifest dokumentiert das Programm and Resultate des Dagstuhl Seminars
12382 ‘Perspectives Workshop: Computation and Palaeography: Potentials and Lim-
its’. Der Gegenstand des Workshops war die Interaktion von Paläographie und dem
Studium antiker und mittelalterlicher Dokumente mit computergestützten Werkzeu-
gen, insbesondere solchen für die Analyse digitaler Bilder und für Text-Mining.
Mit dieser interdisziplinären Zusammenarbeit sollen e�ziente Lösungen für zeit-
und arbeitsintensive paläographische Aufgaben bereitgestellt werden. Darüber hin-
aus sollen Forscher quantitative Argumente für paläographische Diskussionen an
die Hand gegeben werden, welche in der Folge ein besseres Verständnis unseres

1 Author names in alphabetical order. This paper was �rst published inDagstuhl Manifestos, Volume 2,
Issue 1, pp.14�35. doi.:10.4230/DagMan.2.1.14.
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kulturellen Erbes durch die einmalige Perspektive antiker und mittelalterlicher Doku-
mente ermöglichen. Der Workshop bot eine wichtige Gelegenheit für Paläographen,
mit Spezialisten für maschinelles Sehen und statistischer Datenanalyse ins Gespräch
zu kommen und das Potential digitaler Methoden zu diskutieren. Dies war nicht nur
essentiell, um neue Forschungsrichtungen und Ideen für verbesserte paläographische
Forschung zu entwickeln, sondern auch, um Forschungsfragen zu identi�zieren,
welche die einzeln in ihren Feldern arbeitenden Forscher nicht ohne die direkte Kom-
munikation mit Kollegen auÿerhalb ihrer Forschungscommunities gestellt hätten.

Executive Summary

Perspectives Workshop 18.�21. Sept., 2012 � http://www.dagstuhl.de/12382
1998 ACM Subject Classi�cation I.5.4 Applications (Text processing, Computer
vision), I.7 Document and Text Processing, H.3.7 Digital Libraries, J.5 Arts and
Humanities (Literature)

The Schloss Dagstuhl Perspectives Workshop on ‘Computation and Palaeography:
Potentials and Limits’ focused on the interaction of palaeography, the study of ancient
and medieval documents, and computerised tools developed for the analysis of digital
images in computer vision (a full report of which is available in [18]). During the
workshop, the interaction between domain experts from palaeography and computer
scientists with computer vision backgrounds has yielded several very clear themes
for the future of computerised tools in palaeographic research. Namely,

� di�culties in communication between palaeographers and computer scientists
is a prevailing problem. This is often re�ected not only in computerised tools
failing to meet the requirements of palaeography practitioners but also in the
terminology used by the two disciplines. Better communication should be fostered
by joint events and long-term collaborations.

� computerised palaeographic tools are often black boxes which put the palaeog-
rapher on one end of the system, only receiving a systems output, with little
opportunity to directly in�uence how the system performs or to communicate
with it using natural palaeographic terminology. The long-term desire is to have
the scholar at the center of the computerised system, allowing interaction and
feedback in order to both �ne-tune performance and better interpret and commu-
nicate results. This is crucial if palaeography is to become a truly evidence based
discipline. To this end the use of high-level terminology, natural to palaeography,
should be integrated into computerised palaeographic systems.

� palaeographic data, scarce to begin with, is even more restricted by accessibility
and indexing problems, non-standard benchmarking techniques and the lack

http://www.dagstuhl.de/12382
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of accurate meta-data and ground truth information. Multiple opportunities
were identi�ed for acquiring data and disseminating it both in the palaeographic
research community and outside to the general public.

� palaeographic research is largely restricted to the domain of experts. Making
palaeography accessible to non-experts by using computerised tools has been
identi�ed as an e�ective means of disseminating valuable cultural heritage infor-
mation while at the same time potentially giving rise to crowdsourcing opportu-
nities, such as those proved successful in other domains.

In addition to these themes, several speci�c recommendations regarding research
infrastructure and support were made. These include:

1. A clear articulation of standards for digital image acquisition followed by all
digital imaging projects when possible.

2. EU-wide harmonisation of copyright and licensing practices. Copyright or con-
tractual use restrictions on photographs of cultural heritage items create many
barriers for researchers. In many cases, tax-funded or state-supported research
projects must expend signi�cant �nancial and human resources on negotiating
and paying for reproduction rights, even if those rights are being obtained from
state repositories.

3. Ideally, set copyright appropriately to allow for large-scale studies of collections
of manuscript images. Making large sets of images more easily available at an
international scale would greatly facilitate the pursuit of signi�cant new research
questions.

4. Encouraging an interdisciplinary research agenda including disciplines dealing
with computable images from various perspectives such as medical imaging, cog-
nitive sciences, Cultural Heritage Imaging (CHI), or Natural Language Processing
(NLP).

This manifesto elaborates on the existing challenges and limitations of the �eld and
details the long-term recommendations that have emerged in the workshop.

1. Introduction

Manuscripts are the most important witnesses to and artefacts from our shared
cultural heritage of the European Middle Ages. Current estimates are that close to one
million manuscript books survived along with countless archival documents from a
period stretching across more than a millennium. Cumulatively, these documents are
the chief sources of history, history of science, literature, and art history (due to the
presence of manuscript decoration) from that period. Moreover, these manuscripts are
important subjects of scienti�c enquiry in their own right, as they bear witness to the
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history of the book, to scribal and monastic culture, the history of the development
of handwriting systems, languages and dialects, the history and genealogy of texts
over time, and the evolution of strategies for organising texts and knowledge.

Although often taken more broadly, palaeography is in essence the study of old
handwriting from manuscripts. As such, palaeographers are often asked one of four
questions regarding manuscript documents from the past: what was written? when
was this written? where was it written? and by whom? Answering these questions,
and indeed reading the text itself, are basic prerequisites for any kind of work with
primary sources, and the study of almost all �elds relevant to the ancient and medieval
past therefore depends on them. In this respect palaeography is sometimes regarded
as a �mere� auxiliary discipline. However, palaeography also extends beyond this: it
encompasses the history of one of humanity’s most pervasive technologies � writing
� and therefore raises questions of cultural history, the development and spread of
ideas, and so on, along with the deep understanding of the transmission and use
of texts which it brings. Misunderstandings here can lead to signi�cant errors in
scholarship, such as basing historical arguments on charters which prove to be late
forgeries [47], or conducting studies of spelling and automatic authorship attribution
without considering the e�ects of textual transmission, both scribal and editorial, and
the changes that this brings [49].

Palaeography as a discipline typically involves di�cult, complex, and time-
consuming tasks, often involving reference to a variety of linguistic and archaeological
data sets, and the invocation of previous knowledge of similar documentary material.
Due to the involved reading process, it is di�cult to record how the �nal interpreta-
tion of the document was reached, and which competing hypotheses were presented,
adopted, or discarded in the process. It is also di�cult to acknowledge and present
the probabilities and uncertainties which were called on to resolve a �nal reading
of a text. As a result, palaeographical discussion tends towards assertions based on
experience with little supporting evidence � sometimes none at all � and this has led
to an allegedly �authoritarian� discipline which depends on �faith� [10] or �dogma�
[16] and is based on �informed guesswork� [16]. It is perhaps no surprise that the
discipline itself su�ers as a result [10, 3].

Palaeography as a discipline is, however, of high relevance for society and economy.
All of the world’s written heritage was written by hand until the invention of printing,
and texts written by hand have remained important ever since. Manuscripts are
hence one of the major sources of knowledge of human culture and society, crossing
the borders of modern nations, for most of what we call history. However, unlike
printed texts which are distributed through libraries, handwritten sources are often
accessible only to a very small and highly trained group of experts, and hundreds
of thousands if not millions of manuscripts are scattered around the world. They
can be di�cult to �nd and di�cult to read, are often written in an old language, and
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frequently deal with a subject matter that can be understood only by experts. On the
other hand, however, they can be a valuable resource also for public interest such as
regional economies and tourism, as demonstrated by highly successful exhibitions
which charge for entry such as the Book of Kells at Trinity College in Dublin, a book
which was also an inspiration for creativity and the generation of further derived
art. There are relatively few examples of manuscripts exploited in this way, but this
material remains important for connecting people with their heritage and fostering
identity, be it local, regional, national or pan-national.

Research can enhance and popularise the access to this largely untapped resource
and can increase the number of bene�ciaries of the documents. This is an invest-
ment that may bring large returns in the long term. In addition, the area of digital
palaeography which is examined in this manifesto promotes technical research in
challenging problems, such as processing of ancient documents, and can help develop
techniques that may be helpful in other areas.

2. Computation in Palaeography

2.1. State-of-the-Art

Partly in response to the perception of palaeography as �dogma�, scholars worldwide
have been developing and employing new technologies and computer-based methods
for palaeographic research. This approach, often referred to as Digital Palaeography
[7] and situated in the wider �eld of Digital Humanities, aims to improve and enhance
the traditional methods. Its goal is to help e�ciently solve palaeographic issues and/or
provide more quantitative evidence to palaeographical arguments, and in consequence
to cater for a better understanding of our cultural heritage.

As of today, there are numerous projects concerned with developing such method-
ologies. These encompass a wide range of scienti�c, interdisciplinary approaches
such as forensic document analysis, optical character recognition, quanti�cation of
�scribal �ngerprints�, metric analysis, quantitative methods, advanced manuscript
analyses such as DNA and imaging techniques such as multi-spectral digitisation,
classi�cation systems and databases. Although some achievements have been made
already, much research is still required. For instance, something as seemingly funda-
mental as the automated recognition of characters in handwritten texts has proven
extremely complex, due largely to the very wide variation in styles of handwriting,
the often poor quality of surviving manuscripts, the lack of standard orthographies
which complicates prediction, and so on.

Such computational methods as proposed by digital palaeography have been the
subject of research in the last few years, but most of this has been theoretical or
applied only to small cases, partly because of the very high degree of labour that is
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typically involved [7, 2, 48, 40]. The applications to date have also focused almost
exclusively on the question of scribal identity, ignoring other aspects of palaeography.
Furthermore, they tend to view letter-forms as objects outside the manuscript or
documentary context in which they were written, but palaeographers have long
understood that handwriting depends heavily on the context in which it is produced
([4, 53], among many). Much more signi�cantly, these methods tend to make the
computer a �black box� which receives images of manuscripts at one end and returns a
classi�cation of the handwriting at the other (for examples see [40]). However, they are
normally heavily dependent on very subtle and often unstated assumptions about the
underlying data [44], but it is di�cult or impossible for �traditional� palaeographers
to evaluate these, so that usually scholars cannot evaluate the �black box� and so
are rightly reluctant to accept its results [49, 58, 9, 43]. The major challenge for
computational approaches is to provide a system which presents palaeographical data
quickly and easily in a way which scholars can understand, evaluate, and trust. The
success and impact of research and initiatives in computational methods so far ([54]
with publications [40, 15, 13, 30, 5]) has shown the strong need to combine scienti�c
computing and palaeography in order to further investigate the interdisciplinary
methods and scienti�c �elds. It is also apparent that no institution � let alone a single
scholar � is capable of undertaking comprehensive research that encompasses all
those methods (and potentially more). Thus, a joint e�ort is required, preferably on
an international level.

As became very evident during scholarly meetings on this topic [54, 62, 5], palaeog-
raphers and computer scientists tend to think in di�erent terms and tend not to agree
even on very basic notions such as �evidence� or �meaning�. Successful collaboration
between researchers in humanities and in computer science is not nearly as simple
as �de�ne a computational problem and �nd an algorithm to solve it.� The input is
often loosely de�ned, and the output needs to be more than just a score on some
abstract scale. It is therefore crucial to identify a common level at which e�ective
communication can be established.

2.2. Challenges

During the Dagstuhl Perspectives Workshop, the unmediated interaction between
palaeographers and computer scientists yielded several very clear questions and
themes for the future of research in Digital Palaeography. These include the following
four challenges:

1. How to optimise collaboration between all the di�erent domain experts involved in
Digital Palaeography?
Barriers in communication between palaeographers and computer scientists are a
prevailing problem. This is often re�ected not only in computerised tools failing
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to meet the requirements of palaeographers but also in the di�erent terminologies
used by the two disciplines. It was recommended that better communication
should be fostered by joint events and long-term collaborations.

