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Vorwort

Der hier vorliegende vierte Band der Reihe Kodikologie und Paldographie im Digitalen
Zeitalter, zugleich elfter Band der Schriftenreihe des Instituts fiir Dokumentologie und
Editorik (IDE), versammelt zum einen Beitrige aus der Tagungsreihe Maschinen und
Manuskripte, die in den Jahren 2014, 2015 und 2016 im Rahmen des Verbundprojektes
eCodicology! in Trier, Karlsruhe und Darmstadt stattgefunden hat. Andere Beitrige
wurden durch gezielte Anfragen durch die Herausgeber hinzugewonnen. Alle Beitrage
wurden einer internen Begutachtung im erweiterten Herausgebergremium (IDE und
weitere Fachleute) sowie einer anonymisierten Begutachtung durch externe Fachleute
unterzogen. Dieser Band stellt das Ergebnis einer erfolgreichen Kooperation zwischen
der eCodicology-Forschergruppe, dem IDE und einer duflerst aktiven Forschungsge-
meinschaft im Schnittfeld traditioneller Geisteswissenschaften und Informatik dar.
Tagungsreihe und Publikation wurden durch die dreijahrige grofiziigige finanzielle
Unterstiitzung durch das Bundesministerium fiir Bildung und Forschung (BMBF)
ermoglicht, dem wir hiermit ebenso wie den Initiatoren des Projektes Andrea Rapp
(Darmstadt), Claudine Moulin (Trier) und Rainer Stotzka (Karlsruhe) unseren auf-
richtigen Dank aussprechen und auf das gesamte Projektteam bestehend aus Danah
Tonne, Swati Chandna, Oliver Schmid und Vera Hildenbrandt ausweiten mochten. Des
Weiteren gebiihrt unser Dank natiirlich allen beitragenden Autorinnen und Autoren
fiir ihre professionelle Zusammenarbeit auch unter bisweilen knappen Fristsetzungen.
Gleiches gilt fur die Fachgutacher und -gutachterinnen: fiir ihre konstruktive Kri-
tik, die zu einer wesentlichen Qualitatssteigerung einzelner Artikel beigetragen hat,
mochten wir uns vielmals bedanken. Herzlicher Dank gebiihrt schliefllich unseren
unentbehrlichen Helferinnen und Helfern: ganz besonderen Dank schulden wir Bar-
bara Bollig (Trier) fiir zahllose formale und englischsprachliche Korrekturen und Julia
Sorouri (Kéln) fiir die Einbandgestaltung. Thomas Roesler (K6ln) tiberpriifte alle URLs
and archivierte am 22. Juni 2017 die referenzierten Webseiten soweit als moglich im
Internet Archive (https://archive.org/). Bernhard Assmann (K6ln) bewaltigte erneut
alle technischen Finessen der Drucklegung. Die redaktionelle Mitarbeit von Celia
Krause (Darmstadt) und Philipp Hegel (Darmstadt) erstreckte sich auf alle wesent-
lichen Entwicklungsstufen dieses Bandes. Moge er einer interessierten Leserschaft
zum Nutzen und zur Freude gereichen.

Ko6ln und Trier im Juni 2017, die Herausgeber

1 Dieses Forschungs- und Entwicklungsprojekt wurde mit Mitteln des Bundesministeriums fiir Bildung
und Forschung (BMBF), Férderkennzeichen 01UG1350A-C gefordert und vom Projekttrager im Deut-
schen Zentrum fiir Luft- und Raumfahrt (PT-DLR) betreut.






Preface

This book is the fourth volume in the series Codicology and Palaeography in the
Digital Age as well as the eleventh volume of the publication series of the Institute
for Documentology and Scholarly Editing (IDE). It represents the proceedings of
the conference series Machines and Manuscripts organised within the frame of the
collaborative research project eCodicology' held in Trier, Karlsruhe and Darmstadt
from 2014-2016, whilst other contributors have been directly approached by the
editors. All articles have undergone both an internal reviewing process by members
of the IDE and editorial board and a blind peer reviewing process involving further
experts from the field. This volume is the result of a successful collaboration between
the researchers from the eCodicology project, members of the IDE and a very active
research community working at the intersection of the fields of traditional humanities
and computer science. The eCodicology project team and the IDE are grateful to the
German Federal Ministry of Education and Research (BMBF) for enabling not only the
conference series Machines and Manuscripts but also the realisation and publication
of the present volume with their financial support. We would also like to thank
the principal initiators of the project, Andrea Rapp (Darmstadt), Claudine Moulin
(Trier), and Rainer Stotzka (Karlsruhe) as well as the whole project team consisting
of Danah Tonne, Swati Chandna, Oliver Schmid and Vera Hildenbrandt. We want
to thank all contributors for their professional co-operation which made the quick
and smooth realisation of this publication possible. The same applies to all expert
reviewers, we and the authors are thankful for the constructive feedback which helped
to significantly raise the quality of the content of this volume. Our heartfelt thanks
also go to indispensable supporters, especially to Barbara Bollig (Trier) for countless
formal suggestions and language corrections as well as Julia Sorouri (Cologne) for
designing the cover. Thomas Roesler (Cologne) verified all URLs and archived the
referenced websites as far as possible in the Internet Archive (https://archive.org/)
on 22 June 2017. Bernhard Assmann (Cologne) once again managed to cope with
all technical intricacies of the print. Celia Krause (Darmstadt) and Philipp Hegel
(Darmstadt) collaborated actively on all editorial decisions and steps regarding this
publication. May it be the source of great avail and joy for its interested readers.

Cologne and Trier, June 2017, the editors

1 This research and development project was funded by the German Federal Ministry of Education and
Research (BMBF), funding code 01UG1350A-C, and managed by the Project Management Agency at the
German Aerospace Center (PT-DLR).
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Kodikologie und Paliographie zwischen
Geisteswissenschaften und Informatik

Andrea Rapp, Celia Krause, Philipp Hegel

Zusammenfassung

Digitale Kodikologie und Paldographie, wie sie sich in der Tagungsreihe Maschinen
und Manuskripte des Projekts eCodicology prasentierten, werden tiblicherweise in
interdisziplindren Projekten und multidisziplindren Forschergruppen realisiert. Ein
solches Design hat Konsequenzen fiir die digitale Kodikologie und Paldographie.
Unsere Einfithrung beschreibt und systematisiert, wie mit dieser Situation bei den in
diesem Band prisentierten Vorhaben umgegangen wird. Dabei zeigen sich Momente,
die als »zusammengesetzte< oder >erginzende« Interdisziplinaritit verstanden werden
konnen.

Abstract

Digital Codicology and Paleography as they are presented at the conferences of the
Machines and Manuscripts series organized by the eCodicology project are normally
realized in interdisciplinary projects and multidisciplinary teams. This research
design has consequences for the structure of digital codicology and palaeography.
Our introduction describes and categorizes the ways in which this situation is man-
aged in the research projects represented in this volume. Aspects of composite and
supplementary interdisciplinarity can be found.

1 Hintergrund

Der vorliegende Band fufit zum Teil auf Beitradgen aus der Tagungsreihe Maschinen
und Manuskripte, die im Rahmen des Projekts eCodicology in den Jahren 2014 bis 2016
in Trier, Karlsruhe und Darmstadt veranstaltet worden ist. Fur die erste internationa-
le Tagung konnten Referentinnen und Referenten aus den Bereichen Paldographie,
Kodikologie, Diplomatik, Informatik und Bibliothekswesen gewonnen werden. Die
zweite Konferenz war technisch orientiert und bot Expertinnen und Experten der
automatischen Mustererkennung oder der Informationsvisualisierung Raum fiir einen
interdisziplindren Austausch. Die Abschlusskonferenz mit dem allgemein gehalte-
nen Titel Forschung mit Schriftquellen im digitalen Zeitalter hatte ihren Fokus auf

Kodikologie und Paliographie im Digitalen Zeitalter 4 — Codicology and Palaeography in the Digital Age 4. Hrsg. Hannah
Busch, Franz Fischer und Patrick Sahle, unter Mitarbeit von Bernhard Assmann, Philipp Hegel und Celia Krause. Schriften
des Instituts fiir Dokumentologie und Editorik 11. Norderstedt: Books on Demand, 2017. VII-XVL
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computergestiitzten Verfahren fiir die Analyse von handgeschriebenen Dokumenten
und gedruckten Biichern. Analoge und digitale Methoden wurden explizit gegeniiber-
gestellt, um einen offenen Dialog zwischen traditionell und digital Forschenden zu
ermoglichen. Buchkundliche wie auch technische Aspekte wurden gleichermafien
beleuchtet und ihre Relevanz innerhalb der Digital Humanities aufgezeigt.

Das Forschungsprojekt eCodicology hatte die Layoutanalyse von Handschriften
des europaischen Mittelalters zum Gegenstand. Ziel war es, automatisch Mafle auf
Handschriftenseiten zu erkennen. Ausgangspunkt waren etwa 170.000 um Metadaten
erganzte Bilddigitalisate aus dem Skriptorium der Benediktinerabtei St. Matthias
in Trier. Grundlegende Elemente der Gestaltung wie Seitenfliche oder Text- und
Bildanteile wurden in ihrer Ausdehnung, Anzahl und Position auf jeder Seite durch
den Einsatz von Bildverarbeitung und Algorithmen zur Merkmalsextraktion ermittelt,
die dann statistisch ausgewertet wurden, um Muster und Verdanderungen innerhalb
des Bestandes von St. Matthias aufzeigen zu kénnen.

2 Zwischen den Disziplinen

Digitale Kodikologie und Paldographie stehen, wie schon ihre Namen verdeutlichen,
nicht mehr ganz auf dem festen Boden geisteswissenschaftlicher Tradition. Sie schwe-
ben zumindest scheinbar zwischen den Medien und den Disziplinen. So verstanden
passen sie gut zu jenem nicht mehr ganz neuen Schlagwort der Interdisziplinaritat, das
seinerseits interdisziplindr behandelt wird. Wer aber schwebt, hat mit der Schwere zu
kampfen. Disziplinen sind selbst soziokulturelle Gebilde, die sich im Laufe der Zeiten
herausgebildet, gefestigt und institutionalisiert haben. Auch wenn man anerkennt,
dass bestimmte Gegenstinde, Fragestellungen und selbst Methoden nicht nur von
einer einzelnen Disziplin behandelt, beantwortet oder angewendet werden, heif3t dies
nicht, dass ein Austausch von Ergebnissen und Verhandlungen tiber Verfahren pro-
blemlos ist. Es gibt gute Griinde, warum sich Disziplinen ausdifferenziert haben und
es fiir den einzelnen Wissenschaftler oder die einzelne Wissenschaftlerin schwierig
ist, einen hinreichend hohen Grad an Spezialisierung in mehreren Disziplinen zu
erreichen. Diese Schwierigkeit variiert mit den Disziplinen, aber zwischen traditionell
ausgebildeten Geisteswissenschaftlern und Geisteswissenschaftlerinnen einerseits
und Informatikern und Informatikerinnen andererseits ist die Differenz zumindest
nicht zu unterschéatzen.