2. How to ensure that palaeographers remain in control of their research, whilst taking
advantage of the possibilities of computerised approaches?
Computerised palaeographic tools are often �black boxes� putting palaeographers
on one end of the system, only receiving a system’s output, with little opportunity
to directly in�uence how the system performs, or to communicate with it by using
natural palaeographic terminology. The long-term desire is to have the scholar at
the centre of the computerised system, allowing interaction and feedback in order
both to �ne-tune performance and to interpret and communicate results more
e�ectively. This is crucial if palaeography is to become a truly evidence-based
discipline. To this end the use of high-level terminology, natural to palaeography,
should be integrated into computerised palaeographic systems.

3. How to facilitate sharing, not only of palaeographical data and results, but also of
the methodologies involved in palaeography generally?
Palaeographic data is scarce and access to it is restricted by copyright and index-
ing problems, non-standard benchmarking techniques, and the lack of accurate
meta-data and ground-truth information. During the workshop, multiple oppor-
tunities were identi�ed for the acquisition of data and for its dissemination in
the palaeographic research community and to the wider public.

4. How to use the outreach potential o�ered by computerised technologies to enrich
palaeographical knowledge?
Palaeographic research is an expert domain. Making palaeography accessible to
nonexperts by using computerised tools has been identi�ed as an e�ective means
of disseminating valuable cultural heritage information while at the same time
potentially giving rise to other opportunities, such as crowd sourcing and others
which have proved successful in other domains.

2.3. Needs

In this manifesto we address both the technical aspects of the collaboration between
computer scientists and humanists as well as conceptual tools such as �mid level
features� and �ontologies� (discussed below) that can serve as means for e�ective
communication among practitioners. The emphasis of this discussion is not on the
most e�cient algorithm, producing the most accurate results. It is also not on the
least ambiguous and most meaningful de�nitions. Instead, the emphasis is on the
most e�ective and fruitful communication.
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Data Acquisition

Repositories across the European Union have been engaged in large-scale digitisation
e�orts in recent years, resulting in collections of hundreds of thousands or even
millions of digital images of manuscript books and materials. Digital Palaeography
relies on the existence of these digital surrogates of manuscripts. Moreover, some
of the most exciting prospects of this �eld can only be demonstrated on su�ciently
large collections. However, enabling this �rst requires modi�cation of both policies
and acquisition practices.

Speci�cally, from the computer user’s perspective, obtaining digital copies calls for
suitable procedures and for standardisation. Recently, Shweka et al. have suggested
speci�c practices drawing on their experience in large-scale digitisation [45]. These
suggestions range from minimum resolution, to the usage of particular rulers and
background, and also include suggested policies regarding availability and manipula-
bility during viewing. It is emphasised that taking into account the potential usage
of a computer system to analyse the image does not degrade the experience of the
human viewer. For example, while image analysis is much easier on a blue/green
background, for human viewing purposes, such a background can be easily replaced.
We propose the following:

1. A clear articulation of standards for digital image acquisition followed by all
digital imaging projects when possible. Where such standards already exists
(e.g. �DFG-Praxisregeln ‘Digitalisierung’� of the German Research Foundation
(DFG) [17] or JISC Guidelines in the UK [23]), they should be checked against
the requirements of palaeographers (see also [56]) and, if necessary, extended to
encompass and meet them in full. These include practices such as:

� Proper use of colour bars and grey cards.
� Appropriate use and documentation of illumination and equipment (e.g.

lighting parameters including positioning, hardware).
� References to size of original objects using shared standards.
� Metadata descriptions of digitised objects following internationally accepted

standards such as MIX/METS; if one takes several images of the same object
(e.g. di�erent lighting, multiple sizes, multispectral), it is important that the
corresponding metadata indicates that these are images of the same object,
and what the relationship between the images is.

� Information that links multiple names and catalogue records when original
objects have no single identi�er (e.g., a manuscript with shelf marks that
change over time and that is also referred to by other common names in
scholarly literature).

� File naming conventions in order to facilitate the creation of good metadata
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and their proper sequence of images when books or other documents are
being digitised.

2. A set of guidelines articulating how to capture digital and analogue images across
a wide range of technologies � e.g., scanning objects and photographic negatives,
using digital and analogue cameras, digitising micro�lm.

3. EU-wide harmonisation of copyright and licensing practices. Copyright or con-
tractual use restrictions on photographs of cultural heritage items create many
barriers for researchers. In many cases, tax-funded or state-supported research
projects must expend signi�cant �nancial and human resources on negotiating
and paying for reproduction rights, even if those rights are being obtained from
state repositories (cf. [33] and [59]).

4. Furthermore, rights tend to be granted only to scholars or research groups on a
one-by-one basis, which frustrates large-scale studies of collections of manuscript
images [42]. It might be useful to call attention to libraries and museums with pro-
gressive policies that help researchers, such as the Austrian State Library, which
makes images paid for by one project freely available to subsequent researchers
needing those images. Making large sets of images more easily available at an
international scale would greatly facilitate the pursuit of signi�cant new research
questions (e.g., large-scale comparative studies of handwriting that map regional
and national developments of hands across time).

5. Freedom of resources produced by cultural institutions must be actively encour-
aged because it bene�ts the owners and enables research. The more it generates
connections the more it becomes valuable: as well as research connections, it
also generates connections back to the institutions themselves, bringing value
to those institutions (as demonstrated by examples such as [11], for which see
further below).

6. Encouraging an interdisciplinary research agenda including disciplines dealing
with computable images from various perspectives such as medical imaging, cog-
nitive sciences, Cultural Heritage Imaging (CHI), or Natural Language Processing
(NLP).

Tools, Libraries and Resources

The overall objective of tools, software libraries, and resources to be developed in the
context of palaeography is to provide support in establishing the correlation between
text as shape and text as meaning; which, in the most general of senses, can also be
understood as one of the aims of palaeography as a subject.

The starting point is to �rmly acknowledge and map out the domains of expertise
of the agents involved in the process, namely, humans and computer-based tools. On
the one hand, computers excel at dealing with �big data�, namely at tasks ranging
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from holding large amounts of data in memory to carrying out process-intensive
computations such as the identi�cation of �ne di�erences and rare occurrences within
large datasets. On the other hand, humans (including palaeographers) excel at dealing
with data which is ambiguous, complex, or broad, in the sense that the datasets are
made of heterogeneous pieces of data. Humans also excel at making sense of the data,
at expressing its gestalt in the sense that the whole of the data expresses more than
the sum of its parts.

Taking these distinct sets of skills into account, the highest priority in develop-
ing computational resources for palaeography is the production of semi-automatic
and interactive tools, where palaeographers can continually intervene, inform, cor-
rect, understand, use, and reuse results produced by and processes implemented
by these tools. Only in this manner will palaeography bene�t optimally from the
respective strengths of the human and computational agents. Ideally, developing such
semi-automatic and interactive tools will stimulate the establishment of a mutually
bene�cial continuous feedback loop between human and machine, whereby humans
will be involved at all levels of reasoning, machines will be able to learn from human
input, and palaeographers and others will learn and create new knowledge more
e�ectively through the use of machines [22, 25].

We recognise that a critical mass of data is required for performing research, and
the preattentive perception of the data by researchers is a major factor in building new
hypotheses. This critical mass of data can, on the other hand, only be obtained through
usable and ergonomic tools. Hence, in tool development for Digital Palaeography,
focus groups, user testing and proper user interface design is needed in consultation
with humanities scholars as end-users (for which see also [24] and [26]). A further
requirement that emerges from here is the recognition of tool-development as aca-
demic research to encourage Digital Humanities scholars to publish their work and
make it usable by a broader audience.

In the following, we outline the speci�c levels at which helpful computational tools
can be developed as well as possible ways of keeping the humans in the loop. All
tools developed should be compatible with one another and combinable at will (or,
more precisely, as long as the notions involved are compatible, the tools should be).
They might be used sequentially, or contribute to one another. We have identi�ed the
following categories of multi-level computational tools for Digital Palaeography:

1. Low-level tools:
� Binarisation
� Segmentation
� Alignment, matching and registration of features (for similarity measures)

including expert features of handwriting extraction (e.g. angles, curvatures,
strokes)
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� Physical feature extraction
� Similarity measures (for comparison between characters, words, texts, frag-

ments, documents, corpora)
2. Mid-level tools:

� Clustering
� Classi�cation
� Character recognition
� Word spotting
� Cross-modality search engines, where the input for the searches might not

be in the same form as the dataset that is searched, e.g.:
� Search for a string in a text / corpus
� Search for an image in a text / corpus
� Search for a string in an image / a set of images
� Search for an image in an image / a set of images
� Search for a shape (shape would here be a hand-drawn input e.g. SVG,

as opposed to an image that would be in a rasterised format)
� Image-text (shape-meaning) correlation

3. Databases, where the data is organised in a way that allows fast queries of (for
example):

� Metadata
� Transcripts
� Images
� Properties of the text (author, genre, date etc.)
� Scripts and scribal features

4. Higher-level tools:
� Interfaces, ergonomics, user experience (�UI�/�UX�)
� Searches of combinations of characters/words (bigrams, trigrams, possibly

of shapes and/or images)
� Correspondences in expert vocabularies
� Inferences of paraphrases and synonyms for searches through metadata

(widening searches by applying fuzzy techniques on search terms, by pro-
ceeding by analogy, etc.)

� Web services
� Web-based research environments for online collaboration and benchmark-

ing within a global community.
Approaches and tools that keep humans in the loop can further be classi�ed along
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two main lines: data acquisition/exchange, and cognitive triggers/feedback loops.
These include:

1. Data acquisition and exchange:
� Provision of training data / annotated data
� Online training / expert-in-the-loop
� Crowd-sourcing

2. Feedback loops and cognitive triggers:
� Drawing / touch screen technologies
� Simple interactive image enhancements
� Visualisation aspects of interactions with all the tools listed above (of results,

of databases), interactive visualisations � e.g., time varying graphs � with
customisability as a priority [22, 26]

� Rationale building support, tracking of expert hypotheses in interpretation
building

� Statistical tools � with tests of signi�cance
� Information sharing systems
� Transcription tools linking text and image.

3. Towards a Research Agenda for Computation and
Palaeography

3.1. Challenges

This section is focused more on challenges than on constraints. We use the term
�challenge� because it seems that, although the hurdles presented below do constitute
some forms of limitations, we do not believe them to be insurmountable.

Context and Meaning

The �rst observation is that something is generally excluded from systematic analysis,
namely the interpretation of data. Contextual knowledge and meaning, which are
required for interpretation, are both concepts that are usually best handled by humans
because they involve unstructured and non-formalised knowledge. This type of knowl-
edge is often implicit in the natural scholarly environment, and although attempts
can be made to structure and formalise contextual knowledge and sense-making
processes, their continual evolution dooms the task to permanent incompleteness �
which justi�es the palaeographers’ wish for more involvement and interactivity at
various levels of computational formulation and formalisation.
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Access to Data

The second observation is that, beyond context and meaning, current computational
constraints are usually related either to access to data or to data retrieval. The problem
of access to data is largely political in nature, therefore di�ering between countries
and bylaws involved (e.g. in the UK, access and use of images can be drastically
restricted due to copyright and licensing issues: see �Data Acquisition� above). In case
of data retrieval, it is largely the degree of �exibility of the search tools that limits their
usability, their usefulness and thereby their use. Search tools often present di�culties
of precision and recall, and this is usually due to parameters being either too in�exible
or, paradoxically, too �exible. This mismatch between the �exibility needed and the
�exibility provided by the search tools is in fact a good illustration of what we have
identi�ed as the major bottleneck in the collaboration between computational and
palaeographical research, and that bottleneck once again is down to communication.