Auch an den Gegenstanden des Buches und der Schrift haben verschiedene Diszi-
plinen Interesse. An der Tagungsreihe Maschinen und Manuskripte waren Philologien,
historische Wissenschaften, Musikwissenschaft und Informatik beteiligt, in einigen
Beitragen wird ferner deutlich, dass sich auch Physik und Chemie mit diesen Gegen-
stinden beschiftigen. Interdisziplindre Tagungen, Projekte und Sonderforschungsbe-
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reiche bringen seit einiger Zeit Vertreter und Vertreterinnen dieser unterschiedlichen
Disziplinen zusammen, um diesen Gegenstinden niherzukommen.! Die Tagungen
des Projektes eCodicology und der daraus entstandene Band wollen einige dieser
Perspektiven auf das Buch und die Schrift vorstellen. Dabei sollen die disziplindren
Grenzen nicht verwischt, aber jene interdisziplindren Schnittmengen betont werden,
die sich zwischen ihnen ergeben.

Das Projekt eCodicology war selbst insofern interdisziplindr angelegt, als Vertreter
und Vertreterinnen aus Philologie, Geschichte, Archdologie und Informatik zusam-
mengearbeitet haben, um Methoden der Bild- und Layoutanalyse mit kodikologischen
Interessen, statistischen Auswertungen und Visualisierungstechniken zu kombinieren.
Aus disziplindrer und interdisziplinérer Sicht sind zwei Punkte von allgemeinerem
Interesse.

Bekannt und sprichwdértlich ist zum einen, dass Geisteswissenschaften und Infor-
matik nicht immer die gleiche Sprache sprechen. Um sich eindeutiger verstindigen
zu konnen, wurde ein hierarchisch angelegtes Glossar kodikologischer Fachbegriffe
in SKOS angelegt. Es steht nun auch anderen Forschenden zur Verfiigung, um zum
Beispiel automatisch vermessene Bildbereiche genauer zu beschreiben.

Das Projekt ist zum anderen in einem engeren Sinn interdisziplinar, wenn damit ge-
meint ist, dass Arbeitsschritte, die in einer Disziplin vorgenommen werden, Resultate
aus anderen Arbeitsschritten voraussetzen, die in der anderen Disziplin vorgenommen
werden. Die digitale Bild- und Layoutanalyse, die in das Aufgabengebiet der Informa-
tiker fallt, schuf die Voraussetzungen fiir die statistische Auswertung der quantitativ
arbeitenden Kodikologen. Die Voraussetzung war nicht zwingend, aber das Auffin-
den und Zahlen von einzelnen graphischen Elementen durch den Kodikologen wére
deutlich weniger effizient gewesen. In diesem Fall handelte es sich also nicht um eine
mogliche, noch enger gefasste Form von Interdisziplinaritét, bei der Arbeitsschritte,
die in einer Disziplin vorgenommen werden, Resultate aus anderen Disziplinen sogar
notwendig voraussetzen. Aber die Verzahnung von Arbeitsschritten und Forschungs-
ergebnissen spricht wohl dafiir, hier nicht mehr von einer >nur«< multidiszipliniren
Sicht auf einen Gegenstand zu sprechen. Es lisst sich jedoch nicht von Transdis-
ziplinaritét sprechen, wenn damit gemeint ist, dass die einzelnen Wissenschaftler
Arbeitsschritte ibernehmen, die traditionellerweise von Vertretern einer anderen
Disziplin iibernommen werden.” Die Zusténdigkeiten fiir die einzelnen Arbeitsschritte

Zu denken ist an die Sonderforschungsbereiche Materiale Textkulturen in Heidelberg und Manuskriptkul-
turen in Hamburg. Zu denken ist auch an Projekte wie Digital Resource and Database for Palaeography,
Manuscript Studies and Diplomatic (DigiPal), die nicht von den Geisteswissenschaften allein umgesetzt
werden.

Jurgen Mittelstrafl sieht in der Transdisziplinaritit die »Interdisziplinaritdt im recht verstandenen
Sinne«. Vgl. Mittelstraf3 1987, 156: »Sie laf3t die disziplindren Dinge nicht einfach, wie sie sind, sondern
stellt, und sei es nur in bestimmten Problemlésungszusammenhéngen, die urspriingliche Einheit der
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blieben vielmehr klar den einzelnen Disziplinen zugeordnet.? Die Verwendung von
Resultaten aus dem Arbeitsschritt einer Disziplin in einem Arbeitsschritt der anderen
verlangt aber ebenso eine Ubersetzung wie die Formulierung von Anforderungen der
einen Disziplin an die andere. Interdisziplinaritat als Zwischenform zwischen Multi-
und Transdisziplinaritat kann diese Abhiangigkeiten vielleicht ganz gut bezeichnen.

Die Verbindung mehrerer, disziplinir zugeordneter Arbeitsschritte und die Uberset-
zungsarbeit an den Schnittstellen zwischen diesen Schritten kann begrifflich praziser
gefasst werden. Das Ineinander der disziplinir bestimmten Arbeitsschritte kann als
Ausdruck einer >zusammengesetzten« Interdisziplinaritit mit kooperativen Momenten
an den Schnittstellen gesehen werden. Zusammengesetzt heiflt dabei, dass verschiede-
ne Fihigkeiten zur Losung eines Problems verwendet werden.* Kooperativ heifit, dass
an den Nahtstellen Teamwork erforderlich ist.’ Explizit wird das Ineinandergreifen
von Disziplinen im Aufsatz von Inga Behrendt, Jennifer Bain und Kate Helsen anhand
der Rolle des Musikwissenschaftlers bei der Arbeit mit einem digitalen Neumen-
Worterbuch erklart. Nanette Rifjler-Pipka nimmt in ihrem Aufsatz indirekt Bezug auf
interdisziplindres Arbeiten, indem sie darauf anspielt, dass sich der Blick der Geis-
teswissenschaft und der Blick der Informationstechnik auf digitale Bilder wesentlich
voneinander unterscheiden.

Die interdisziplinare Tétigkeit im Projekt eCodicology umfasste methodische wie
theoretische Aspekte. Theoretische Interdisziplinaritat findet sich bei der Erstellung
eines gemeinsamen begrifflichen Rahmens in eCodicology, um die Ergebnisse der
Bildanalyse in kodikologische Termini zu iibersetzen.® Dariiber hinaus wurde die

Wissenschaft [...] wieder her.« In seinem Sinne wére im Fall von eCodicology daher nicht von »rechter
Interdisziplinaridt«, sondern eher von Multidisziplinaritat zu sprechen. Vgl. Mittelstrafy 1998, 32: »Inter-
disziplinaritat in Form von Multidisziplinaritdt 13t alles Fachliche oder Disziplinire, wie es ist; man
riickt nur auf Zeit, und ohne die eigenen fachlichen oder disziplinaren Orientierungen irgendwie zur
Disposition zu stellen, zusammen.« Der in dieser Einleitung verwendete Begriff der Interdisziplinari-
tét soll anzeigen, dass ein Vorhaben als Ganzes mehr als nur multidisziplinér sein kann, obwohl alle
grundlegenden Arbeitsschritte selbst disziplindr zugeordnet bleiben.

Dies lasst sich auch als eine ethische Maxime interdisziplindrer Arbeit verstehen, wie sie Ian Hacking
in einer personlichen Stellungnahme zum Thema ausgedriickt hat. Vgl. Hacking 2010, 196: »Worauf
es meiner Meinung nach ankommt, ist, dass aufrichtige und gewissenhafte Denker und Engagierte
gegenseitigen Respekt fiir ihre erworbenen Fahigkeiten und natiirlichen Talente aufbringen.«

Zur dieser und der folgenden Begrifflichkeit vgl. Julie Thompson Kleins taxonomische Zusammenstellung.
Vgl. Klein 2010, 18: »The label Composite ID names another familiar practice — applying complementary
skills to address complex problems or to achieve a shared goal.« »ID« steht dabei fiir Interdisziplinaritat.
Vgl. auch in anderer Begrifflichkeit Klein 2010, 19: »In Shared ID [...] different aspects of a complex
problem are tackled by different groups. They possess complementary skills, communicate results, and
monitor overall progress.«

Vgl. Klein 2010, 19: » Cooperative ID requires teamwork«.

Vgl. Klein 2010, 20: »The outcomes [der theoretischen Interdisziplinaritit] include conceptual frame-
works for analysis of particular problems, integration of propositions across disciplines, and new
synthesis based on continuities between models and analogies.« Die beiden Bereiche arbeiteten bei
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Methode der digitalen Bildanalyse von der Kodikologie >entliehen<, um die Gestaltung
mittelalterlicher Handschriften zu erfassen.” In einem eigens erstellten Computer-
programm ist das geisteswissenschaftlich motivierte Training der Algorithmen zur
Bilderkennung ebenso Voraussetzung fiir die Bildanalyse wie diese fiir die anschlie-
Bende kodikologische Annotation und quantitative Auswertung. Wenn die Adaption
von Methoden in eine dauerhafte Dependenz miindet, kann von >ergénzender< oder
>supplementirer< methodischer Interdisziplinaritit gesprochen werden.® Die Dau-
erhaftigkeit besteht in diesem Fall vor allem in dem digitalen Werkzeug, das fortan
anderen, dhnlich ausgerichteten Vorhaben zur Verfiigung steht. Der Beitrag von
Rif3ler-Pipka in diesem Band stellt eine solche Nutzung der im Projekt eCodicology
entwickelten Software in einem anderen Kontext vor. Ein weiteres Beispiel fiir die
Nachnutzung der entwickelten Software ist ein Gastprojekt des Berliner Sonderfor-
schungsbereichs Episteme in Bewegung, in dem automatisch erkannte Marginalien
in der handschriftlichen Uberlieferung des aristotelischen De interpretatione nach
verschiedenen Kriterien klassifiziert und statistisch untersucht werden.

Auch die iibrigen Beitrage dieses Bandes bewegen sich zwischen verschiedenen
Disziplinen, sind aber oft ihrem Gegenstand, ihrer Frage- und Problemstellung, manch-
mal auch ihrer Methode nach einer traditionellen Disziplin mehr oder weniger klar
zuzuordnen. Dennoch gibt es Schnittpunkte, in denen wie bei eCodicology Resultate
einer Disziplin zum Material einer anderen werden oder Disziplinen auf andere Weise
miteinander verzahnt agieren.

3 Gegenstinde

Eine Moglichkeit, die Beitrage dieses Bandes zu ordnen, besteht darin, nach ihren
zentralen Gegenstinden zu fragen. Trotz aller Ubergiinge, die sich fast notwendig
ergeben, lassen sich doch kleinere Gruppen spezifischen Inhalts identifizieren.
Sammlungen: Sammlungen kénnen sowohl geschlossene historische Gebilde sein,
die tatsdchlich einmal bestanden haben, als auch >kiinstliche< Zusammenstellungen
von Texten nach verschiedenen Gesichtspunkten wie der Gattung oder dem Ort ihrer
Herstellung. In beiden Fallen liegt der Schwerpunkt weniger auf dem einzelnen Objekt
als auf dem Zusammenhang zwischen einer Vielzahl dhnlicher Objekte. Bei digitalen
Sammlungen handelt es sich hauptsichlich um retrospektiv digitalisierte Quellenbe-

eCodicology aber dennoch auf der Grundlage ihrer eigenen Annahmen und Modelle.

Vgl. Klein 2010, 19: »The typical activity [in methodologischer Interdisziplinaritat] is borrowing a
method or concept from another discipline in order to test a hypothesis, to answer a research question,
or to help develop a theory«.