It might seem at �rst that problems in communication are easy to solve, and that it
is �just� a matter of listening and understanding, a matter of ironing out di�erences.
However, even in our group of twenty people at Dagstuhl from di�erent backgrounds,
where all were accustomed to collaborative scholarship, a striking recurring di�culty
in understanding each other was apparent � a trait that would most de�nitely be
accentuated in a larger group and in a group where cross-disciplinary communication
is not a current practice. Some of the symptoms of this problem are enumerated
below, as well as some examples, and possible measures to treat them. Unfortunately,
these hints for solutions will only treat the symptoms; the roots of the problem run
much deeper and are mostly cultural, originating in the traditions of each and every
discipline.

Interdisciplinary Approaches to Research

Scholarly endeavours are all rooted in their own traditions. In spite of our non-
subscription to Snow’s Two Cultures theory [46] � the next section on terminology
will illustrate how the business of creating knowledge is a Many-Cultures system
rather than a Two-Cultures system � one of the high-level observations about research
methodologies in palaeography and in computer science is that they di�er widely.
As noted above, computer scientists tend to be problem solvers. Their approach
to knowledge creation is typically to break down a large task into smaller tasks
and then to solve these tasks, iteratively, until a satisfactory solution of the initial
large task is found (where �satisfactory� is often left to their own discretion). In the
tradition of computer sciences, there is a further convention of not deriving natural
interpretation from the methodology. In other words, the output needs additional
cognitive processing to be interpreted, and computer sciences do not traditionally have
ways of doing so. In contrast, palaeographers tend to approach knowledge creation in
a di�erent way. Their method is typically to derive questions from questions, where
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a new question often has the value of answering the preceding question (see further
�Exploring and Questioning, not Answering�, below).

Communicating between these two approaches can evoke situations in which
what may �rst seem to be a misunderstanding or misconception turns out, �nally,
to release synergies. Take, for instance, a question in palaeography for which a
corresponding computational solution has been developed. The discussion between
palaeographers and computer scientists might lead to an emphasis on the weaknesses
or incompleteness of the proposed computational solution. But it might also reveal
the need to reformulate the original question, or might open up the potential for new,
related questions. In any case, this interdisciplinary communication helps to augment
research on either side, and ideally on both sides.

It seems, therefore, that practices exist by which scholars operate at di�erent levels
of abstraction and explicitness; for example, palaeographers’ relatively abstract way
of formulating problems might not translate well into formal computer language.
Being aware of these di�erent modes of communication might help to smooth out
some of the di�culties and minimize possible frustrations, but the di�erences in
traditions are not likely to change much, and the problems of terminology remain to
be addressed. Indeed, these di�erences are strengths insofar as they allow approaches
to di�erent types of questions, and so they should be embraced rather than ignored
or suppressed.

Terminology

As hinted above, the di�erences in research cultures are deeper than di�erent method-
ological approaches to research (e.g. questioning versus problem-solving). For exam-
ple, the use of specialised terminology in each domain, where words can coincide
but carry di�erent meanings, presents a much greater challenge than is apparent
at �rst sight. A telling example is that of the word �feature�. In image processing,
�feature� has a very speci�c meaning: it describes a de�ned behaviour in terms of
signal, an idealised pro�le such as a step, a ridge, a trough. In palaeography, too,
the word �feature� is used with a very speci�c meaning; it describes the aspects of a
stroke that make it characteristic of a certain hand, a certain scribal school, a certain
area, or a certain type of document (e.g. its ductus, or the variation in its width). The
two domains have therefore their own typical � i.e. accepted and shared � use for
the word within their community, but this usage does not translate smoothly from
one community to the other. This example is only one of the many that illustrate the
terminological challenges that might be encountered (some others are �ontology� and
�pattern� which are discussed further below).

It is also worth noting that this issue with the uses of speci�c terms in various
disciplines constitutes a bottleneck in communication not only between computer
scientists and palaeographers. Within the computer sciences themselves, communities
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such the data mining community and the image processing community also share some
words, but not necessarily the meaning attached to them (�feature� is an example once
again). Similarly, palaeography has long been troubled by di�erences in terminology,
despite the best e�orts of the ComitØ international de palØographie latine and others
to standardise them. The di�erences run deeper than simple choice of words: expert
vocabularies in each discipline and in each sub-domain carry their own implicit
contexts and assumptions that can prevent people from understanding each other
across and even within �elds (cf. [38] and [10]).

The Problem of the Black Box

The last type of bottleneck for communication and mutual understanding across
scholarly disciplines resides in the fact that expertise implies tacit knowledge, and
tacit knowledge tends to produce �black boxes�, namely systems � whether human
or machine � which take inputs and produce results without giving any indication of
how those results were obtained. Computational algorithms are often perceived as
black boxes by palaeographers, and palaeographical expertise is also seen as a kind
of black box by computer scientists and indeed by other experts in the Humanities.
The main issue here is to not concentrate exclusively on �cracking open� the black
boxes to understand all the internal nuts and bolts that power them. Rather what is
required is the establishment of trust between the communities. This trust might best
be created by communicating an understanding of the principles and assumptions
behind the inner working of the black boxes and not of the details of the methods and
their implementation. Establishing that trust will alleviate the anxieties that black
boxes tend to generate; it will thereby ease communication and collaboration.

Two (non-exclusive) natural solutions to such bottlenecks and lack of trust can be
summarised as the introduction of an �in-betweener� and communication of �mid-level
features�; both of these are discussed further below.

3.2. Directions

It is worth noting that the technical limitations outlined above are not reviewed in
more detail here because, in the light of the potential problems in communication
already discussed, they seem largely surmountable. In fact, through the discussions,
round tables, and Q&A-sessions during the Dagstuhl workshop, it often emerged that
computational approaches o�er a lot more possibilities than single experts might
have predicted. As a result, any prognosis of technical limitations voiced here would
carry the inherent risk of outlining pre-emptive delimitations.

Interdisciplinarity and the �In-Betweener�

The Dagstuhl workshop can serve as a best-practice or �template� for future interdisci-
plinary communication. Further joint sessions at conferences and similar events need



16 Tal Hassner, Malte Rehbein, Peter A. Stokes, Lior Wolf (Eds.)

to be held. But communication between computer scientists on the one hand and
Humanities scholars on the other is only a starting point. Interdisciplinary projects
between the �elds need to be strengthened, and all participating disciplines will draw
signi�cant bene�ts from them. Experts in scienti�c computing should not merely
implement requirements formulated by the Humanities, but should also suggest ideas
based on their excellence and expertise. At the same time, scholars in Computer Sci-
ence should acknowledge the relevance of research questions and methods from the
Humanities. Although the disciplines have di�erent semiotics and separate proof sys-
tems, interdisciplinary communication and cooperation leads to better understanding
and consequently to new knowledge.

Interdisciplinary workshops are invaluable, but also necessary is the interdisci-
plinary individual: the �in-betweener� introduced above. This is a middle-person,
a translator: a person who is versed enough in each of the collaborating �elds to
understand enough of each of the discipline-speci�c lexical �elds to foster good
communication and fruitful exchanges. Dedicated specialised �in-betweeners� have
already been used very successfully in some Digital Humanities contexts, such as
the positions of �project analysts� at the Department of Digital Humanities in King’s
College London, and their application to palaeography is to be encouraged.

Communication, Intelligibility and the �Black Box�: Evidence-based
Palaeography

Given the task of classifying a written fragment, an authoritative palaeographer
might examine the page and simply state his or her classi�cation of it, typically
providing little evidence for how this conclusion was reached [16, 10, 9]. Somewhat
analogously, given an image of a fragment, a computerised system might output the
class of script for which the fragment scored the highest, along with the score itself.
The mathematical procedures and formulas that led to this conclusion would remain
inaccessible inside the �black boxes.� Both the authoritative palaeographer and the
computer leave little room for further discussion or debate on the results, and their
work is therefore somewhat limited in expanding the science of palaeography, even
though the answer might still be of a great help to a historian, for example, working
on that speci�c manuscript.

Here, we suggest establishing a system for palaeographic representation which
is accessible to both scholars and machines and can serve as the foundation of an
evidence-based palaeography.

This representation system would rely on �mid-level� features or descriptors as
introduced above. The mid-level features seek to de�ne a shared vocabulary between
disciplines, a shared meeting ground where each �eld can intervene with its own
perspective. The term �mid-level� here means that these descriptors require visual
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identi�cation, unlike low-level features that are extracted computationally from the
images and which cannot readily be veri�ed by a human observer. This identi�cation
is meant to be as unambiguous as possible, such that if one researcher or computer
system identi�es or detects that such a feature exists in the test, other researchers or
systems can verify this claim. In other words, one should be able to dispute almost
completely on a factual basis any evidence that is structured according to these
mid-level features.

Determining the mid-level quali�er is crucial: communication needs to be more
�negrained than any abstract conceptual discussion around principles would be; and
it must not become bogged down in the (sometimes murky) �ne details. Speci�cally,
these features must hold high-level meanings to the palaeographers on one hand, but
must still be concrete enough to be de�nable in terms of a computerised system on the
other. From a computational point of view, this is similar to the way by which facial
features are used to identify faces in photos [61]. An example candidate for mid-level
features are palaeographic �letter features�, used to describe and identify handwriting.
These are amenable to computerised analysis [29]. This approach has the inherent
risk of systematising and formulating the �eld-speci�c strategies, thereby possibly
compromising the potential for creativity as well as the integrity of each discipline,
slowing down progress and over-constraining the problem spaces. However, this
seems to be a more than acceptable compromise compared to the risks carried by
repeated breaks in communication and failed exchanges. The approach therefore
warrants much more investigation, and as a starting-point mid-level features and
their application to the �black box� problem are discussed further below.

The use of mid-level features requires both the authoritative palaeographers and
some of the computer systems to adapt. Palaeographers, like experts in other domains,
often cannot provide the rationale that led to their decisions. In data analysis, systems
that are built for maximal accuracy are built to solve the speci�c task at hand, and not
necessarily to rely on rules that are interpretable; adding to the requirement of accu-
racy the requirement of interpretability would typically hurt the performance of the
system. Despite these adaptations, the potential bene�ts are very signi�cant. While
scholars are reluctant to use the output of black-box systems, we expect much easier
adaptation to computer systems which provide clear evidence for their classi�cation.
As was discussed during the Dagstuhl Workshop, the choice is between having an
accurate system that lies unused and having a somewhat less accurate system that
scholars are happy to employ.

Ontologies instead of Terminologies

Di�culties in communication have arisen several times in the discussion already,
including not only communication between disciplines but even within them. In
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particular, many e�orts have been devoted to creating a uni�ed terminology in
palaeography [10]. These e�orts have met with great challenges and were not able to
achieve their goals. We suggest embracing the di�erences in terminologies and the
complex relations that exist between them and focussing instead on developing an
ontology.

An ontology, in this understanding, is a representation of a knowledge domain
which is based upon well de�ned entities, each having a unique meaning. Various
structural links are then used to de�ne relations, such as �subst of� (also known as
�is a�), �related to�, and so on. Each term can also contain a list of synonyms and
translations, a de�nition, references to other terminologies, and remarks. Instead of
traditional classi�cation systems, ontologies are being used more and more widely in
Humanities scholarship, especially in cultural heritage documentation, because of
the much greater �exibility that they allow. Examples of ontologies that are widely
used in the Humanities include the EDM model of the Europeana library of digital
objects [14]; and the CIDOC Conceptual Reference Model [20], which has become an
international standard [21].

An example of part of the envisioned ontology for palaeography could be:

[TERM]
id: PCO0000345
name: triangular ascender
def: triangular decoration at the tip of an ascender
synonym: wedged ascender EXACT
related to:
is_a: PCO0000221 ascender decoration

The top level of the ontology could contain the terms �Manuscript Studies� and
underneath �Palaeography� and �Codicology�. The latter could be based on an ef-
fort recently envisioned ([28], and compare also [31]). We note that the �eld of
palaeography is much less ordered than codicology, and this can lead to challenges
in representing it. Nevertheless, the top distinctions under palaeography could be
�Allographs� and �Graphemes�, or something similar. Some of the terms would be
descendants of terms from both these branches, e.g., �Caroline a� (cf. [51]).