Vgl. Klein 2010, 19: »If borrowing becomes more sophisticated and an enduring dependence develops,
the relationship becomes Supplementary«. Beide Kriterien, Gewandtheit und Dauerhaftigkeit, sind
relativ. Wann genau sie erfiillt sind, bedarf der Klarung.
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stande kultureller Gedichtnisinstitutionen wie Bibliotheken, Archive oder Museen.
Zu digitalen Sammlungen gehoren aber auch Forschungsdaten, die im digitalen Me-
dium generiert wurden. Digitale Sammlungen sind notwendige Voraussetzungen
fur die computergestiitzte Verarbeitung und Analyse. Hartmut Beyer, Jorn Miinkner,
Katrin Schmidt und Timo Steyer erschliefen frithneuzeitliche Gelehrtenbibliotheken
und stellen in ihrem Beitrag Moglichkeiten einer visualisierenden Auswertung vor,
Matthew Driscoll untersucht die Uberlieferung der islindischen »Geschichten der
alten Manner aus den Nordlidndern«, der »Vorzeitsagas«.

Handschriftenbeschreibungen: Die Beschreibung von Handschriften ist ein wei-
teres Themenfeld, das in den versammelten Aufsitzen abgedeckt wird. Fiir die Erstel-
lung von elektronischen Handschriftenkatalogen greift man oft auf die Angaben aus
den gedruckten Katalogen zuriick, die iber einen langen Zeitraum erarbeitet wor-
den sind. Durch eine umfassende Digitalisierung von Bestdnden ist es nun moglich,
computerunterstiitzte Verfahren auf grofle Handschriftenbestéinde anzuwenden und
neue Daten zu gewinnen. Handschriftenbeschreibungen konnen so mit zusétzlichen
Informationen zu bekannten Beschreibungskategorien, aber auch mit ganzlich neuen
Datenkategorien angereichert werden. Alberto Campagnolo, Erin Connelly und Dot
Porter stellen das digitale Werkzeug VisColl vor, mit dem Lagen erfasst und darge-
stellt werden kénnen. Hannah Busch und Swati Chandna beschreiben Werkzeuge,
mit denen im Projekt eCodicology anhand von Digitalisaten mittelalterliche Hand-
schriften automatisch vermessen und die Ergebnisse visualisiert werden kénnen. Die
Lagenbeschreibung und die Vermessung behandeln dabei zunachst jede Handschrift
fur sich, auch wenn im zweiten Fall herausgestellt wird, wie diese Daten anschlie-
Bend fur einen ganzen Bestand ausgewertet werden konnen. Im ersten Beitrag wird
beschrieben, wie das Werkzeug den Kodikologen unmittelbar unterstiitzt und Auflen-
stehenden anschliefend einen Zugriff auf das Resultat erlaubt. Im zweiten Beitrag
wird beschrieben, wie die Daten vom Computer gewonnen und mit bestehenden Me-
tadaten kombiniert und verglichen werden. Auch wenn in diesen beiden Beispielen
vorrangig Handschriften behandelt werden, sind die digitalen Techniken auch zur
Beschreibung von Drucken geeignet.

Zeichensysteme: Ein drittes Themengebiet sind semiotische Systeme, die neben
der Schrift das Buch ausmachen. Rifler-Pipka wendet das Werkzeug aus eCodicology
an, um in lateinamerikanischen und spanischen Kulturzeitschriften der Moderne
unterschiedliche Gestaltungprinzipien und -praktiken zu untersuchen. Dabei betrach-
tet sie insbesondere das Verhiltnis von Bild und Text. Behrendt, Bain und Helsen
versuchen die Aspekte der Bildverarbeitung und der Kodierung im Feld der Neu-
menforschung zu verbinden. Die digitale Behandlung mittelalterlicher wie moderner
Handschriften und Drucke hat also nicht nur mit sprachlichem Text zu tun, sondern
ebenso mit Illustrationen und Noten, die oft fiir die Beschreibung der Handschrift
oder des Drucks relevant sind.
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Schriftforschung: Definitionsgeméf legt insbesondere die Paldographie beson-
deres Augenmerk auf das Zeichensystem der Schrift. Svenja Giilden, Celia Krause
und Ursula Verhoeven befassen sich in ihrem Beitrag mit der semantischen Modellie-
rung und Visualisierung von Daten fiir eine digitale Paldographie des Hieratischen.
Torsten Schafan weist auf die Schwierigkeiten einer gemeinsamen Sprache fir die
Beschreibung von Schriften hin und skizziert Losungsmoglichkeiten mit Blick auf
Semantic Web-Technologien. Bartosz Bogacz und Hubert Mara beschreiben, wie sie
mit XML-basierten Vektorgrafiken Keilschrift analysieren, Enrique Vidal stellt ein
Programm zur Unterstiitzung der Transkription vor. Auch innerhalb der Analyse
eines einzelnen Zeichensystems gibt es — dhnlich den beiden Projekten im Bereich
der Handschriftenbeschreibung — unterschiedliche Grade, die Prozesse ganz oder
teilweise einem digitalen Werkzeug zu tiberlassen. Der Grad der Unterstiitzung bei
der Erkennung von Schrift und der Grad der Kontrolle werden je nach Gegenstand
und Erkenntnisinteresse von verschiedenen Forschenden unterschiedlich bewertet
und gehandhabt.

Datierung und Stemmatologie: Digitale Verfahren werden auch fiir die chro-
nologische Einordnung der Forschungsobjekte eingesetzt. Vincent Christlein, Martin
Gropp und Andreas Maier unterscheiden zwischen einem inhaltsbasierten und einem
bildbasierten Zugang bei der Datierung von Handschriften und wenden eine automa-
tische Methode an, indem sie Merkmale der Schrift auf Digitalisaten extrahieren und
gruppieren. Gabor Hosszii wendet phylogenetische Methoden an, um die zeitliche
Entwicklung ganzer Schriftsysteme zu untersuchen. Steht in dem einen Fall eher die
Datierung des einzelnen Objektes im Vordergrund, so in dem anderen der Versuch,
Ahnlichkeiten von Graphemen zu nutzen, um ihre Verwandtschaft zu beschreiben,
auch wenn diese die Grenzen des einzelnen Schriftsystems tiberschreitet.

Materialitit: Die Untersuchung der Materialitdt eines Buches am Digitalisat steht
vor der besonderen Schwierigkeit, dass das digitale Objekt sich gerade materiell deut-
lich von dem eigentlich interessierenden Original unterscheidet. Dariya Rafiyenko
beschreibt in ihrem Beitrag einen Weg, um digital mit der Materialitit eines Palim-
psests umzugehen und die scriptio inferior ohne grofien technischen Aufwand sichtbar
zu machen. Campagnolo, Connelly und Porter stellen in ihrem Aufsatz fest, dass bei
der Prisentation von Digitalisaten oft Hinweise auf die physischen Eigenschaften von
Biichern fehlen. Thr Werkzeug VisColl soll bei der Beschreibung des Lagenschemas
Abhilfe schaffen. Insbesondere Studien zum Layout von Schriftdokumenten kénnen
auch dazu beitragen, mehr tber die Materialitit dieser Quellen zu erfahren, wie in
den Beitridgen von RifSler-Pipka sowie Busch und Chandna durchscheint.



X1V Andrea Rapp - Celia Krause — Philipp Hegel

4 Uberschneidungen

Quer zu den oben genannten Gegenstinden stehen einzelne digitale Verfahren, die in
variierenden Kontexten unterschiedlichen Zwecken dienen. Die technischen Werkzeu-
ge selbst sind durchaus vergleichbar, aber sie werden in unterschiedlichen Disziplinen
zur Anwendung gebracht, um je eigenen Erkenntnisinteressen zu dienen.

Text- und Zeichenerkennung: Sowohl im Optical Neume Recognition Project
von Behrendt, Bain und Helson als auch in der Anwendung von Handwritten Text
Recognition (HTR) und Keyword Spotting (KWS) bei Vidal oder rootSIFT bei Christlein,
Gropp und Maier werden Mechanismen zur automatischen Zeichenerkennung benutzt.
Der phenetische Ansatz Hossziis setzt eine solche Zeichenerkennung voraus. Auch
wenn diese Techniken in den vorliegenden Fallen Gegenstand der Informatik sind,
zeigt die Einbindung von Trainingseinheiten, dass hier die geisteswissenschaftliche
Beurteilung der Ergebnisse fest in den computerisierten Arbeitsablauf integriert ist.

Bildanalyse: Notwendige Vorstufe fiir die optische Erkennung von Schriftzei-
chen und Neumen ist die automatische Bildanalyse. Eine Bildanalyse kann sich auf
3D-Modelle oder Rastergraphiken von ganzen Schrifttragern, aber auch auf Vektorgra-
phiken von einzelnen Schriftzeichen oder Zeichengruppen erstrecken. Das Programm,
das Busch und Chandna vorstellen und das von Rifler-Pipka auf ihr Zeitschriftenkor-
pus angewendet wird, konzentriert sich auf Elemente der Seitengestaltung. Auch bei
der Bildanalyse dieser Art sind Geisteswissenschaftlerinnen und Geisteswissenschaft-
ler in ein Training der Software involviert. Rafiyenkos >Tracing« basiert zwar nicht
auf einer vergleichbar automatischen Bildanalyse, aber auf einer definierten Routine
zur Bearbeitung der Abbildung von Palimpsesten, um die verdeckte Schrift sichtbar
werden zu lassen.

Kodierung: Neben der automatischen Gewinnung von Daten spielt die Kodierung
als Modellierung von Information in mehreren Vorhaben eine Rolle. Die Kodierung
nicht-alphabetischer handgeschriebener Schriftzeichen bildet im Aufsatz von Giil-
den, Krause und Verhoeven einen Schwerpunkt. Bei automatisch gewonnenen Daten
wie im Projekt eCodicology sind die Speicherung der Ergebnisse und die Verkniip-
fung mit existierenden Beschreibungen Themen. Driscoll stellt in seinem Beitrag zu
den islandischen Sagas einige Kodierungsbeispiele vor, darunter solche fiir Fragen
der Seitengestaltung oder Textdichte. Im Optical Neume Recognition Project werden
Kodierung und Zeichenerkennung aneinander ausgerichtet.

Normierung von Daten: Normdaten kommen in verschiedenen der dargestellten
Projekten zum Einsatz. Zentral sind sie fir das Anliegen von Beyer, Miinkner, Schmidt
und Steyer. Auch Driscoll nutzt normierte Daten fiir die Beschreibung und Auswertung
der von ihm untersuchten Textgattung. Der Zusammenhang zwischen der Erforschung
von Sammlungen und dem Anreiz, auf Normdaten zuriickzugreifen, ist ebenso of-
fensichtlich wie nachvollziehbar, da hier die Nutzung von etablierten Standards, die
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Verkniipfung verschiedener Objekte, das Auffinden von Querverbindungen sowie die
Prozessierbarkeit und Interpretierbarkeit der Daten zentrale Anliegen sind. Schaflan
vergleicht bestimmte kontrollierte Vokabulare fiir die Schriftklassifikation und stellt
diese zum Beispiel Taxonomien und Ontologien gegeniiber.

Mikro- und Makroanalyse: Die Normierung der Daten ist oft eine Voraussetzung
fur statistische Auswertungen, wie dies in Driscolls Aufsatz deutlich wird. Dabei
wird — wohl meist von geisteswissenschaftlicher Seite — betont und angestrebt, die
Auswertung grofierer Datenmengen in Form von Makroanalysen mit Mikroanalysen
oder Einzelfallstudien zu verbinden, wie dies Beyer, Miinkner, Schmidt und Steyer nach
der ErschlieBung der privaten Biichersammlungen vorhaben. Mit dem im Beitrag
von Busch und Chandna vorgestellten Werkzeug CodiVis ist eine Verbindung von
Makroanalyse zum gesamten Handschriftenbestand und Mikroanalyse zu einzelnen
Kodizes oder einzelnen Seiten moglich.