Ontologies allow for uni�ed treatment of metadata associated with documents
as well as to mining of such resources. For example, projects like the �Medieval
Electronic Scholarly Alliance� [34] and the �Manuscripts Online� project [32] aim to
provide federated searches which span multiple resources. However, each resource
might use a di�erent name for exactly the same term, or the same name for di�erent
things. For example, English vernacular script of the eleventh century has been
labelled �Caroline minuscule� [27], �Anglo-Saxon Round minuscule� [6], �Anglo-
Saxon Vernacular minuscule� [12], and �English Vernacular minuscule� [52]. Given an
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ontology, it is fairly straightforward to come up with reasonable methods to expand
the search to include all these terms, and then rank the combined results together, and
this is an approach which those projects will use, although its application in practice
is far from trivial.

In the past, some projects on building ontologies (in general) were less successful
than others. One of the authors of this manifesto (TH) has participated, as a student,
in the construction of an ontology for representing 3D shapes. He describes a very
frustrating process in which committee members debated many minute details and
which ultimately led to a tool that no researcher uses. In contrast, another author (LW)
is an avid user of the Human-Phenotype-Ontology [19], which is used by clinical
geneticists to describe phenotypes, many of which are visual. He has witnessed
the power of the ontology in facilitating the merging of disperse terminologies and
the extremely useful data mining and classi�cation tools that that it has entailed.
Interestingly, this ontology has originated from a collection of medical data called
OMIM, which was written by thousands of authors, each using their own terminology
[36].

Based on discussing these cases we came to the conclusion that ontologies should
rely at �rst on the expertise of speci�c authoritative palaeographers rather than
on the community at large, and that they must be accompanied by datasets and
computational tools that employ the ontology in question.

Exploring and Questioning, not Answering

It is increasingly being recognised in related �elds of Digital Humanities that the
�black and white� response often given by computational methods is incompatible
with the approaches and interests of Humanities scholars. Furthermore, as already
discussed here, it is very di�cult to move from computational results to �real world�
meaning, but for most Humanities scholars this �real world� meaning is the principal
or only point of interest. It is therefore becoming increasingly evident that palaeogra-
phers prefer to harness computational methods not to provide answers to real-world
questions, but rather to manage large amounts of data in ways that allow them to draw
their own conclusions. Furthermore, it has been observed that cognitive processes in
academic research can be enhanced through visualisation, particularly when applied
to material which is inherently visual such as palaeography and manuscript studies
[22, 50].

Some research questions of historical content have results which Humanities schol-
ars can verify with a relatively high degree of con�dence. One example is joins, that is,
identifying pages or fragments of pages from now dismembered books. For problems
like these, computational methods can usefully propose �real-world� answers, for
example by providing a set of images of pages which are likely to be from the same
book, and which the scholar can then check. In contrast, other problems are di�cult
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or impossible to verify against the historical �truth,� and computational methods
which attempt to answer these have not been accepted because of this di�culty of
veri�cation. Here, Humanities scholars need to be able to �cross-examine� the results,
including also the method and the assumptions which underlie them [9, 43]: if they
cannot verify them then they cannot have any con�dence in the results. This is
closely related to the �black box� problem discussed above and, as already noted, it is
a signi�cant challenge for future work.

However, an alternative approach is rather to develop computational methods
that allow researchers to manipulate and visualise the content on their own terms,
and to communicate this data as evidence to a broader audience. Scholars in Digital
Humanities have referred to the �virtue of automated analysis... not [as] the ready
delivery of objective truth, but instead the more profound virtue of bringing us up
short, of disturbing us in our preconceptions� [44]. Therefore, once a critical mass of
data has been reached, problems of this sort should be treated with computational
methods designed to aid discovery, exchange, interpretation, and presentation of
knowledge, not providing answers to historical or other �real world� questions ([22];
cf. also [8]). This has important implications for collaborative work with computer
scientists, since it is fundamentally di�erent from the �algorithms to solve problems�
approach which is more typical of the latter’s �eld (see �Interdisciplinary Approaches
to Research�, above).

The �80/20� Problem: Working with Imperfect Results

Given the inherently ambiguous nature of data in the Humanities, it is unrealistic
to expect or even aim for perfect results in the medium term. However, �imperfect�
or incomplete results can still be of signi�cant value, as there is a bottleneck of
turning digitised manuscripts into texts which can be processed by a machine. Rather
than attempting to �solve� this problem in the short term, further consideration is
encouraged as to what can be done with computational results that are accurate to (for
example) 80%, 60% and so on. Current success rates for handwriting recognition are
still extremely low (as low as 30%), however, and research that promises to increase
that rate should be encouraged and funded. A success rate of 80% text recognition
is still bad (every �fth word would contain an error), but if it is clear which 20% are
inaccurate, the 80% of data becomes usable, and following the Pareto phenomena [37],
achieving these 80% becomes cheaper than focussing on the expensive remaining 20%.
Furthermore, as just discussed, scholars in the Humanities do not typically expect
or even desire a �nal, �correct� answer, but rather want tools to help them process
large quantities of material. In circumstances like this, simply reducing the size of a
search-space by 80% may be a very signi�cant improvement.

This demands several prerequisites: �rst, computer scientists must have veri�able
ways of establishing con�dence in their results matching the �ground truth�: as
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discussed, this is often challenging or even impossible, but in some speci�c cases is
generally achievable (e.g. text recognition and word spotting). Second, Humanities
scholars must learn to understand the implications of the inaccuracies: a given type
of inaccuracy will not be signi�cant for some research questions but will be highly
signi�cant for others. Close consideration must also be given to the role of false
positives versus false negatives: for example, if a computer is being used to reduce a
search space which a human researcher then examines, false positives are probably
expected and tolerable, but false negatives are not. These considerations again require
close communication between the disciplines. Third, investment should be made in
identifying new research which can be enabled by computational methods which
are largely but not entirely accurate. This may include manually correcting the
inaccuracies (which could still save substantially on research time), or in designing
new research which is not a�ected by the types of inaccuracies. Close parallels
already exist in �elds such as computational linguistics, distant reading, and �big data�
research, and lessons learned there can also be applied here.

Outreach and Dissemination

Looking beyond the academic and research audience, very signi�cant potentials exist
for outreach and dissemination of work in cultural heritage. As noted above, handwrit-
ten manuscripts and documents form a very large part of the world’s cultural heritage,
with prominent examples including the Book of Kells and Lindisfarne Gospels, the
Dead Sea Scrolls, through more recent examples such as Abraham Lincoln’s hand-
written copy of the Gettysburg Address, or Michel Proust’s draft manuscript of À la
recherche du temps perdu [39]. This rich cultural heritage has proven to be of great
interest to a wide public, and can also help to empower minority or other disenfran-
chised groups and regions through informing them better of their history, heritage,
language, and so on (one example of this is the Lindisfarne Gospels, which recently
toured in exhibitions in North-East England). This �virtual repatriation� of cultural
heritage represents a promising area of further development. More generally, how-
ever, both repositories and research institutions are frequently criticised for spending
public money on material that is not accessible to those who provided the funds,
and online resources can help to overcome this. Indeed, this increased access and
�democratisation� is a frequent promise of Digital Humanities, although it has not
necessarily been ful�lled in practice [41].

The introduction not only of digitised images but also of computerised techniques
opens up new ways of sharing this information with the broad population. One
particularly e�ective example of this is the Walters Art Museum, whose policy of
releasing digital images of manuscripts using Creative Commons licensing, and of
distributing these images through a range of social and other media, has lead directly
to very wide public recognition of their holdings, so much so that a search for �koran�
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in Google Images returns a highly disproportionate number of results from that
museum � far more than from much larger and better-known institutions such as
the British Library or the BibliothŁque nationale de France [35]. Even more exciting
is the prospect of people conducting their own research, or tapping into non-expert
traditions as a way of enriching scholarly knowledge. Although the process of opening
up �virtual� manuscript archives to the public has already begun, these projects are still
in their infancy. Reaching out, collecting, and processing the knowledge that may be
available in regional traditions, on the other hand, has not been su�ciently explored.
Doing so by using �crowd sourcing� techniques is an exciting new research direction
and has already been applied to transcription and identi�cation of manuscripts and
musical scores, among others (e.g. [57, 60, 1]).

In order to realise this potential fully certain requirements remain. As the Digital
Walters project clearly demonstrates, one requirement is again that of su�ciently
permissive copyright and licensing conditions: if people are not allowed to use images
in ways that they wish, or if it is unclear whether they may so use them or not,
then they typically will not use them at all [35]. The material must also be free
not only of licensing restrictions but also of technical ones: again, if the images
are available only in proprietary viewers or other limiting formats then access to
them diminishes accordingly. Furthermore, the di�culties in communication which
have been discussed between palaeographers and computer scientists become even
more pronounced when moving beyond the professional researcher to the wider
public. However, the same principles advocated here, such as mid-level features
and �in-betweener� specialists, are also relevant to this broader challenge. These
principles need to be extended to other areas both of academic but also of public
interest such as local history, genealogy, art history, language (including regional
dialects), name studies, calligraphy, arts and crafts, and so on. As researchers are
increasingly pressured to demonstrate the �impact� and value to society of their work,
and as they discuss how best to measure and achieve it [55], digital palaeography
is already addressing these concerns and also has an ideal scope of study which
already has demonstrable public interest. Extending these concerns and combining
the pre-existing interest presents an outstanding opportunity for taking this new and
relatively marginalised �eld of study and bringing it to the forefront of public and
academic awareness.

Acknowledgements

The authors wish to thank Schloss Dagstuhl for their support of this workshop. PAS
also thanks the European Research Council (ERC): some of the results presented
here are funded by the European Union Seventh Framework Programme (FP7) under



Computation and Palaeography: Potentials and Limits 23

grant agreement no 263751. This text has received substantial contributions from all
members of the Workshop, for which see Participants list below.

4. Participants

Name A�liation

Dimitris Arabadjis National TU � Athens, GR
Nachum Dershowitz Tel Aviv University, IL
Matthieu Exbrayat Universite d’Orleans, FR
Shira Faigenbaum Tel Aviv University, IL
Melanie Gau Universität Wien, AT
Tal Hassner Open University � Israel, IL
R. Manmatha University of Massachusets � Amherst, US
Ophir Munz-Manor The Open University of Israel � Raanan, IL
Eyal Ofek Microsoft Res. � Redmond, US
Micalis Panagopoulos Ionian University � Corfu, GR
Robert Sablatnig Universität Wien, AT
Wendy Scase University of Birmingham, GB
Timothy Stinson North Carolina State Univ., US
Peter A. Stokes King’s College London, GB
Dominque Stutzmann Ecole Praqtique des Hautes Etudes � Paris, FR
Segolene Tarte University of Oxford, GB
Lior Wolf Tel Aviv University, IL

Bibliography

1. Ancient Lives. <https://www.zooniverse.org/project/ancientlives>.
2. J. F. A. Aussems.Christine de Pizan and the Scribal Fingerprint: A Quantitative Approach to

Manuscript Studies. PhD thesis, University of Utrecht, Utrecht, 2006.
<http://igitur-archive.library.uu.nl/student-theses/2006-0908-200407/UUindex.html>.

3. Mary Beard. A Don’s Life: University cuts, redundancies � and bye-bye palaeography
at King’s College London.Times Literary Supplement, January 28, 2010. <http://timesonline.
typepad.com/dons_life/2010/01/university-cuts-redundancies-and-byebye-palaeography.
html>.

4. Leonard E. Boyle.Medieval Latin Palaeography: A Bibliographical Introduction. University
of Toronto Press, Toronto, 1984.

5. S.J. Brookes. �Digital Resources for Palaeography� One-Day Symposium.DigiPal
Project Blog. King’s College, London, 2011. <http://www.digipal.eu/blogs/news/%E2%
80%98digital-resources-for-palaeography%E2%80%99-one-day-symposium/>.

https://www.zooniverse.org/project/ancientlives
http://igitur-archive.library.uu.nl/student-theses/2006-0908-200407/UUindex.html
http://timesonline.typepad.com/dons_life/2010/01/university-cuts-redundancies-and-byebye-palaeography.html
http://timesonline.typepad.com/dons_life/2010/01/university-cuts-redundancies-and-byebye-palaeography.html
http://timesonline.typepad.com/dons_life/2010/01/university-cuts-redundancies-and-byebye-palaeography.html
http://www.digipal.eu/blogs/news/%E2%80%98digital-resources-for-palaeography%E2%80%99-one-day-symposium/
http://www.digipal.eu/blogs/news/%E2%80%98digital-resources-for-palaeography%E2%80%99-one-day-symposium/


24 Tal Hassner, Malte Rehbein, Peter A. Stokes, Lior Wolf (Eds.)

6. Michelle P. Brown.A Guide to Western Historical Scripts from Antiquity to 1600. British
Library, London, 1990.

7. Arianna Ciula. Digital palaeography: Using the digital representation of medieval script
to support palaeographic analysis.Digital Medievalist, 1(1), 2005.
<http://www.digitalmedievalist.org/journal/1.1/ciula/>.