Visualisierung: Ein typisches und oft gewiinschtes Ergebnis statistischer Auswer-
tungen sind statische oder dynamische graphische Aufbereitungen der Ergebnisse in
verschiedensten Formen. Auffillig ist dabei, dass dem Benutzer oft auch Méglichkeiten
gegeben werden, mit den Visualisierungen zu interagieren oder diese mit Metadaten
zu verkniipfen. So lassen sich sowohl bei CodiVis als auch bei VisColl Werte oder
Gruppen von Werten auswéhlen, um so durch die Datenmengen zu navigieren.

Computergestiitzte Suche: Das sogenannte Information Retrieval dient der Su-
che nach komplexen Inhalten. Vidal prasentiert ein Modell, das zeigt, wie Indexierung
und Suche ohne Transkription des Textes unmittelbar auf den Bildern selbst durch-
gefiithrt werden konnen. Bogacz und Mara stellen in ihrem Aufsatz eine graphische
Suchmoglichkeit von Keilschriftzeichen vor, die auf Vektorgraphiken basiert und
zugleich eine automatische Annotation gleicher Zeichen innerhalb des Textes ermog-
licht.

Annotation: Eine weitere Form der Interaktion mit dem digitalisierten Material
ist die Annotation. Der Ansatz von Bogacz und Mara beinhaltet ein entsprechendes
Verfahren. Die Werkzeuge CodiVis und VisColl erlauben, automatisch oder selbst
definierte Befunde mit einer Taxonomie zu verkniipfen. Auf diese Weise kénnen
entweder eine eigene Kategorisierung eingebracht und angewendet oder auch Daten
mit extern definierten Standards wie Normdaten verbunden werden.

An verschiedenen Stellen wird deutlich, dass auch zwischen diesen Uberschnei-
dungen ihrerseits wieder Uberschneidungen bestehen konnen. Ein Beispiel hierfiir ist
die Kombination von Kodierung und Zeichenerkennung. Einzelne technische Kompo-
nenten lassen sich miteinander oft auch in unterschiedlicher Reihenfolge zu einem
Arbeitsablauf verbinden. Eine Verkniipfung mit Normdaten etwa kann tiber digitale
Annotationen erfolgen und die Grundlage fiir statistische Analysen bilden. Diese
Modularisierung digitaler Komponenten ermdglicht — bestenfalls — jeweils passende
Kombinationen fiir verschiedene Arbeitsabldufe. Bei einigen digitalen Komponenten
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ist zudem die Interaktion zwischen Geisteswissenschaftler und Software entscheidend.
Nicht nur werden Programme oft so konzipiert, dass der Geisteswissenschaftler mit
Darstellungen seiner Daten direkt arbeiten kann, in einigen Schritten wie den genann-
ten >Trainingseinheiten« sind informatische Kompetenz und handschriftenkundliches
Wissen voneinander abhingig, um den Arbeitsschritt erfolgreich abschlieflen zu
konnen. Die Software muss Ergebnisse liefern, die der Geisteswissenschaftler be-
urteilen und verwenden kann; die Ergebnisse der Software hidngen aber auch von
seiner Rickmeldung beim Training der Algorithmen ab. Supplementire methodische
Interdisziplinaritat wie bei eCodicology ist also keine Seltenheit. Zusammengesetzte
Interdisziplinaritat mit kooperativen Momenten scheint sogar eher die Regel als die
Ausnahme zu sein.
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eCodicology: The Computer and the Mediaeval
Library

Hannah Busch, Swati Chandna

Abstract

Through digitisation a large amount of mediaeval manuscript collection became
publicly available, but the resources in time and human attention have not grown in
proportion of digitised sources. Therefore, the question arises whether the computer
can help to evaluate larger amounts of material like this. The project eCodicology
has focused its research on the detection and measuring of the different layout
features by using methods of pattern recognition for further analyses. The present
paper gives insights into the developed software, SWATI — the Software Workflow
for the Automatic Tagging of Images, and CodiVis, a visualisation framework for
high-dimensional data sets, and how it can help the codicologist to explore the
massive amount of heterogeneous datasets. The paper also focusses the various
challenges, such as uncertain data due to irregularities and missing information in
the manuscript’s catalogues, as well as the accuracy of the image processing results.

Zusammenfassung

Durch die Digitalisierung sind zahlreiche Sammlungen mittelalterlicher Handschrif-
ten offentlich zuganglich gemacht worden, jedoch sind weder die zeitlichen noch
die personellen Moglichkeiten der Erforschung proportional dazu gewachsen. Daher
stellt sich die Frage, inwiefern der Computer bei der Auswertung des Materials helfen
kann. Das Projekt eCodicology hat seine Forschungsarbeit auf die Erkennung und
Vermessung verschiedener makro- und mikrostruktureller Gestaltungsmerkmale der
mittelalterlichen Seite gerichtet, indem es Methoden der Mustererkennung nutzt.
Der vorliegende Artikel stellt die im Rahmen des Projektes entwickelte Software
SWATI - Software Workflow for the Automatic Tagging of Images und CodiVis, ein
Visualisierungsframework fiir hochdimensionales Datenmaterial, vor und erklrt,
wie die entwickelte Software die Erforschung grofler heterogener Datenbestédnde
ermoglichen soll. Dariiber hinaus richtet der Artikel sein Blickfeld auch auf die zahlrei-
chen Herausforderungen die durch Unsicherheiten im Datenmaterial hervorgerufen
werden sowie auf die Prazision der Ergebnisse der Bildverarbeitung.

Kodikologie und Paldographie im Digitalen Zeitalter 4 — Codicology and Palaeography in the Digital Age 4. Hrsg. Hannah
Busch, Franz Fischer und Patrick Sahle, unter Mitarbeit von Bernhard Assmann, Philipp Hegel und Celia Krause. Schriften
des Instituts fiir Dokumentologie und Editorik 11. Norderstedt: Books on Demand, 2017. 3-23.
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1 Page Layout and Mediaeval Manuscripts

A written page is more than text, it is not just a carrier of textual information, and
the distribution of layout elements on the page can tell us more about the history of
our written cultural heritage.

The page layout is defined as the collocation of rectangles containing graphical
signs on the page surface of a book (Agati 2009, 219), the ratio between page and its
content. The page layout aims to structure the codex and is designed according to
the function of the text or book, to guarantee legibility. This is something everyone
can notice by leafing through the codex. The appearance of a mediaeval book is very
aesthetic, so it is hard to believe that it was realised by individual visual judgement, but
research suggests the mediaeval artisans were artists rather than pure technicians. The
question arises if they followed geometric rules, algorithms or a canon of proportions.
This question has been the base of many layout studies concerning Latin and Greek
manuscripts and it has been proven that at least in the most important scriptoria
instructions had to be followed (see Maniaci 1995).

That the layout of the mediaeval manuscript page is not left to chance is proven by
the existence of formulae of proportions as well (see Agati 2009 and Maniaci 1995).
A formula of proportions can be defined as a coherent unit of standards, which —
causing an organic bond between the different elements of the page — aims to extract
the construction of a schema of ruling.! The formula must be un-ambiguous and
universal, it must not give values but proportions between the different features of
the page and it is sufficient to give essential parameters to obtain all layout features
(Maniaci 1995, 17). The validation of a formula can only be proven if one applies a
flexible approach with a tolerance range, not to forget that a manuscript is still an
artisanal work.

Concerning the connection of geometrics and page layout, it is sufficient to observe
the ratio between the two sides of the rectangle to understand if a notable rectangle
is involved. Notable rectangles can be defined by proportions which converge the
aesthetic ideals of antiquity and exhibit certain geometrical proportions between their
long and the short side. Two of those antique visions of aesthetics are the Golden
Ratio and the Pythagorean Theorem.

The theory is proven by certain recurring relations, like the relation between the
height of the text block and the width of the page: h=L, or the width of the text block
is equal to the page height divided in half 1=H/2 (Agati 2009, 227{t.).

To verify such theories, analysis of large corpora of mediaeval manuscripts is
required. Measuring hundreds and thousands of manuscript pages manually is a

1" “Insieme coerente di norme che, istituendo un legame organico tra i diversi elementi della pagina, mira

ad agevolare la costruzione di uno schema di rigatura univocamente definito” (see formulas of S. Remi
Parisinus, lat. 11884, sec. IX., in Agati 2009, 219)
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very time consuming undertaking and the error rate of human work increases with
every page measured. The availability of digitised manuscripts offers the possibility
to utilise computers to collect and process the data. The project eCodicology® is one
attempt to analyse digital reproductions of mediaeval manuscripts with the help of
computers by using methods of pattern recognition to take a closer look at the layout
and perform statistical analysis of the newly gained data.

2 Introducing eCodicology

The idea of eCodicology was born during the digitisation project Virtuelles Skriptorium
St. Matthias which digitised, reunited and published the manuscripts and fragments
from the mediaeval library of the Benedictine Abbey of St. Matthias in Trier. Its basis
is the idea of thinking further than just giving access to digitised manuscripts and
catalogues.® For almost twenty years mediaeval manuscripts and other historical
written documents have been digitised. Initially, digitisation focused on extremely
important, famous, or rare manuscripts with the objective of making them accessible
to the broad public and to ensure a better protection of the original. When high
resolution scanners and digital single lens reflex cameras became more and more
affordable, entire collections made their way into digital libraries.

New technologies and inventions have since been increasing the quality of the
image data. It was time to take a next step and to rescue the digital collections from
gathering dusty: digitised manuscripts can open new ways of research beyond better
accessibility for researchers. The special research question of eCodicology focuses
on generating new descriptive metadata by automatic analyses of digital images:
is it possible to add missing or more precise information on the page layout in the
catalogues by using the computer? And to which extent can these data help to support
a historical research interest? To answer these questions, the project eCodicology
tries to measure and analyse the page layout of mediaeval manuscripts by using the
machine.

It has been the idea of eCodicology to establish a workflow for the automatic
tagging of mediaeval manuscript layout features, including an algorithm library for
pre-processing and feature extraction steps and transformation into the common
format of the virtual scriptorium’s database.* Furthermore, it experiments with the

2 eCodicology is a joint research project of the Technical University of Darmstadt, the Trier Center for

Digital Humanities and the Karlsruhe Institute of Technology. The project has been funded by the
Federal Ministry of Education and Research (BMBF) under the agreement O1UG1350A-C from 2013-2016.
The searchable database including the digital representations is available online via http://www.
stmatthias.uni-trier.de and the TextGrid Repository (TextGrid).

For the project Virtuelles Skriptorium St. Matthias, a MySQL database was set up. Since DFG-Viewer
is used for the presentation of the facsimile’s XML, information meeting the substandard METS was


http://www.stmatthias.uni-trier.de
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exploration of these data by performing statistical analyses and by providing an
interactive visualisation framework.

eCodicology follows the quantitative approach to codicology which was first de-
veloped by a group of French and Italian researchers in the 1970s. Instead of focusing
their research on the description of single manuscripts, the group Quanticod® star-
ted to collect data for entire collections by building corpora and measuring similar
features of the page layout. By manually collecting results of measurements and
counting layout features on which statistical evaluations were performed, trends in
manuscript production could be proven and displayed with graphic charts. Thus, it
was possible to make statements about the character density on pages with a one or
two column layout, about the significance of marginal space, and about temporary
and regional tendencies concerning the mise-en-page of mediaeval manuscripts. Geo-
metrical calculations could tell if the aspect ratio was influenced by norms like the
Golden Ratio, well known from paintings, or the Pythagorean Theorem.

For the codicologist, the objective of working with the “masses” is to learn more
about the materiality of manuscripts and their manufacturing process and to build a
typology of manuscripts in a synchronic and diachronic perspective. For unknown
reasons, the group of researchers stopped working on their projects just when com-
puters developed more potential and, most importantly became affordable for research
institutions and scholars.

3 SWATI - Software Workflow for the Automatic Tagging of
Images®

In order to analyse a large quantity of digitised manuscripts one has to figure out
how to prepare and to handle the image data, which, in the case of the St. Matthias
scriptorium, are not less than five terabytes.

Therefore, the first goal of the project was to develop a complete workflow for
automatic detection and tagging of layout features of mediaeval manuscript pages.
Thus, high level interdisciplinary collaboration between humanist research and com-
puter science was demanded. A first list consisting of properties which describe
the page layout of a handwritten page containing all kinds of textual and pictorial
elements such as highlighting, initials, decoration, changes of script had to be reduced

required. Descriptive metadata is stored according to the TEI P5 guidelines (TEI-C).
5 Notably, Ezio Ornato, Carla Bozzolo, Denis Muzerelle, Dominique Coq. A collection of essays about
their research has been published by Ezio Ornato in 1997.
For a more detailed description of the eCodicology workflow, especially from the technical perspective,
please see Chandna et al. 2015. The software will be available as a JAR file which can be executed
directly from the command line. It will also contain plugins for Image] to test them with single images
at a time. It will be published via the eCodicology project page
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to initially three main features (page size, textual spaces, pictorial spaces) to ensure
precision and quality of the automatically collected data (see fig. 1).

To extract the layout features of the manuscripts, different steps and applications
of various image processing methods are necessary, starting with a pre-processing
consisting of colour calibration, spatial calibration, noise removal, and scaling. Be-
cause image data themselves do not classify as codicological information, a schema
was developed to translate them into such. However, the difficulties already begin
when taking a closer look at the source language of the images.

First, one might have to deal with different resolutions due to the usage of different
scanners or digitisation methods. Overhead scanners or constructions using DSLR
cameras are most common. For the project Virtuelles Skriptorium St. Matthias, two
different overhead scanners were used, one with a resolution of 300 dpi, the second
with 400 dpi. This problem not only affects the resolution of the image, but also
colour fastness. Different scanners have different colour spaces, which make digitised
images dependent on scanner hardware. A software supposed to deal with any image
must be able to adjust such variances. Using a colour checker and scale during the
digitisation process is indispensable. Furthermore, images also have some noise that
has to be removed or minimised by special filters. To analyse a larger amount of
images, it is useful and possible to scale them down before processing them in order
to reduce the time needed without distorting the results.

After these necessary pre-processing steps, an object segmentation can be per-
formed. Object segmentation refers to the process which divides the image into its
constituent objects and the background. The complexity of this process varies with
factors like inconsistent intensity of the background, variations of intensity within the
foreground objects, and clustering of foreground objects. The variations within the
foreground might cause over-segmentation. For the eCodicology project, algorithms
are trained to detect the borders of the page to measure the page size, textual space,
and pictorial space. The training is done with the Image] Software (Image]) and
MOA/WEKA (MOA), and utilises various machine learning algorithms, e.g. Bayes
classifiers, Rules based classifiers, Tree classifiers, Lazy classifiers.

In the next step, the feature extraction, the relevant quantitative parameters are
extracted using the images obtained in the segmentation step. The individual identific-
ation of segmented foreground objects can be done by labelling connected components.
Pixels which belong to the same connected component are assigned the same label
and, similarly, the pixels belonging to a different connected component are given
different labels. Assuming the correct segmentation, the area of the manuscript page
is extracted by counting the number of pixels corresponding to the foreground label.
We extracted other features like page height and page width or text height and text
width by reducing the foreground objects to arcs that are one pixel in width.
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Figure 1: Example of a mediaeval manuscript page from Hs. 1108/55 4° (StB/StA Trier) showing the layout
features page space, written space, pictorial space.
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After pre-processing the images by calibration, filtering, and scaling, and success-
fully processing the results of the feature extraction, the data gathered can be included
in the catalogue and used for statistical evaluation. This is the actual translation of
image data into codicological information.” The results are saved in XML according
to the TEI P5 (TEI-C) guidelines. For eCodicology, a TEI P5 conformant ODD-based
metadata schema has been designed that allows storing metrical data in the manu-
script description.® The resulting XML files are machine-readable and can be accessed
by the software R (R-Project) or any other software to perform statistical calculations.

4 The Technique you use Influences the Result you get

The technical choice determines the possibilities of the scientific evaluation. This not
only affects the quality of the scans. Some codicological features, such as watermarks,
which have so far not been taken into consideration systematically in the catalogues
for the library of St. Matthias, can only be detected on images produced with special
techniques such as thermographic scans. Since no such scans are available for our
corpus, we are not able to provide these extra information in the catalogue. But we
can add more exact measurements for the page size of every single page, which is
already a progress since traditional format data such as Folio, Quarto, and Octave can
often be found in catalogues and the use of these descriptive data does not seem to be
completely coherent. By using the computer, measurements of central tendencies and
dispersion, maximum and minimum values in millimetre (or any other measuring
unit) can be determined. It is correct, as Ezio Ornato stated in 1991, that quantitative
codicology can be done with a simple sheet of graph paper (see Ornato 1991), but
the larger the number of objects and variables, the more useful the application of a
computer. The same is true for statistical evaluation. Furthermore, the computer is
able to do this kind of work more precisely.

The structural data of a text correspond to the data extracted from digital images
of mediaeval manuscript pages. In both cases, we see entities that are syntactically
evaluated. A text consists of single elements such as chapters, words, and letters. Di-
gital texts can even be enriched by paratexts or meta-information such as annotations
or authority files. A digital image usually consists of single components or patterns
that are machine readable based on their colour value, shape, or size. Humans see
colour fields, shapes, symbols, or figures. Computers “see” pixels, hue, saturation,
and brightness. Equal to text or language, the image of a manuscript page can be
regarded as a sign system that can be processed and disassembled into its constituent
components.

7 For a more detailed description of the project’s workflow see Chandna et al. 2015.
8 ODD (One Document Does it All) files can easily be converted into various XML schema languages by
using ROMA, a tool developed for generating customised TEI data.
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But it is not only complex layout features which can be detected by a computer
and used to answer codicological research questions. In the case of St. Matthias,
fragments have been removed from the codices and collected in special archive boxes.
However, in some cases it has not been recorded which fragments are related to which
codex. Thus, two groups of fragments are given: one with recorded relations, and one
without these data. Even apparently simple data such as height and width of page or
text might help to reconstruct the original codicological connection.

Apart from first experiments with statistical evaluation mostly concerning the
certainty of manual and automatic measurements, changes in page size, comparison
of manuscripts written on paper and parchment, and the general book production
of centuries , the project utilised a second approach to make the data talk: high-
dimensional data visualisation.” With the help of CodiVis'’, a visualisation concept
was developed to facilitate explorations of correlations in the abstract feature space
of large sets of digitised mediaeval manuscripts (see fig. 2).

It combines two visualisation techniques in order to overcome the shortcomings
of the single visualisation methods. In the first technique, manuscripts are clustered
according to their bibliographic metadata and represented in a radial tree. This
gives a quick overview of the whole data set. The polar node-link diagram was
chosen over the Cartesian system because it combines the advantage of using space
more efficiently while it has a pleasing aesthetic” (Heer et al. 2010, 64). In the
second technique, bibliographic metadata are further linked to the macro- and micro-
structural features in the parallel coordinate view, which is a relatively compact way
to show many variables simultaneously. Interactive changes in the radial tree are
automatically reflected in the parallel coordinate view. CodiVis consists of two major
views: the manuscript explorer view, and the manuscript page explorer view. The
former provides the users with an overview enabling access to the manuscripts and
mean measurements of the layout features at a single glance. Users can select a subset
of manuscripts which they want to explore and see the details in the manuscript
page explorer view (see figs. 4-6). The latter allows the users to access the details
of manuscript pages and measurements of layout features regarding each individual
page. Both views help answering various domain specific questions such as “How is
the distribution of manuscripts over the course of a particular century?” or “How did
manuscripts develop over time with respect to the writing material?” The visualisation
concept may show the potential of analyses by enabling quick exploration of “big
humanities data”.

® Human imagination reaches its limits when it comes to imagining more than three dimensions. To
visualize high dimensional data sufficiently, visualisation or data have to be adjusted; therefore, special
visualisation techniques have been designed.

10 For a more detailed presentation of the CodiVis framework see Chandna et al. 2016 and 2017.
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Figure 2: The image shows the main view of CodiVis with the list of all manuscripts in form of a radial tree
on the left, the parallel coordinates with different parameters at the top right and at the bottom
right the list of manuscripts with bibliographical metadata.

While statistical analyses can already reduce the necessary efforts for codicologists
to extract knowledge, important information related to micro-level features might get
lost as a result of research based on certain parameters and questions to the material.

The development of an effective workflow for image processing and interactive
visualisation techniques has been one task of the project and is an important con-
tribution to the future of codicological studies in the digital age since it allows the
researcher to better handle digitised corpora.

However, realistically we also need to evaluate the accuracy of our results to see if
they are worth all the effort. In the beginning of the project, we had an ambitious
list'! of codicological features hopefully to be detected automatically, which soon
was reduced to areas of page size, textual space, and pictorial space (see fig. 1). The
position of the textual space, which is recorded with coordinates (by combining TEI
and SVG), can possibly give us information about the number of columns or glosses.
In addition, the number of lines can be estimated. Irregularities such as highlighting,
change of script, or initials influence the result. Currently, roughly 15 features — most
of them assigned to one of the three main groups — are extracted on each page.

11 The first list included different levels of text structure like headings, incipits/explicits, page title, page
numbers, neumes, glosses, underlining, ruling, miniatures, initials, highlighting.
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N. Feature
1 Number of Pages
2 Mean Colour Value
3 Page Width
4  Page Height
5  Upper Left Corner Coordinates of Page
6  Relative Measurements of Page
7 Text Width
8  Text Height
9 Text Areas
10 Upper Left Corner Coordinates of Text
11  Relative Measurements of Text
12 Pictorial Width
13 Pictorial Height
14  Number of Pictorial Areas
15  Upper Left Corner Coordinates of Pictures
16  Relative Measurements of Pictures
Table 1: Layout features of the mediaeval manuscripts extracted by SWATI
Bibliographic metadata ~ Values
1 Format 2°,4°, 8%, 12°, 16°
2 Material Paper, Parchment, Both, None
3 Century 8 AD, 9 AD, 10 AD, 11 AD, 12 AD, 13 AD, 14 AD, 15 AD, 16

AD, 17 AD, 18 AD

Table 2: Bibliographic metadata of the mediaeval manuscripts from St. Matthias database.