8. Tanya Clement, Sara Steger, John Unsworth, and Kirsten Uszkalo. How not to read a
million books.Seminar on the History of the Book, Rutgers University, New Brunswick NJ,
5 March, 2009. <http://people.brandeis.edu/~unsworth/hownot2read.html>.

9. Tom Davis. The practice of handwriting identi�cation.The Library (7th series), 8(3):251�
276, 2007. doi:10.1093/library/8.3.251.

10. Albert Derolez.The Palaeography of Gothic Manuscript Books from the Twelfth to the Early
Sixteenth Century. Cambridge Studies in Palaeography and Codicology, 9. Cambridge
University Press, Cambridge, 2003.

11. Digital Walters. Baltimore: The Walters Art Museum.
<http://www.thedigitalwalters.org/>.

12. David N. Dumville. Specimina codicum palaeoanglicorum. InCollection of Essays in
Commemoration of the 50th Anniversary of the Institute of Oriental and Occidental Studies,
pp. 1�24. Kansai University Press, Suita, Osaka, 2001.

13. European Science Foundation.Humanities Exploratory Workshops: Digital Palaeog-
raphy. <http://www.esf.org/activities/exploratory-workshops/humanities-sch/
workshops-detail.html?ew=10865>.

14. Europeana library of digital objects.Europeana Data Model.
<http://pro.europeana.eu/edm-documentation/>.

15. Franz Fischer, Christiane Fritze, and Georg Vogeler, editors.Kodikologie und Paläographie
im Digitalen Zeitalter 2 � Codicology and Palaeography in the Digital Age 2. Schriften des
Instituts für Dokumentologie und Editorik, 3. Books on Demand, Norderstedt, 2011.
<http://kups.ub.uni-koeln.de/4337/>.

16. David Ganz. �Editorial Palaeography�: One teacher’s suggestions.Gazette du Livre
MØdiØval, 16:17�20, 1990. <http://www.palaeographia.org/glm/glm.htm?art=ganz>.

17. German Research Foundation.DFG-Praxisregeln. �Digitalisierung�. 2013.
<http://www.dfg.de/formulare/12_151/index.jsp>.

18. Tal Hassner, Malte Rehbein, Peter A. Stokes and Lior Wolf, editors. Computation and
palaeography: Potentials and limits (Dagstuhl PerspectivesWorkshop 12382).Dagstuhl
Reports2:9 (2012): 184�199. doi:10.4230/DagRep.2.9.184.

19. HPO.Human-Phenotype-Ontology. <http://www.human-phenotype-ontology.org/>.
20. International Council of Museums � International Committee for Documentation.The

CIDOC Conceptual Reference Model. <http://www.cidoc-crm.org/>.
21. International Standards Organization.Information and Documentation � A Reference

Ontology for the Interchange of Cultural Heritage Information, 2006.
<http://www.iso.org/iso/catalogue_detail?csnumber=34424>.

22. Martyn Jessop. Digital visualization.Literary and Linguistic Computing, 23(3):281�293,
2008. doi:10.1093/llc/fqn016.

http://www.digitalmedievalist.org/journal/1.1/ciula/
http://people.brandeis.edu/~unsworth/hownot2read.html
http://www.thedigitalwalters.org/
http://www.esf.org/activities/exploratory-workshops/humanities-sch/workshops-detail.html?ew=10865
http://www.esf.org/activities/exploratory-workshops/humanities-sch/workshops-detail.html?ew=10865
http://pro.europeana.eu/edm-documentation/
http://kups.ub.uni-koeln.de/4337/
http://www.palaeographia.org/glm/glm.htm?art=ganz
http://www.dfg.de/formulare/12_151/index.jsp
http://www.human-phenotype-ontology.org/
http://www.cidoc-crm.org/
http://www.iso.org/iso/catalogue_detail?csnumber=34424


Computation and Palaeography: Potentials and Limits 25

23. JISC.Basic Guidelines for Image Capture and Optimisation. <http://www.jiscdigitalmedia.
ac.uk/stillimages/advice/basic-guidelines-for-image-captureand-optimisation>.

24. JISC.Usability Foundation Study and Investigation of Usability in JISC Services, 2004.
<http://www.jisc.ac.uk/whatwedo/programmes/presentation/usability.aspx>.

25. JISC.Visualisation Foundation Study, 2004.
<http://www.jisc.ac.uk/whatwedo/programmes/presentation/visualization.aspx>.

26. JISC.Development of Personalisation for the Information Environment 1 (DPIE1), 2008.
<http://www.jisc.ac.uk/whatwedo/programmes/resourcediscovery/dpie1.aspx>.

27. Neil R. Ker.Catalogue of Manuscripts containing Anglo-Saxon. Clarendon Press, Oxford,
1957.

28. Robert Kummer. Semantic technologies for manuscript descriptions-concepts and visions.
In Fischer et al. [15], pp. 133�154, 2011. <http://kups.ub.uni-koeln.de/4347/>.

29. N. Levy, Lior Wolf, Nachum Dershowitz, and Peter A. Stokes. Estimating the dis-
tinctiveness of graphemes and allographs in palaeographic classi�cation. InDH2012
Book of Abstracts, ed. by Jan Christoph Meister et al., pp. 264�267. University of
Hamburg, 2012. <http://www.dh2012.uni-hamburg.de/conference/programme/abstracts/
estimating-the-distinctiveness-of-graphemes-and-allographs-in-palaeographic-classi�cation/>.

30. London: King’s College. DigiPal: Digital Database and Resource of Palaeography,
Manuscripts and Diplomatic. <http://www.digipal.eu/>.

31. London: University of the Arts.Ligatus: An English/Greek Terminology for the Structures
and Materials of Byzantine and Greek Bookbinding. <http://www.ligatus.org.uk/glossary/>.

32. Manuscripts Online. Written Culture 1000 to 1500. <http://www.manuscriptsonline.org/>.
33. Max Planck Institute.Best Practices for Access to Images: Recommendations for Scholarly

Use and Publishing. Berlin, 2009.
<http://www.mpiwg-berlin.mpg.de/PDF/MPIWGBestPracticesRecommendations.pdf>.

34. MESA.Medieval Electronic Scholarly Alliance. <http://mesa.performantsoftware.com/>.
35. William Noel. The Commons and Digital Humanities in Museums. CUNY, New York, 2012.

<http://www.youtube.com/watch?v=XPJ_kciC15I>.
36. OMIM.Online Mendelian Inheritance in Man. <http://www.ncbi.nlm.nih.gov/omim/>.
37. Pareto. Pareto Principle.Wikipedia. <http://en.wikipedia.org/wiki/Pareto_principle>.
38. Susannah B.F. Paletz, Christian D. Schunn, and Kevin H. Kim. The interplay of con�ict

and analogy in multidisciplinary teams.Cognition, 126(1):1�19, 2013.
doi:10.1016/j.cognition.2012.07.020.

39. Elena Pierazzo and J. AndrØ.Autour d’une sØquence et des notes du Cahier 46: enjeu du
codage dans les brouillons de Proust � Around a Sequence and some Notes of Notebook 46:
Encoding Issues about Proust’s Drafts. King’s College, London, 2012.
<http://research.cch.kcl.ac.uk/proust_prototype/about.html>.

40. Malte Rehbein, Patrick Sahle, and Torsten Schaÿan, editors.Kodikologie und Paläographie
im Digitalen Zeitalter - Codicology and Palaeography in the Digital Age. Schriften des
Instituts für Dokumentologie und Editorik. Books on Demand, Norderstedt, 2009.
<http://kups.ub.uni-koeln.de/volltexte/2009/2939/>.

http://www.jiscdigitalmedia.ac.uk/stillimages/advice/basic-guidelines-for-image-captureand-optimisation
http://www.jiscdigitalmedia.ac.uk/stillimages/advice/basic-guidelines-for-image-captureand-optimisation
http://www.jisc.ac.uk/whatwedo/programmes/presentation/usability.aspx
http://www.jisc.ac.uk/whatwedo/programmes/presentation/visualization.aspx
http://www.jisc.ac.uk/whatwedo/programmes/resourcediscovery/dpie1.aspx
http://kups.ub.uni-koeln.de/4347/
http://www.dh2012.uni-hamburg.de/conference/programme/abstracts/estimating-the-distinctiveness-of-graphemes-and-allographs-in-palaeographic-classification/
http://www.dh2012.uni-hamburg.de/conference/programme/abstracts/estimating-the-distinctiveness-of-graphemes-and-allographs-in-palaeographic-classification/
http://www.digipal.eu/
http://www.ligatus.org.uk/glossary/
http://www.manuscriptsonline.org/
http://www.mpiwg-berlin.mpg.de/PDF/MPIWGBestPracticesRecommendations.pdf
http://mesa.performantsoftware.com/
http://www.youtube.com/watch?v=XPJ_kciC15I
http://www.ncbi.nlm.nih.gov/omim/
http://en.wikipedia.org/wiki/Pareto_principle
http://research.cch.kcl.ac.uk/proust_prototype/about.html
http://kups.ub.uni-koeln.de/volltexte/2009/2939/


26 Tal Hassner, Malte Rehbein, Peter A. Stokes, Lior Wolf (Eds.)

41. M. Reisz. Surfdom.Times Higher Education Supplement, 2028:34�39, 8 December
2011. <http://www.timeshighereducation.co.uk/story.asp?sectioncode=26&storycode=
418343&c=2>.

42. Rights Reserved. � Free Access. Nutzungsrechte für historische Quellen und Handschriften im
Internet. <http://www.infoclio.ch/de/node/127076>.

43. Lambert Schomaker. Advances in writer identi�cation and veri�cation.Proc. of 9th Int.
Conf. on Document Analysis and Recognition (ICDAR 2007), 26 September, Curitiba, Brazil,
2:769�773, 2007.

44. D. Sculley and Bradley M. Pasanek. Meaning and mining: The impact of implicit assump-
tions in data mining for the humanities.Literary and Linguistic Computing, 23(4):409�424,
2008. doi:10.1093/llc/fqn019.

45. Yaakov Choueka, Lior Wolf, Roni Shweka, and Nachum Dershowitz. Automatic extraction
of catalog data from digital images of historical manuscripts. Forthcoming.

46. Charles Percy Snow.The Two Cultures. Cambridge University Press, 2012.
47. F. M. Stenton. The supremacy of the Mercian kings.English Historical Review, 33(132):433�

452, 1918. doi:10.1093/ehr/XXXIII.CXXXII.433.
48. Peter A. Stokes. Palaeography and image processing: Some solutions and problems.Digital

Medievalist, 3, 2007/8. <http://www.digitalmedievalist.org/journal/3/stokes/>.
49. Peter A. Stokes. Computer-aided palaeography: Present and future. In Rehbein et al. [40],

pp. 309�338, 2009.
<http://kups.ub.uni-koeln.de/volltexte/2009/2978/pdf/KPDZ_I_Stokes.pdf>.

50. Peter A. Stokes. Palaeography and the �virtual library� of manuscripts. In B. Nelson
and M. Terras,Digitising Medieval and Early Modern Culture, pp. 137�169. Medieval and
Renaissance Texts and Studies, 426. Arizona Center for Medieval and Renaissance Studies,
Tempe AZ, 2012.

51. Peter A. Stokes. Modeling medieval handwriting: A new approach to digital palaeography.
In DH2012 Book of Abstracts, ed. by Jan Christoph Meister et al., pp. 382�385. University of
Hamburg, 2012. <http://www.dh2012.uni-hamburg.de/conference/programme/abstracts/
modeling-medieval-handwriting-a-new-approach-to-digital-palaeography.1.html>.