5 Challenges for Humanities Scholars: The Catalogue you
have Influences the Result you get.

The stock of manuscripts of the library of St. Matthias is very heterogeneous, it is a
collection bringing together the results of text production from the early 8% century
to the 18" century, with different origins throughout Europe.

The lowest common property is that, at one point, they all became part of the St.
Matthias library which only started to add a notice of possession to the codices in
the second half of the 12" century.!? With the occupation of Trier by French troops

12 The first church in honor of the first bishops of Trier, St. Valerius and St. Eucharius, has its origins in



eCodicology 13

at the end of the 18" century, and the resulting secularization, most monasteries
in the region were closed and the stock of the library of St. Matthias dispersed
to various places around the world. Fortunately, the major part of the about 500
manuscripts remained in Trier and became part of the newly founded City library,
today Stadtbibliothek und Stadtarchiv Weberbach. Today, a second, big part of the
stock is part of the library of the episcopal seminary, the Bischifliches Priesterseminar
Trier.

In 2014, the project Virtuelles Scriptorium St. Matthias, funded by the DFG, com-
pleted the virtual reconstruction of the mediaeval stock of the monastic library; in
this context, a digital catalogue database was set up and published and the roughly
440 codices which remained in Trier were digitised (Virtuelles Skriptorium). For
the database the project team was able to revert to four catalogues describing the
manuscripts of St. Matthias: in 1931, Josef Montebaur published a commented copy
of the catalogue from 1530, Max Keuffer and Gottfried Kentenich catalogued the ma-
nuscripts stored at the city library - including the heritage of St. Matthias — between
1888 and 1931, the manuscripts of the episcopal library were registered by Jakob
Marx in 1912. Unfortunately, none of the works contains detailed descriptions of each
codex, neither regarding the content, nor the codicological description. The codicolo-
gist working with quantitative methods, thus, cannot refer to detailed preliminary
studies. Furthermore, they have to deal with uncertain data. As mentioned above, the
library stock of St. Matthias is very heterogeneous, including texts of various genres,
proveniences, and centuries, often even bound together in one volume. In some cases,
information about provenience, content, miniatures, and dating have been registered,
but even though many of the manuscripts from the St. Matthias scriptorium or other
scriptoria in the region have colophons, they have not been taken into account while
cataloguing.

Almost every manuscript has been assigned a date of production; in most cases a
century, in around 125 cases — especially for composite manuscripts — two or more
centuries, and in a few cases even a more precise dating, the majority of those roughly
100 manuscripts is from the 15" century, the oldest manuscript is dated to the year
AD 719. One might assume this to be a good basis to perform further analyses, but
the dating is one of the project’s major analytical uncertainties. It remains unclear
what the date refers to: is it the point of production, acquisition, or registration in a
catalogue. A parchment manuscript was probably not produced in the 18 century
(although it is technically possible) and paper cannot appear before the 14" century.
As seen in figure 3, the latest pure parchment codex is dated to the 16 century. In
miscellaneous manuscripts with both materials, parchment can be found up to the

the second half of the fifth century. Between 970 and 980, the monastery became part of the Benedictine
order, with this change at the latest a library must have been established.
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18" century. Especially in the case of multiple-text manuscripts we do not have
information dating single contents in the catalogue, sometimes there is no dating at
all. A similar problem surfaces when taking a closer look at the assigned formats. In
most cases in the St. Matthias database, information about the format was taken from
the shelf marks, all codes of the codices from the city library end with an indication
such as 4°, 8° or 16°. According to codicological description, this little detail should
provide information about the number of times a piece of parchment has been folded
and indicates the resultant number of leaves, but in this case most of the format
indications have been added by the librarian. Therefore, it is more probable that the
indication refers to the spine height of each book according to printing conventions
to give information on which type of bookshelf in the depot a book can be found.*®
Thus, we cannot easily rely on that information either to perform analysis.

Working with the book or page size implies another problem: like in many other
libraries, it was quite common to rebind the manuscripts and to cut them to a new
standardized size in order to match the style of the institution. Cutting processes
mostly have not been registered but taking a closer look at the book the cutting
edges are clearly visible which makes it very difficult to perform satisfying studies of
(original) book formats. The binding also swallows an indefinable part of the inner
margin and can therefore be considered a major enemy of page measurements. Other
than modern books, manuscripts do not have a title, instead, the incipit or first words
were noted to the catalogue entry. Another information gap is the description of
initials and miniatures. Not all of the texts are illuminated or contain miniatures, but
initials were a common feature to structure the texts, starting from little highlighted
letters to page-filling initial letters. Only a very small percentage of pictorial elements
have been catalogued, detailed descriptions, measurements, and information about
the exact location within the codex are missing. Therefore, we have no information
about the text-to-image ratio in mediaeval manuscripts. To find and count images,
one would have to leaf through all the books which, of course, got easier with every
digitisation but is still a very time-consuming procedure. Applying SWATI on a
digitised set of manuscripts will provide you with all these information by adding
them to the metadata.

Thus, on the one hand, we can be lucky to have a catalogued corpus to work
with, but, on the other hand, our catalogues only contain basic and often uncertain
data. Hence, one goal of the eCodicology project was to discuss those problems
and to develop a workflow to handle uncertainties. With the automatic approach

13 The results of a comparison between format, translated into measurements in centimetre according to
the guidelines of the Deutsche Bibliothek, today German National Library, and the actual format of the
binding are presented in the final report of the project (eCodicology). The comparison is of course not
exact because of missing references to mediaeval times where the size of a page was determined by
type and size of the animal (skin) and the number of times the parchment had been folded.
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Figure 3: The image shows a detail from the parallel coordinate plot in CodiVis: the emergence of different
materials and their dating.

from the computer science part of the project it was even more important to discuss
uncertainties and to determine solutions. Format and automatically measured page
size are two entirely different entities and will not be mixed but registered separately
in the TEI P5 XML files without any loss of information.!* For the storing of the
manuscripts, the dating held further problems since a solution needed to be found on
how to deal with manuscripts dated to two or more centuries. Even though structural
data which separate the different contents in one manuscript have been generated
during the digitisation process, neither human nor machine can easily define a date of
production for each content. The question remains how to handle these uncertain data.
As a solution, manuscripts with more than one dating in the TEI file are represented
with multiple lines in the parallel coordinate plot.

Visualisation can help to find outliers as it shows certain patterns, for example
for the page size and the main text areas. Significantly divergent formats in a time
period can hint at the certainty of the temporal placement in the bibliographical

14" A detailed description of the developed schema is described in the final report of the eCodicology project.
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metadata. The same applies for questions about the writing material. Including
information about a manuscript’s content is rather difficult: as mentioned before,
the more information the catalogue offers, the more questions can be answered by
a quantitative approach. While digitisation enabled access to large collections of
manuscripts and initiatives such as the Text Encoding Initiative (TEI-C) have developed
standards to store bibliographic metadata in an interoperable format, most of the
recent manuscript cataloguing projects have not kept in mind to provide their data in
machine readable files. The non-existence of a multilingual controlled vocabulary for
manuscript description to refer to is a serious problem.’® The idea to face this problem
within the project eCodicology was born due to the difficulty of interdisciplinary and
intercultural communication in the project team, which consisted of scholars with
different nationalities and from disciplines, namely computer science and various
disciplines from humanities research fields. A bilingual list of terms was collected to
simplify communication between the project members and transferred to a browser-
based SKOS editor to build up a rdf-based codicological ontology (CodiKos).'®

The quantitative codicologist cannot gain new insights without the support of the
expert applying traditional methods. A closer collaboration is highly demanded in
the future. Without being able to work with library contents annotated to higher
standards, the building of larger corpora with the same parameters is impossible and
limits the option of quantitative research.

6 Discussion of the Results: What did eCodicology Teach us so
far?

At the preliminary endpoint of the project work'’, all 170,000 pages (440 codices)
have been processed once, roughly 15 different features (see table 1) per page — 10.000
features per manuscript — were captured and saved in the metadata files, which
makes a total of 2.5 million new entries. The processing of one codex page takes 3-5
minutes according to the complexity of each page. The newly gained metadata give —
apart from information on e.g. the colour values — information about the page size
and dimensions and place of the different text and image areas on the page. After
the first run of SWATI we got satisfying results'® regarding the page measurements

For further information on the general difficulties of manuscript terminology across different languages
see Jakobi-Mirwald 2009.

The SKOS ontology was developed within CodiLab in collaboration with the project SemToNotes, which
aimed at designing an image annotation tool for manual correction and semantical enrichment of
automatic image annotation.

The funding of eCodicology ended in April 2016. The software development is currently continued in
the context of a Phd thesis at the Karlsruhe Institute of Technology.

We decided on a 2,5% acceptance range for deviation, everything within that 2,5% is satisfying.

16
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Figure 4: This figure shows the superimposition plot of page space measurements, textual space measure-
ments, and pictorial space measurements

and main text areas. After processing the first couple of complete codices, manual
measurements of the same sample were taken and compared to the automatic results.
An acceptable range of 2,5% for the mean deviation was decided and both groups
were within that range concerning the page height.!’

Currently (January 2017), calculations and tests to define the segmentation quality
are being performed. The feature extraction of image areas can still be considered
to be in its infancy: extracting image areas is a very complex process as image areas
may contain many areas too similar to the background of the page to be determined
precisely and it needs more training before one can work with the results. To store
the results of feature extraction correctly they need to be filtered since the machine
defines irregularities as text or image space. After sampling and defining a minimum
value for those areas and further training the algorithms, the results can be improved
significantly. Visualisation of the annotated areas can support these processes (see
fig. 4).

Looking at the data visualisation on page level, the detected zones can be reflected
in the original image: red frames surround the page area, green frames the text areas,
and blue frames the image spaces. The example (fig. 4 and 5) shows manuscript Hs. 68

1% The case study has been presented at the annual conference of the DHd in Graz in February 2015.
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Figure 5: This figure shows a manuscript montage plot. In this view, all the manuscript pages are combined
into the composite view and the relative measurements extracted from the SWATI workflow are
plotted on top of each respective page.

from the Bibliothek des Bischiflichen Priesterseminars Trier, a manuscript on parchment
from the 12 century with a two columned layout and without illuminations. The two
main text areas can be distinguished very well from misdiagnosed smaller areas which
most probably are irregularities on the parchment. Little text areas in the upper right
corner are most probably the page numbers added subsequently and the few oblong
text areas on the outer margin are glosses. Large red areas left-aligned within the text
fields are initials. The remaining detected zones can be marked as errors for further
training. Training can improve the processing algorithms significantly. Statistical
analyses can help to define a value for minimum areas of text and image to be ignored
and location of an area on the page can also help to evaluate the correctness of a
detected area: features very close to the binding are mostly neither text nor image. The
accuracy of the measurements is also checked with confidence intervals of currently
20 pages to get a mean of the whole manuscript, if those twenty pages show accurate
results, training and feature extraction is considered successful.