52. Peter A. Stokes.English Vernacular Script from ˘thelred to Cnut, ca 990 � ca 1035. Boydell,
Woodbridge, Forthcoming.

53. Dominique Stutzman.AAA - ADL - Alphabet, AmbiguitØ et ActualitØ (palØographique):
l’ontologie des formes alphabetiques.PalØographie MØdiØvale, 2012.
<http://ephepaleographie.wordpress.com/2012/01/22/aaa-%CE%B1%CE%B4%CE%
BB-alphabet-ambiguite-actualites-paleographique-ontologie-formes-alphabetiques/>.

54. Tagung.Codicology and Palaeography in the Digital Age. Conference report, July 2009.
<http://www.i-d-e.de/aktivitaeten/veranstaltungen/2009-tagung-kpdz/report/>.

55. Simon Tanner.Measuring the Impact of Digital Resources: The Balanced Value Impact Model.
King’s College, London, 2012. <http://www.kdcs.kcl.ac.uk/innovation/impact.html>.

56. Melissa Terras.Digital Images for the Information Professional. Ashgate, Aldershot, England,
2008.

57. Transcribe Bentham. <http://www.transcribe-bentham.da.ulcc.ac.uk/>.

http://www.timeshighereducation.co.uk/story.asp?sectioncode=26&storycode=418343&c=2
http://www.timeshighereducation.co.uk/story.asp?sectioncode=26&storycode=418343&c=2
http://www.infoclio.ch/de/node/127076
http://www.digitalmedievalist.org/journal/3/stokes/
http://kups.ub.uni-koeln.de/volltexte/2009/2978/pdf/KPDZ_I_Stokes.pdf
http://www.dh2012.uni-hamburg.de/conference/programme/abstracts/modeling-medieval-handwriting-a-new-approach-to-digital-palaeography.1.html
http://www.dh2012.uni-hamburg.de/conference/programme/abstracts/modeling-medieval-handwriting-a-new-approach-to-digital-palaeography.1.html
http://ephepaleographie.wordpress.com/2012/01/22/aaa-%CE%B1%CE%B4%CE%BB-alphabet-ambiguite-actualites-paleographique-ontologie-formes-alphabetiques/


Computation and Palaeography: Potentials and Limits 27

58. Georg Vogeler. Kodikologie und Paläographie im digitalen Zeitalter / Codicology and
palaeography in the digital age.AHF-Information, (206), 2009.
vgl. <http://www.hsozkult.de/conferencereport/id/tagungsberichte-3025>.

59. C. Von Oertzen and K. Wilder.Scholarly Publishing and the Issues of Cultural Heritage, Fair
Use, Reproduction Fees and Copyrights. Berlin, Max Planck Institute, 2008.
<http://www.mpiwg-berlin.mpg.de/PDF/MPIWGWorkshop1-2008Report.pdf>.

60. What’s the Score. <https://www.zooniverse.org/lab/wts/>.
61. Lior Wolf, Tal Hassner, and Yaniv Taigman. E�ective unconstrained face recognition by

combining multiple descriptors and learned background statistics.Pattern Analysis and
Machine Intelligence, IEEE Transactions on, 33(10):1978�1990, 2011.

62. European Science Foundation.Exploratory Workshop on Digital Palaeography. Conference
report, 2011. <http://hsozkult.geschichte.hu-berlin.de/tagungsberichte/id=3968>.





Digitale Reproduktion als
paläographisches Werkzeug

Digital imaging as a palaeographic tool





Kodikologie und Paläographie im Digitalen Zeitalter 3 � Codicology and Palaeography in the Digital Age 3.Hrsg. Oliver
Duntze, Torsten Schaÿan, Georg Vogeler unter Mitarbeit von Bernhard Assmann, Johanna Puhl und Patrick Sahle.
Schriften des Instituts für Dokumentologie und Editorik 10. Norderstedt: Books on Demand, 2015. 31�46.
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Abstract

This paper presents image acquisition and readability enhancement techniques for
historical manuscripts developed in the interdisciplinary project �The Enigma of
the Sinaitic Glagolitic Tradition� (Sinai II Project).1 We are mainly dealing with
parchment documents originating from the 10th to the 12th centuries from St. Cather-
ine’s Monastery on Mount Sinai. Their contents are being analyzed, fully or partly
transcribed and edited in the course of the project. For comparison also other mss.
are taken into consideration. The main challenge derives from the fact that some of
the manuscripts are in a bad condition due to various damages, e.g. mold, washed
out or faded text, etc. or contain palimpsest (=overwritten) parts. Therefore, the
manuscripts investigated are imaged with a portable multispectral imaging system.
This non-invasive conservation technique has proven extremely useful for the exami-
nation and reconstruction of vanished text areas and erased or washed o� palimpsest
texts. Compared to regular white light, the illumination with speci�c wavelengths
highlights particular details of the documents, i.e. the writing and writing material,
ruling, and underwritten text. In order to further enhance the contrast of the de-
graded writings, several Blind Source Separation techniques are applied onto the
multispectral images, including Principal Component Analysis (PCA), Independent
Component Analysis (ICA) and others. Furthermore, this paper reports on other latest
developments in the Sinai II Project, i.e. Document Image Dewarping, Automatic
Layout Analysis, the recent result of another project related to our work: the image
processing toolPaleo Toolbar, and the launch of the seriesGlagolitica Sinaitica.

Zusammenfassung

In dieser Arbeit werden Bildaufnahmemethoden sowie Methoden zur Verbesserung
der Lesbarkeit für historische Manuskripte vorgestellt, die im Rahmen des interdiszi-
plinären Projekts �The Enigma of the Sinaitic Glagolitic Tradition� (Sinai II Projekt)

1 <http://www.caa.tuwien.ac.at/cvl/research/sinai/>
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angewandt und entwickelt werden. In dem Projekt werden hauptsächlich Perga-
mentdokumente analysiert, die zwischen dem zehnten und zwölften Jahrhundert im
Katherinenkloster am Berg Sinai entstanden. Im Rahmen des Projektes werden die
betre�enden Texte analysiert, vollständig oder teilweise transkribiert sowie ediert.
Die gröÿte Herausforderung stellt hierbei der schlechte Zustand der Handschriften
dar, da diese teilweise von Schimmel befallen sind, verblichenen oder entfernten
Text enthalten oder palimpsestiert sind. Deshalb werden die betre�enden Hand-
schriften mithilfe eines portablen multispektralen Aufnahmesystems digitalisiert.
Diese nicht invasive Konservierungsmethode hat sich als besonders nützlich für
die Untersuchung und Rekonstruktion von solchen schlecht lesbaren Handschriften
erwiesen. Verglichen mit normalem Weiÿlicht, bietet eine Untersuchung in aus-
gewählten spektralen Bereichen die Möglichkeit gewisse Details eines Dokuments,
wie verblasste Schrift oder Palimpsesttext, besser sichtbar zu machen. Um den Kon-
trast zwischen den verblichenen Schriften und dem restlichen Dokument weiter
zu verstärken, werden sogenannte Blind Source Separation Techniken - wie Prin-
cipal Component Analysis (PCA) oder Independent Component Analysis (ICA) -
angewandt. Des Weiteren werden in dieser Arbeit die jüngsten Entwicklungen im
Sinai II Projekt beschrieben: Diese beinhalten Techniken für Document Image De-
warping und Automatic Layout Analysis, die Herausgabe der EditionGlagolitica
Sinaiticasowie das Resultat aus einem anderen Projekt, das sich mit einer ähnlichen
Zielsetzung beschäftigt: Das BildverarbeitungsprogrammPaleo Toolbar.

1. Introduction

Apart from the description and classi�cation, the main task of the work with historical
manuscripts consists of the decipherment and edition of their contents. This may be
di�cult due to paleographic or linguistic peculiarities, but also because of the bad
preservation state of the relevant source. Thus, it is essential to develop and evaluate
methods of image and readability enhancement for this kind of documents.

In our interdisciplinary projects �Critical Edition of the New Sinaitic Glagolitic
Euchology (Sacramentary) Fragments with the Aid of Modern Technologies� (P19608,
2007-2010) and �The Enigma of the Sinaitic Glagolitic Tradition� (P23133; 2011-2014),
both funded by the Austrian Science Fund (FWF), we have been investigating various
approaches of manuscript analyses with scienti�c and computational methods, among
them Image Binarization (cf. Lettner 2009), Character Classi�cation (cf. Vill 2008),
Optical Character Recognition (OCR) (cf. Diem 2011), Layout Analysis (cf. Kleber
2009, Garz 2011), and Fragment Puzzling (Kleber 2008). In the scope of both Sinai
projects also chemical analyses have been executed on the ancient documents by
material chemists from the Vienna Academy of Fine Arts, namely X-Ray Fluorescence
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Analyses (XRF) and, in the latter project also InfraRed Spectroscopy (FTIR). The results
are being published in the new seriesGlagolitica Sinaitica(GlagSin) by Holzhausen
publishing house and will comprise not only facsimile and critical editions, but also a
separate technical volume on analysis methods and computational results.

The manuscripts investigated in this study were all written on parchment and
originate from the 10th to 14th centuries. They are written in Glagolitic, the oldest
Slavic script (cf. Miklas). The documents are in a poor condition and its texts partly
barely or not at all discernible, due to partially faded or washed out ink, stains,
mold, and other corruption by background clutter. The readability of multiple texts
in palimpsests poses additional di�culties. One object in particular, the so called
Missale Sinaiticum(Cod. Sin. Slav. 5/N), has long been almost impossible to read and
transcribe, due to the mysterious discoloration phenomenon of brown or black ink
that has turned to white (cf. Miklas). The second object of investigation is one of the
Budapest Glagolitic Fragments (Duod. Slav. 2, Nr. 5), which contains characters, that
are faded out but still darker than the background.

Both objects were digitized with MultiSpectral Imaging (MSI) technology that
has proven a valuable basis for the investigation of historical manuscripts using
computational methods. This approach is valued because it is non-invasive and more
capable of enhancing the contrast of the degraded writings than methods that rely on
normal white light illumination (Easton; Rapantzikos). Using MSI, the transcription
of the contents is considerably easier and more comprehensive, as the results of the
Archimedes Palimpsest project also have shown (cf. Easton). Our custom built and
portable MSI system is described in detail in Section 2 (cf. Lettner; Hollaus).

Successful approaches to contrast enhancement of badly legible historical docu-
ments are dimension reduction techniques like Principal Component Analysis (PCA)
and Independent Component Analysis (ICA) as demonstrated in Easton, Salerno, and
Lettner.

Easton et al. use the PCA approach for the separation and enhancement of the
diverse textual layers in the Archimedes palimpsest. They suggest merging those
of a set of PCA images that typically emphasize the writing into one pseudocolor
image. Salerno et al. when investigating the Archimedes Palimpsest applied the PCA
approach and also analyzed the ICA method, which used the FastICA methodology
(cf. Hyvärinen). Rapantzikos et al. compared the performance of the PCA technique
to the performance of the Linear Spectral Mixture Analysis for the separation of the
text layers contained in a palimpsest-ms. and state that the PCA approach is better
suited for this task.

Lettner et al. proposed a technique for the enhancement of one or more text
layers using not only spectral but also spatial information. In this procedure, a priori
knowledge provided by philological experts is incorporated into a text line model
used for the generation of a binary mask to encode the text regions. The enhancement
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itself is performed by applying the Multivariate Spatial Correlation technique (cf.
Wartenberg). The authors were able to show that their technique is superior to the
PCA method.

Similar to Lettner we implement spatial correlation, since our approach is also
based on text line detection. But in contrast to Lettner we do not require a priori
knowledge, as the text lines are automatically found in the investigated regions. To
the best of our knowledge this is the �rst time that the Fisher Linear Discriminate
Analysis (LDA) approach is used for the enhancement of historical texts. So far it
had been successfully used for face recognition tasks: Belhumeur et al. show that
their LDA based dimensionality reduction outperforms the Eigenface method, which
utilizes the PCA transformation.

While PCA and ICA are unsupervised dimension reduction tools, we apply the LDA
approach, which is a supervised dimension reduction method and hence requires a
labelled subset of the multispectral samples. In order to �nd a training set for the LDA
classi�er, we apply a semi-automated procedure, in which a subset of multispectral
observations is labelled as belonging to text or background regions. The labelling
procedure was especially designed for theMissale Sinaiticum, where a correct labelling
of the fore- and background regions is di�cult since in parts characters are barely
visible within the multispectral images or best visible in di�erent spectral ranges.
Therefore, the labelling is performed on PCA images with their enhanced contrast.
Due to the bad condition of theMissale Sinaiticumthe PCA images are also corrupted
by noise; hence labelling by application of a binarization algorithm would have been
too error-prone. Instead, the labelling is performed in an iterative manner and is based
on the detection of text lines, since the detection of text lines is more robust against
noise � e.g. background clutter or lighting variations � compared to binarization
methods.

In the last chapter, several further document analysis and image enhancement
results will be presented, namely Document Image Dewarping, Automatic Layout
Analysis, and two di�erent toolboxes for paleographic document analysis.

The next section introduces a number of image enhancement techniques based on
MultiSpectral Imaging (MSI).

2. Image Enhancement Techniques based on MultiSpectral
Imaging

2.1. MSI Approach and System Setup

The MSI approach has proven its applicability for the investigation of ancient and
problematic sources, since it is a non-invasive analysis tool capable of increasing
the legibility of indecipherable texts. Our portable MSI system employs two sets of
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LED panels, which provide 11 di�erent narrowband spectral ranges. Compared to an
MSI setup that applies optical �lters, the LED illumination has two major advantages:
First, the heat put on the manuscripts is reduced since broadband illumination is not
required. Second, geometrical distortions stemming from optical �lters are avoided
and an image registration step is not necessary since the optical characteristics are
not changed during acquisition. The images are acquired by two cameras, namely
a Hamamatsu greyscale camera and a Nikon D4 SLR camera (cf. Figure 1). As a
result the multispectral images already provide improved contrast and readability of
the ancient writings in several spectral ranges � compared to ordinary white light
illumination.

Nevertheless, due to their bad condition, some manuscript portions still remain
unreadable. So we have implemented three di�erent enhancement techniques, all of
which are based on dimension reduction and applied statistics of the MSI results.

Figure 1. Portable MSI system setup of the Sinai Project.

2.2. Comparison of Image Enhancement Techniques

This section contains a performance comparison between three di�erent dimension
reduction techniques: PCA, ICA, and LDA.

These techniques are used to lower the third dimension of a multispectral scan
in order to extract the relevant information. For folios containing only one single
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textual layer, the MSI scans are reduced to just one image to emphasize the content in
question, in our case the text. For palimpsests, on the other hand, the third dimension
of the MS scan is reduced to two images, one emphasizing the underwritten, the
other the overwritten text. Dimension reduction techniques can be grouped into
unsupervised (PCA and ICA) and supervised (LDA) dimension reduction approaches.

Unsupervised Dimension Reduction Techniques

This technique category makes no use of class information. This category of en-
hancement techniques �nds a transformation of the multispectral scan that removes
any contained correlation. Such correlation stems mainly from material spectral
correlation.

PCA
The PCA transformation �nds an orthogonal transformation, on which the data is
projected, and removes redundancies contained in the MS scan. The transformation
of the multispectral datax is formally de�ned by:

y = Wx
wherey is the transformed signal, andW is the transformation matrix. The columns
of the transformation matrix are �lled with the eigenvectors of the covariance matrix
of the zero mean normalized data. The eigenvectors are sorted in descending order
according to their corresponding eigenvalues.

In this step, the �rst k PCA images are considered, since one writing is usually
emphasized by multiple principal components (cf. Lettner; Easton). For theMissale
Sinaiticum it was experimentally found that �ve PCA images have to be considered.
For the Budapest Glagolitic Fragmentk was set to three, because the spectral signature
of the writing in this manuscript is less varying than in theMissale Sinaiticum, and the
writing is described by the �rst three eigenvectors. We noticed that in the PCA images,
the ruling scheme is better recognizable than the degraded characters. Therefore, in
the coarse enhancement stage the samples are labelled as belonging to text lines or
belonging to intermediate regions instead of belonging to text or background regions.

We noticed that the PCA output is generally ordered, meaning the �rst PCA image
shows the text layer - if the writing is in relative good, i.e. rich-in-contrast condition. If
the document contains a great amount of background clutter or faded-out characters,
however, the �rst image may show the enhanced background clutter instead, whereas
the image showing the writing is emphasized by another principal component.

ICA
In contrast to the PCA transformation, the ICA approach �nds a projection matrixW
that is not necessarily orthogonal. PCA follows the assumption that sources within
the data (e.g. the text(s)) are uncorrelated, whereas ICA assumes that the sources are
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statistically independent. Those sources that carry any speci�c content (e.g. text or
palimpsest text) are detected by maximizing their independence. Similar to Salerno
we applied this method in order to separate the two layers of a palimpsest. We applied
the FastICA algorithm (for more details on ICA cf. also Hyvärinen; Salerno; Hollaus).

Supervised Dimension Reduction Techniques

LDA
PCA and ICA as unsupervised dimension reduction techniques �nd the relevant
information within the multispectral scans by themselves. LDA as a supervised
dimension reduction algorithm requires a prepared subset of the samples with labelled
fore- and background pixels as a training set for the classi�er. Such labelling could be
achieved by applying a simple document binarization technique (cf. Su), but since
historical documents can be corrupted with background clutter, simply applying
a binarization algorithm is error-prone. That is why we suggest a more careful
procedure instead: In a �rst step, the areas in an input image with the most visible
content, e.g. text lines, are determined. Text line regions are found with a text line
detection algorithm similar to the one in Yosef et.al. Depending on the document,
both UV �uorescence images and the output of the PCA transformation can provide
suitable input images. The pixels of this input image are labelled as belonging to
text line or intermediate, i.e. background, regions. Then the LDA-based dimension
reduction is applied in order to generate an enhanced image by bringing out the
degraded text and enhancing the contrast.

The PCA transformation maximizes the so-called scatter of the transformed feature
vector y. In contrast, the LDA method as a supervised dimension reduction tool
seeks a projectionW that maximizes the ratio of the between-class scatter to the
within-class scatter, i.e. it exploits the class information in order to select discriminant
features, e.g. for text and background (for more details on LDA cf. also Duda).

If the manuscript is a palimpsest, a three-class problem is considered, where over-
writing, underwriting, and background classes are considered. Since the overwriting
of the manuscript investigated is typically most visibly separable from other content
under Near Infrared (NIR) illumination, whereas the underwriting is not, the labelling
of the overwriting is performed on NIR images by applying a binarization algorithm
(cf. Su). Afterwards, the underwriting is found by applying the procedure explained
above.

2.3. Results

For image enhancement of degraded documents, dimension reduction techniques
have yielded two advantages: On the one hand, an investigation of the entire scan
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is avoided, while on the other hand, the contrast and visibility of the degraded
characters is enhanced and the resulting images show a considerable increase in
legibility compared to the images contained in the multispectral scan.

In this study we compared three di�erent dimension reduction techniques applied
on the entire multispectral scan on two di�erent manuscripts: PCA, ICA, and LDA.
The results show that all three approaches are capable of considerably enhancing
the contrast compared to the unprocessed multispectral images. In the best case the
output is one single image showing the relevant image content, e.g. the text.

We noticed that the PCA output is generally ordered, meaning the �rst PCA image
shows the writing � if the writing is in relative good, i.e. rich-in-contrast condition.
However, if the document contains a great amount of background clutter or faded-
out characters it is not guaranteed that the �rst image shows the degraded writing,
since the background clutter may be enhanced in the �rst image, whereas the image
showing the writing is emphasized by another principal component.

The ICA approach does not order the resulting images; hence the ICA image
showing the respective content most clearly must be selected manually.

In contrast, the LDA approach considers a two class problem and thus its output is
a single image which enhances the writing, given a previously applied line detection
algorithm separated the classes correctly. A qualitative analysis showed that the LDA
approach achieves better performance in the case of background clutter and faded-out
characters.

The results of the image enhancement techniques were evaluated by using a quali-
tative legibility assessment, conducted by a philologist experienced in reading the
Glagolitic script. In order to avoid bias the scholar did not evaluate entire image
patches, but instead single characters. We extracted 212 single characters from 7
test panels, each containing several hard to read characters. The test panels were
normalized between the minimum and maximum intensity value. A grouping into
categories of visual quality was not used, due to high variety of the enhancement
results. Instead, the scholar was asked to pairwise compare two single characters,
which were produced by di�erent techniques. The philologist was not told which
method was used for the enhancement of a particular character. For each compared
letter pair, the scholar decided which letter was found more legible and assigned a 1
to the superior result image and a 0 to the inferior counterpart. Afterwards, the sum
of the assigned scores was calculated.

The performance of the LDA based technique improves if it is solely applied to
a region in which the characters have a similar contrast. Hence, we applied the
algorithm exclusively to the test panels. For the PCA and ICA approaches it cannot
be assumed that a transformation based on local statistics gains a better enhancement
result than a transformation which has been calculated on the basis of the entire folio.
Therefore, the PCA and ICA techniques have been applied in a local and global manner.
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Since the text layer is emphasized by several principal components, we manually
selected the best PCA outcome. The output of the (Fast)ICA algorithm depends on
a random initialization and on several parameters we applied on the MSI data and
selected the best results for the evaluation task. Additionally, the multispectral image
with the best visible text was added to the test set. Two examples of Missale Sinaiticum
can be seen in Figure 2 and Figure 3.

Figure 2.Missale Sinaiticum: top left: white light image. Top right: LDA, bottom left: PCA, bottom right:
ICA output.

Figure 3.Budapest Glagolitic Fragment: from left to right: white light image. UV �uorescence image. LDA,
PCA, ICA results.
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In both cases the LDA output is superior to the other enhancement techniques,
since it is capable of restoring the degraded text parts. In Figure 3 the PCA performs
poorly, with lower readability than in the UV �uorescence image.

3. The Sinai Project II � Related Results

Since our last report on the Sinai Project several new developments have been made.
They will be described shortly in the following.

3.1. Document Image Dewarping

The other readability enhancement method presented in this work, namely document
image dewarping, is concerned with the recti�cation and smoothing of images of
documents that are deformed due to age and bad storage conditions. The proposed
algorithm has been adapted to arti�cially warped documents showing a conventional
Latin computer font, e.g.Times New Roman, as well as images of Glagolitic script in
two variants, a) arti�cially warped documents written in a standardized computer
font, e.g.Glagolica Bulgarian, for experimental purposes and the binarized images
of the ancient Sinai manuscripts (cf. Figure 4). The warping of all three types of
documents could be straitened successfully and the readability thus improved.

The evaluation of the dewarping of the Glagolitic documents showed a particular
improvement by reducing the Straightness Standard Error. An evaluation of the
results on the arti�cially warped Latin documents by means of applying standard
OCR on the original as well as on the dewarped text shows that the straightened text
had a higher recognition rate by 51% on average (cf. Steinböck).

To further enhance the dewarping results on the Glagolitic document images, we
plan to also take into account alignment and orientation of the characters, as the
Glagolitic script can be not only a standing script, but also a hanging one.

3.2. Document Layout Analysis

The layout entities considered in this approach include body text, embellished initials,
plain initials and headings. These textual elements are disassembled into segments,
and a part-based detection is done which employs local gradient features known from
the �eld of object recognition, the Scale Invariant Feature Transform (Sift).

These features describe the structures in a scale-, rotation- and illumination invari-
ant manner. Hence, this approach does not rely on a binarization step, but is directly
applied to the gray scale image, and it is robust to variations in shape, illumination,
writing orientation, and (background) noise, too. Thus, it is suitable for ancient
handwritten documents with varying layouts and degradation e�ects.
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Figure 4.Results of the dewarping algorithm on 2 folia of the Psalter of Demetrius (Cod. Sin. Slav. 3/N):
original images (left), recti�ed images (right).
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As the whole entity cannot directly be inferred from the mere positions of the
interest points, a localization algorithm is needed that expands the interest points
according to their scales and the classi�cation score to regions that encapsulate the
whole entity. Therefore, a cascading algorithm is proposed that successively rejects
weak candidates applying voting schemes (cf. Garz).