2.5 million features on 170,000 image scans is too big a number to handle manually
for further analyses. Therefore, the visualisation framework CodiVis was developed
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Figure 6: This figure shows a manuscript page explorer view. It shows all the measurements of layout
features of a single manuscript. At the top, the parallel coordinate plot is shown where each line
represents one measurement of a layout feature. At the bottom left, the superimposition plot is
shown where all the measurements are superimposed to see the overall structure of hundreds of
manuscript pages at a single glimpse. At the bottom right, the manuscript montage plot is shown
where measurements are drawn on the respective manuscript page.
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Figure 7: Radial tree with all 450 manuscripts in chronological order clockwise, starting with the 8%

Multiple entries for manuscripts with more than one dating.

century.

which is an attempt by the computer scientists to enable the (humanities) scholars
to retrieve the information they want, make sense of that information, determine
correlations in the data and reach decisions in a short period of time. For the prototype
of CodiVis we have a radial tree (see fig. 7) providing an overview of bibliographical
data, in this case the “century variable” of the manuscript according to the St. Mat-
thias catalogues. The radial tree is a node-link tree with transformations in polar
coordinates and was chosen over a simple chronological listing because it has a better
usage of space if only few hierarchy levels and bottom nodes exist. To distinguish
the different parameters and single manuscripts, different colours are used varying in
brightness.

The layout features extracted by the SWATI workflow and other bibliographical
metadata are represented using parallel coordinates (see fig. 8), a way of visualising
high dimensional data and analysing multivariate data. The sample features of our
prototype are number of columns, page height, page width, text hight and text width
(mean value in cm), and text area (in cm®). The layout features are mapped onto
a vertical axis and each data value from the CSV file is represented along a line.
It is scaled to lie between minimum and maximum at the top (see fig. 8). A pure
collection of points would not be useful, so the points belonging to the same record
are connected with lines. The colour assignment is similar to the radial tree. The
arrangement of the vertical axis can be adjusted according to the correlations the
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Figure 8: The image shows the parallel coordinate view with nine parameters showing manuscripts dating
to the 11" century.

user wants to visualise. A table view where each row and column of the CSV file is
represented completes the CodiVis framework. It is linked to both radial tree and
parallel coordinate view. By brushing and linking, the static view becomes dynamic
and interactive: two brushes are provided for analysing the mediaeval manuscript
data. With the polar brush, users can select different nodes in the polar coordinates of
the radial tree, the selected data are automatically reflected in the parallel coordinates
and in the table view. With the vertical axis brush, users can brush any of the vertical
axes of the parallel coordinates view. The selection in felected respectively in all three
views.

Multi-dimensional visualisation techniques not only provide the humanities scholar
more “beautiful data”, they can also help to explore single manuscripts and corpora.
To prove the theories of notable rectangles, one just has to take a look at the vertical
axes of the parallel coordinate view. Scholars accessing visualisations can easily
choose a group of pages or manuscripts or even the whole library from the radial
tree or CodiStore (see Chandna et al. 2016) database to generate a visualisation of the
proportions of page and text. Two or more different layouts within one codicological
unit can help to distinguish different parts of a composite manuscript. Outliers and
pecularities within a group of manuscripts can be detected more easily.

Unfortunately, at the preliminary endpoint of the project we have not yet been
able to experiment with our results and perform sufficient analyses to contribute
results in quantitative layout studies. Processing big data such as our five terabyte of
manuscript images is a complicated and time consuming task. Same applies to the
selection of the right visualisation forms to facilitate access to data and to fulfil the
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needs of different groups of researchers. The presented forms of visualisation are
purely exploratory and have not been conclusively evaluated yet. Notwithstanding,
we hope this refelction on the experiment eCodicology can show the potential of
SWATI and CodiVis and we are looking forward to be able to give access to our
developments, present further analyses, and discuss about the approaches of the
project.?’
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Image and Text in Numbers: Layout Analysis for
Hispanic and Spanish Modern Magazines

Nanette Rif}ler-Pipka
Abstract

Hispanic and Spanish modern magazines were long time a neglected field of research.
Even if the magazines are regarded as a valuable source for information about contem-
porary cultural, social and political life for various disciplines like cultural, literary,
media or social studies or linguistics. But stored in libraries as sensitive material and
threated soon by decay most of the magazines were not accessible for researchers.
Since digitization this has changed. The project Revistas culturales 2.0 (University of
Augsburg) tries to work on the digital collection of the IAI (Ibero-American Institute,
Preuflischer Kulturbesitz, Berlin) by annotating the magazine pages and analysing
the metadata using digital tools. But as we are experienced in cultural, media and
romance studies, the complex field of automatic document analysis stayed hidden for
us, without the cooperation with experts in computer science (where in context of
digitizing projects and OCR important research is already achieved).! Also, in the DH
this field is not as advanced as for example text mining, therefore it proved difficult
to find tools for quantitative analysis (for example relation of textual and image
parts in the magazines). In cooperation with the project eCodicology and reusing
their tool SWATI we found now a way how layout analysis for Hispanic and Spanish
modern magazines might be done in future by measuring each page automatically.
In consequence the paper can only present a concept of how useful the tool and
quantitative analysis of the layout might be for analysing the Hispanic and Spanish
modern magazines from the perspective of Humanities.

Zusammenfassung

Lateinamerikanische und spanische Kulturzeitschriften der Moderne konnten lan-
ge nicht fur Forschungszwecke im Original herangezogen werden. Dabei sind sie
als wertvolle Quellen als Zeitzeugen des kulturellen, sozialen und politischen Le-
bens anerkannt und kénnten in verschiedenen Disziplinen wie Kultur-, Literatur-,
Medien- oder Sozialwissenschaften sowie in der Linguistik genutzt werden. Jedoch
waren sie als empfindliches und leicht vergéngliches Material in den Bibliotheken
unter Verschluss und auch aufgrund geographischer Entfernung fiir viele Forscher

1" See also the Pattern Recognition & Image Analysis Research Lab of the University of Salford Manchester

(PrimA).

Kodikologie und Paldographie im Digitalen Zeitalter 4 — Codicology and Palaeography in the Digital Age 4. Hrsg. Hannah
Busch, Franz Fischer und Patrick Sahle, unter Mitarbeit von Bernhard Assmann, Philipp Hegel und Celia Krause. Schriften
des Instituts fiir Dokumentologie und Editorik 11. Norderstedt: Books on Demand, 2017. 25-42.
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unerreichbar. Seit der Digitalisierung hat sich dies gedndert. Das Projekt Revistas
culturales 2.0 (Universitat Augsburg) versucht nun mit der digitalen Sammlung des
IAI (Ibero-Amerikanisches Institut, Preuflischer Kulturbesitz, Berlin) zu arbeiten.
Dazu werden Metadaten angereichert und vorhandene Metadaten mithilfe digita-
ler Tools analysiert. Als Geisteswissenschaftler musste uns bisher das Gebiet der
automatischen Bildanalyse verschlossen bleiben, da dies vor allem auf technischer
Seite in der Informatik (im Kontext von Digitalisierung und OCR) weiterentwickelt
wurde.” Auch in den DH ist dieses Gebiet weit weniger bearbeitet worden als z.B.
Text Mining und es erwies sich als schwierig, Tools fiir quantitative Analysen (um
z.B. die Bild-Text-Relation in den Zeitschriften zu beziffern) zu finden. Nun konnten
wir in Kooperation mit dem Projekt eCodicology und durch Nachnutzung ihres Tools
SWATI ausprobieren, wie das Layout der lateinamerikanischen und spanischen Kul-
turzeitschriften der Moderne durch automatisches Vermessen jeder einzelnen Seite
in Zukunft analysiert werden konnte. Der vorliegende Beitrag entwickelt aus einem
ersten Experiment mit einer kleinen Anzahl von Zeitschriftenseiten ein theoretisches
Konzept, um den Nutzen von quantitativen Methoden und im konkreten Fall vom
angewendeten Tool aus Sicht der Geisteswissenschaften abzuschitzen.

1 Modern magazines as complex work of art

When libraries all over the world began to scan their treasures of thousands of pages
of magazines, produced in the second half of 19" century until the second half of
20" century, many researchers (particularly in the Anglo-Saxon world) realized the
potential that lies in the gained data. For the period of Modernity, the impact of
cultural magazines on literary, artistic and social life is commonly known. The fast
changing society required a medium that represented this acceleration in weekly
or monthly issues. As well as the increasing linkage between fine arts, literature,
photography, architecture, fashion, life-style, etc. was looking for a medium that
incorporates the cultural change altogether. Furthermore, technical progress in
printing industries and aesthetic ideas coming from the rising avant-garde culture
produced an amazing number of new and partly ephemeral cultural magazines all over
the western civilization (including Latin America). But to consider cultural magazines
as an independent and complex work of art, which deserves to be analysed as a whole
(i.e. each title of a magazine and the relation between magazines), has not been
standard in literary, cultural, media or social studies for many years. Traditionally
cultural magazines were used like a library of rare texts from known authors or as

2 Ibid.
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information reservoir for contemporary witness. The function of magazines was
rather the one of an archive than of an original work of art worth to be looked at as a
whole (Ehrlicher and Herzgsell 2016; Podewski 2016).

Now the digitization of numerous magazines initiated a change in their perception
as complex cultural artefacts (Louis 2014; Pita Gonzalez 2014; Maiz 2011; Stead and
Védrine 2008). Equally the various changes in human perception in general which
we can observe in Modernity are causally linked to the perception of magazines.
People read the magazines in a public space and browse through them. They read
them in fragments, are attracted by a picture or a headline and then interrupt their
reading because of other distraction. For the cultural area of Latin America Raquel
Macciuci draws the comparison between reading a magazine (or paper) and browsing
the internet (Macciuci 2015, 219). Though, we have to take into consideration that con-
temporary readers and researchers reading and analysing the magazines today have a
totally different kind of perception (Louis 2014, 33). In contrast to the contemporary
reader we are able to have a look on all the issues of each magazine at once. This
overview enables us to observe changes, particularly in the layout, but also regarding
the staff and content of the magazine (the latter would be called metadata in the
digital era). But to get an overview in a visual sense, we have to find a representation
that allows us to look at many issues at once and to still recognize differences and
changes in layout.

Before digitization, particularly in the Spanish speaking countries, most of the
magazines were not accessible for researchers as they were stored in libraries in Latin
America, Spain and elsewhere. Still, no researcher is able to read the massive number
of pages produced in Spanish speaking magazines published in the period around
1850-1945. The research project Revistas culturales 2.0 lists 585 titles of magazines, of
which 224 titles are digitized, every title consists of 1-300 volumes with ca. 20-200
pages each. Directly accessible and annotatable via the website of our research project
Revistas culturales 2.0 are 23 titles of magazines, provided by our cooperation partner:
Ibero-American Institute (IAI, Preuflischer Kulturbesitz, Berlin). The small number of
23 titles still contains 477 single issues and about 23,000 pages. To read and analyse
all of them is certainly possible, but time consuming and not very productive when
the research question would be a comparison of layout, aesthetical and conceptual
changes within and between the magazines.

For the image driven period of “modernism” the aesthetics are defined easily by
layout: graphical elements, ornamental framings, printing types, etc. Therefore, the
digital representation of the whole view of a magazine is important for projects like
the Modernist Journals Project (MJP) or the Modernist Magazines Project (MMP) or
the Blue Mountain Project (BMP). Nevertheless, none of these projects are able to do
quantitative layout analysis for their document repositories.
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2 How to analyse the layout of modern magazines using
digital tools?

Like most of these Anglo-Saxon projects also the repository of the Revistas culturales
2.0-project consists of images, i.e. jpg-files. OCR is very complicated for the text
written in columns and the mixture of text and image in the magazines. The Blue
Mountain Project is the only one providing also the text of their rather small collection,
but depending on the quality of the original, the OCR results might be poor.® For the
few Spanish and Hispanic repositories of cultural magazines or periodicals providing
also text gained by OCR, the plain text is not accessible and results for searching in
the texts show poor OCR quality (Rif}ler-Pipka 2014, 60).