The evaluation shows that the method is able to locate main body text in ancient
manuscripts. The detection rate of decorative entities is not as high as for main body
text but already yields to promising results (cf. Figure 5).

3.3. nomacs image loungeand Toolbox for Manuscript Analysis

The image viewernomacs image lounge(<http://www.nomacs.org>) developed by
image processing experts at the Computer Vision Lab at Vienna UT already features
several useful functions for multispectral image analysis, e.g. image panning (also
between connected computers), and manuscript analysis, e.g. a false color tool for
enhancing the visual contrast between e.g. text and palimpsest. The latest develop-
ment is a toolbox for manuscript analysis. It was developed in collaboration with
manuscript researchers in order to make certain processing and reading steps better
and easier. The toolbox includes an automatic line detection tool based on the text line
detection technique similar to Yosef et.al. The calculated lines, depending on the script
either below or above the text, can be visualized directly on the shown manuscript
image. It can also measure the factual distance between two points of a loaded page
in relation to the image resolution. Another tool makes cutting out characters for the
creation of character comparison tables very fast by simply clicking into the according
letter and automatically extracting it in a bounding box. The toolbox will be included
in the next release ofnomacs.

3.4. External Project: Paleo Toolbox

Recently, one of the authors (Christens-Barry) has developed an imaging and process-
ing software tool,Paleo Toolbox, to aid researchers having varying levels of computer
skill. Paleo Toolboximplements work�ows developed for spectral imaging projects,
including the Archimedes Palimpsest Project and the St. Catherine’s Palimpsests
Project being conducted by EMEL2, with particular focus on the identi�cation and
increased legibility of undertext. It uses a simple tool palette interface that builds
upon the plugin architecture of ImageJ, a widely used open source tool for all major
platforms3.

2 <http://rsbweb.nih.gov/ij/>.
3 Available at <http://rsb.info.nih.gov/ij/>.
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Figure 5. Automatic Layout Detection on Psalterium Demetrii Sinaitici fol. 43v.
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Paleo Toolboxoperations o�er the large number of image viewing and image
processing operations that are available in the standard ImageJ libraries and plugins,
without requiring great expertise of the user. These rely largely on quantitative
manipulation, measurement, and visualization of features of interest. It includes a
set of image analysis (statistical approaches such as PCA), visualization (pseudocolor
display and color channel manipulation) and markup tools (textual annotation; region-
of-interest recording and replay). It more generally allows users to perform operations
that assist in codicological and paleolographic investigations.Paleo Toolboxcan be
adapted to the needs of individual scholars: ImageJ’s plugin architecture facilitates
the development or adaptation of processing routines to match the goals of particular
studies or the content of particular texts.

Its design is driven by the recognition that a linear model of image analysis, in which
images are initially processed solely by computer scientists and are then subsequently
viewed solely by humanities scholars, is both static and inadequate.Paleo Toolboxis
designed to allow scholars with little expertise in image manipulation to dynamically
explore images, to adjust display features (contrast, zoom, pan, color scheme etc.), but
also to create annotations and markup. These can be used to guide computer scientists
in adaptively choosing particular processing procedures based on the content.

Paleo Toolboxis based on an iterative model that envisions feedback from scholars
that informs further processing. This model is more similar to the interplay between
the human eye and the human brain than conventional approaches that conceive
vision as a unidirectional �ow of information from image processors (technologists) to
visual interpreters (scholars). A further, central goal at the heart ofPaleo Toolboxis to
assist the collaboration between technologists and scholars, while adopting standard
image and metadata formats that facilitate exchange, storage, and retrieval of images,
annotations, and working materials.

Based on the insights of one of the authors (Miklas) at a recent working conference
on the St. Catherine’s Palimpsests Project,Paleo Toolboxis presently being con�gured
to allow users to choose between a basic viewing environment, suited to the needs
of non-experts to view and annotate images in a simpli�ed setting, and a more
sophisticated processing environment encompassing the full range of processing
operations. This is intended to ease the joint use of a common tool by technologists
and scholars, at their various levels of comfort in using software tools, during both
individual and collaborative projects. (Please contact Bill Christens-Barry to obtain a
copy).

3.5. Series Glagolitica Sinaitica

Finally, we would like to announce that the �rst edition of our new seriesGlagolit-
ica Sinaitica(GlagSin) was issued by Holzhausen publishing house in August 2012
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containing the facsimile edition of the Psalterium Demetrii Sinaitici and the inserted
Medical Folia (Sin. Slav. 3/N); the critical edition of both manuscripts is well under
way. The following editions will comprise not only other facsimile and critical edi-
tions of Sinai manuscripts, but also a separate volume on analysis methods, material
chemistry, and computational results.
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What lies beneath: The application of digital
technology to uncover writing obscured by a

chemical reagent

Christine Voth

Abstract

The Anglo-Saxon manuscript, London, British Library, Royal 12. D. XVII, is the oldest
extant manuscript of Old English medical remedies (s. xmed). The manuscript ends
incompletely on fol. 127v. On this same folio, a chemical reagent has been applied
to several lines of writing along the long margin, obscuring the underlying text.
This study adapts the digital technology established by Peter Stokes for uncovering
palimpsests (2011) to uncover the writing hidden underneath the reagent. The
methods are set out step by step in order that they may be repeated by others,
or transferred for use on other damaged manuscripts. This study also reveals the
underlying text as a possibly corrupted Hiberno-Latin charm, and provides an analysis
and discussion of the text of the charm and its relation to the text of the manuscript.
Overall, the results of this study further our understanding of the uses to which
medical manuscripts were put during the Middle Ages, as well as providing a new
means by which we can access text in damaged manuscripts.

Zusammenfassung

Die anglelsächsische Handschrift, London, British Library, Royal 12. D. XVII, ist
die älteste existierende Handschrift altenglischer medizinischer Heilmittel (Mitte
10. Jh.). Die Handschrift endet unvollständig auf fol. 127v. Auf derselben Seite
wurde eine chemische Reagenz auf mehrere Zeilen Schrift am Rand entlang der
langen Seite angewendet, welche die Schrift unlesbar gemacht hat. Diese Studie
wendet die von Peter Stokes (2011) zum Sichtbarmachen von Palimpsesten etablierte
digitale Technologie an, um die Schrift unter der Reagenz lesbar zu machen. Die
Methoden sind Schritt für Schritt erklärt, damit sie von anderen wiederholt oder
auf andere beschädigte Handschriften übertragen werden können. Darüber hinaus
deckt diese Studie auf, dass es sich bei dem unterliegenden Text womöglich um einen
fehlerhaften Hiberno-Lateinischen Zauber handelt und analysiert und diskutiert
den Text des Zaubers und seine Beziehung zum Text der Handschrift. Insgesamt
erweitern die Ergebnisse dieser Studie sowohl unser Verständnis von der Anwendung
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medizinischer Handschriften im Mittelalter als auch von neuen Methoden den Text
beschädigter Handschriften zugänglich zu machen.

1. Introduction

The application of chemical reagents came into vogue during the nineteenth century
when scholars and antiquarians alike applied the liquid solutions to portions of
medieval manuscripts where the writing had faded or had been erased (as well as
some palimpsests) in order to make the faint writing more visible.1 A number of
Anglo-Saxon manuscripts were treated in this manner: the F-recension manuscript of
the Anglo-Saxon Chronicle (London, British Library, Cotton Domitian A. VIII, fols.
30�70) shows evidence of reagent having been applied to the margins and text on fols.
58r, 60r, 61r and 67r (Baker 2000: XVI). Sometime after Grímur Jónsson Thorkelín
made his transcription in 1787, a chemical reagent was applied to faded portions
of the text of the Beowulf manuscript (London, British Library, Cotton Vitellius A.
XV) on fols. 179r and 198v (Wrenn 1953: 12). When working on his edition of the
Leofric Missal (Oxford, Bodleian Library, Bodley 579) in 1883, F. E. Warren received
permission to apply a solution of hydrophosphate of ammonia to portions of the texts
which were no longer readable.2 The application of a reagent, typically similar in
chemical makeup to the oak galls used in medieval ink, was intended to darken erased
or faded scripts, and in many cases, the reagent temporarily darkened the text. But in
all cases, irreparable damage from the chemicals occurred, changing the surface of the
parchment in such a way as to make reading the underlying text nearly impossible
for later use.

Until recently, scholars were restricted to the use of ultraviolet lamp, fortuitous
natural light (Parkes 1991: 263), or a magnifying glass to aid in reading through the
damage left by the reagent, often with limited results. However, the availability of high
quality colour images of medieval manuscripts and the advent of digital technology
provide new access to texts underlying a reagent. Adapting the image manipulation
methods developed by Peter Stokes (2011) for use with palimpsests, I was able to
digitally enhance a folio from the tenth-century Anglo-Saxon manuscript London,
British Library, Royal 12. D. XVII that had been treated with a reagent. Although
the procedures described below derive from Stokes’s methods, their importance lies
in making accessible the application of digital enhancement to texts that have been
damaged by reagents or have darkened due to age or environment.

1 In 1912, palaeographer E. M. Thompson recommended certain ‘least harmful’ reagents for use on
palimpsests (p. 65).

2 No scholarly work has been undertaken recording the number of Anglo-Saxon manuscripts having
been treated with a reagent; these are just a few examples of the more well-known manuscripts.
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Digitally uncovering palimpsests involves creating a colour di�erence between the
parchment and the erased writing where little to none can be distinguished by the
naked eye (Stokes 2011: 42). The same principles apply to working with a reagent
because the ink and the reagent are often indistinguishable. This paper presents the
digital manipulation in three sections: in the First, I will share the methodology of
uncovering obscured writing; next, I will discuss what was discovered under the
chemical reagent and my preliminary analysis; and �nally, I will relate these results
back to the manuscript itself, addressing the results of my �ndings in relation to both,
the codicology of the manuscript and the content of the page upon which the text
was written.

1.1. The Manuscript

Royal 12. D. XVII is an Old English manuscript of medical remedies, copied in a
single hand of s. xmed. The manuscript is made up of three books, the �rst two of
which are known collectively by the name ‘Bald’s Leechbook’ because of the colophon
naming Bald as the owner of the book, copied at the end of book II. The third book,
which is now referred to as ‘Leechbook III’, is not believed to have been part of
the original ‘Bald’s Leechbook’ compilation, but copied into the current manuscript
collection probably because of similar medical content. In its entirety, Royal 12. D.
XVII comprises some of the earliest extant vernacular medical texts in Europe and is
important to our understanding of early medieval medicine, as well as the production
and use of medical texts in Anglo-Saxon England.

The manuscript ends incompletely on fol. 127v. Comparing the text of the �nal
folio with the table of contents of book three (on fol. 111r, see Table 1), three remedies
are apparently missing. The last few lines of chapter 71 (on the treatment of ulcers)
are written at the top of fol. 127v, followed by the chapter on the treatment of ‘yellow
disease’, which is numbered as chapter 72 in the text, but 73 in the table of contents.
Chapter 73, providing remedies for when one’s bowels are on the outside, is actually
listed as chapter 74 in the table of contents and ends incompletely after only �ve
lines. To sum up, chapter 72 on venom is missing entirely as are chapters 75 on ‘inner
sickness’ and 76 for the making of a holy salve. This would seem to indicate that
there is a missing gathering of unknown size at the end of the manuscript.

A chemical reagent has been applied to several lines of text written along the long
margin of 127v (see �gure 1). Only a few letters of the text are visible to the naked eye
as the reagent has caused signi�cant damage to the parchment � beyond the nature
of the dark brown after-e�ects of the reagent � as the organic material of the page is
now very delicate with a glossy appearance. In addition, several scrape marks are
visible across the top of the reagent, indicating some attempt had been made in the
past to try to remove it. Because of the incomplete nature of the third book, it seemed
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Figure 1.' British Library Board: London, British Library, Royal 12. D. XVII, fol. 127v before any adjustment.
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