Aslayout and whole visual appearance of the modern magazines are very important,
it is meaningful to analyse the layout of the magazines in their historic context —
and not only to read the content. In the layout of the document the text is still
quantitatively represented. The position and quantity of text is as important as the
one of illustration, photograph, painting and other visual elements in the magazines.
The problem is rather that digital research for document or image data is not in the
same way advanced as text analysis (i.e. text mining, etc.). For users not experienced
in computer science, it seems difficult to find a tool that is accessible and explained in
a way other disciplines (like DH) except computer science are able to work with. In
DH very celebrated, but also critically discussed tool ImagePlot by Lev Manovich and
the Software Studies Initiative has certainly more potential than just plotting images
into one, but it actually structures a great number of images on the basis of mostly two
different features (represented in x- and y-axes). To be able to use the tool you need
already measured and saved data behind the chosen features, for example average
image saturation and average image brightness for each image in your collection (as
in the Van Gogh example Manovich gives: 2015, 25-26). Manovich tested the tool
also with the title pages of the Times by comparing the saturation of colour covers
and brightness of black and white covers (Manovich and Douglas 2009). But for more
complex data like the title pages of Hispanic modern magazines it comes already to its
limits. Which kind of feature should be extracted to compare the magazines (or even
only the title pages)? Brightness or colour saturation is not very useful here. When
Manovich formulates questions for a collection of more than 10 million images like:
“what are the subjects of these images” (Manovich 2015, 25), he is not going to answer
them by using ImagePlot. For answering the question or even try to answer it, he
uses primarily metadata (in the case of On Broadway he is not answering the question

3 See the commentary in the Blue Mountain Archive (BMP): “Issues with poor quality paper, small print,

mixed fonts, multiple column layouts, or damaged pages may have poor OCR accuracy. The searchable
text and titles in this collection have been automatically generated using OCR software. They have not
been manually reviewed or corrected.”
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Figure 1: Title pages of 18 magazines (1898-1931) with 245 issues from Latin America (IAI Collection)

by computing at all, but already the metadata provided by the source of the image
(Instagram and social media statistics, Taxi statistics, Google Street View, etc.) gives
information about the subjects of the images). In the context of document analysis
as a field of computer science this approach is not even mentioned (Doermann and
Tombre 2014).

Nevertheless, trying to look at the corpus in a bird’s eye view (fig. 1), we can ask:
What do we actually see, when looking at the miniatures of title pages? We are able
to detect colour vs. black/white printing and we roughly detect images or bigger
headlines vs. mostly text. If we would add more title pages in one image, we would
see no details at all. In this case you need feature extraction and some computing
before plotting them together. The difficulty still is, which are the features worth to
extract and to compare? When Manovich claims that, “Computer can identify regions
that have similar colour value and measure orientations of lines and properties of
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texture in many parts of an image” (Manovich 2015, 22), he is not able to explain how
it works. Lately Waltraud von Pippich proved the difficulties analysing paintings
by using the computer. She points out that Manovich’s analysis depends on pixel
resolution and hardware. Plus, the comparison of mean values cannot represent
the features of an image: “Zur Extraktion farbformaler Bildeigenschaften ist diese
Methode der Medienkunst ungeeignet” (Pippich 2016).

For humanists the challenge is to see the image from a computer’s perspective,
that means without any semantics. For the computer text or image is just a different
distribution of colour, brightness and other features. To find out, what could be
the interesting features to be automatically extracted, we tried first a traditional
interpretation of layout, keeping in mind the perspective of the computer.

2.1 Stepping back: Examples for traditional layout analysis

By zooming in the title pages (fig. 2) we could see changes in the development of some
magazines, while others stuck to their layout for the whole period of their lifetime.

The Peruvian magazine Amauta has one of the most colourful and interesting
layout in the collection (plus it is commonly regarded as one of the most important
avant-garde magazine in Latin America). Initially repeating the typified Inca-head
on the cover and then experimenting with various ideas of recognizable images and
symbols until the last number in 1931 repeats again the initial Inca-head (appearance
of the head 7 times over the years, for 31 issues in all). Other recurring elements are
the rising sun (no. 10 and 30), the sowing Farmer-Inca (3 times: no. 12-14), the stairs
(no. 19, 23, 28), the mixture of writing and mask in two different versions (no. 20 + 27
and 26 + 29) and finally the writing in combination with the initial Inca-head (no. 22,
25).

But working only with title pages can be heavily misleading. In the case of Amauta
the fascinating aesthetics represented by the changing cover truly reflects the status
of an avant-garde-magazine, but the inside of the magazine is not at all colourful or
adventurous regarding the layout (fig. 2).

Typeface, paragraphs and the position of the images are not at all revolutionist
or courageous, but rather traditional. The segmentation of the pages in text, image,
headlines, paragraphs, even the decorative capital letter at the beginning of each
article, poem, etc. can be described as conventional layout. Only the recurring
ornaments or hieroglyphics of the Inca-culture are slightly unusual. Nevertheless, in
the combination of the intriguing and consistent indigene aesthetics and the traditional
layout it is recognized as a celebrated avant-garde magazine for Latin America. The
obvious emphasis on the indigene roots of Peru fits to the fascination for indigene
cultures in general in the international avant-garde movements. The editor Mariategui
brings his impressions of recent journeys to Europe into the concept of the magazine:
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Figure 2: The title pages of Amauta (1926-1931)

“Yo vine de Europa con el propésito de fundar una revista” (Mariategui 1926, 1).* He
tries to combine avant-garde-ideas and socialism as well as pro-Indio and European
ideas. Taking into consideration the rich background information about Mariategui
and his engagement in magazines (Beigel 2006; Manzoni 2004; Melgar Bao 2006),
which can also be called metadata in the DH-sense, we have to evaluate the layout of
Amauta in a different way.

The courage in layout and aesthetics of Amauta only shows when comparing it to
other magazines of the same period, place and cultural context. The evaluation of the
composition of image and text in the magazine should consider the contemporary
standard.

4 Translation: “Coming back from Europe, I had the idea of funding a magazine”.
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Figure 3: The first issue of Amauta (No. 1, 1926)

The rather conservative and elitist magazine La Nueva Revista Peruana shows in
contrast to Amauta no images at all (fig. 4). This layout can be called book-look-alike
and has certainly no interest to attract the reader’s attention by visual aspects. Even
if the editorial speaks of “una visién sin compromisos”, this sentence is continued
by looking back to the old values: “aunque transfigurada por el fuego de un antiguo
fervor” (Editorial, Nueva Revista Peruana 1929, No. 1, p. 2).5

Even earlier, but representing another subgenre of cultural magazines, the llustra-
cién Peruana (1911-1912) is rather made to be browsed through and for distraction
than for reading intellectual and cultural debates (fig. 5).

Yet here the layout can be misleading, because the distraction and rather decorative
presentation of photographs, illustration and less text does not fit to the philosophical
character of the first article “Nuestros Problemas — Valor y Trabajo” by Don Alejandro
O. Escarza. Still conservative, the author requests some thinking from his reader
by discussing on three long pages the problem of education in Peru. In contrast to
Mariategui and his magazine Amauta, Escarza represents the conservative elite of
Peru who are not willing to ‘waste’ money for the education of Indios.

Translation: “a vision no-holds-barred ... but expressed with the fire of former intensity”.
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Figure 4: La Nueva Revista Peruana (1929, No. 1)

These three Peruvian magazines show very clearly that neither the layout nor
the metadata or textual content alone can be sufficient for an analysis. Plus, the
variety concerning layout and concept of cultural magazines in such a short period of
1912-1929 in Peru is obviously quite large.

2.2 The other way — or why do we need digital tools?

What have we learned trying to analyse the three Peruvian examples of modern
cultural magazines? We looked at 3 titles of magazines, part of 3 issues and at 72
pages and can say without looking at the rest of the pages of the three titles that each
of them has a recognizable and individual layout. You could probably allocate correctly
every single page of the magazines to the right title without reading a sentence of
them. Though, allocating them does not mean knowing anything about them, apart
from knowing that they belong together and that they are part of a magazine.

That means layout can be one criteria to distinguish different titles of magazines in
different cultural contexts and different subgenres. But layout does not necessarily
correspond to other semantics and can easily be misleading. To draw the deduction
that more illustrations means necessarily a more popular magazine can be as false as
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Figure 5: Ilustraciéon Peruana (No. 152, 1912)

the deduction that a traditional layout only fits to a traditional magazine. Still, the
whole visual appearance of a magazine is certainly part of its aesthetics and concept
(in a cultural, social, political, artistic sense). If the content and other elements really
fit to the visual signals is another question.

The variety in layout and other visual elements of modern magazines is rather
numerous as we have seen in the three examples above. For an analysis of layout in a
quantitative way the possibility to deduct general hypothesis on the basis of some
exemplary analysis seems to be difficult and speculative. ‘Counting’ the layout as an
interplay of text and image in numbers promises a more reliable method. The chance
to analyse all of the ca. 23,000 pages in the IA-collection — and even more, if other
repositories are used - is worth the effort of learning to handle digital tools and to ask
the right questions to know which features of the document should be extracted and
how to analyse the results. The example of Lev Manovich shows how difficult it is to
find the right tool and that computer science is needed to understand the functionality
and perspective of automatic document analysis. Therefore, we were happy to find in
the cooperation with the project eCodicology not only the fitting tool, but also the
explication of it (Chandna et al. 2016; Chandna et al. 2015). Even if the handling of
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Figure 6: User interface for annotation, gathering metadata, example, Amauta (No. 3, 1926)

the tool had to be left to the experts (KIT, Karlsruhe Technology Institute) and we
can only interpret the results, but not the technical function in detail. In this point
further cooperation is needed.

Nevertheless, the manual or traditional layout analysis of the three Peruvian ex-
amples also showed, that we need more metadata to draw conclusions which are
reliable and based on more information than just the visual one. On the project
website of Revistas culturales 2.0 we implemented the possibility to annotate each
page of the collection (fig. 6).

While gathering metadata on the basis of crowd-sourcing the problem is that
not enough people are willing to do the annotating of Hispanic modern magazines,
because the community is not yet used to work with digital corpora. However, the
metadata we already get by the IAI (title, year, contributors, place, country) and the
one gathered manually by project collaborators help to do geographic overviews (see
fig. 7) or network visualizations (Ehrlicher and Herzgsell 2016).
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Figure 7: The bibliography of Hispanic and Spanish modern magazines in Revistas culturales 2.0 visualized
by DARIAH Geo-Browser

This example also shows why digital tools may help to analyse modern magazines
in their cultural context. The distribution of magazines (as visible in the timeline,
most of them appeared 1900-1940, with a peak in the 20s) and the spreading all over
the Spanish-speaking world is amazing. The metadata is structured and ready for
interactive use (for example to see all titles published in a chosen place or at a chosen
time). Still, structured metadata alone does not help to know anything about the
visual appearance of each magazine.
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3 The experiment: Trying a tool for medieval manuscript
analysis

The reuse of existing tools in a completely different context is rare, because every
project designed their tool for exactly the data and research questions they may have.
But we tried, if a tool designed for the feature extraction in medieval manuscripts can
be adopted for measuring also pages of cultural magazines. From the computer science
point of view this is a complex and difficult process, which is not transparent for
me as a researcher in humanities. Nevertheless, knowing that it is possible enlarges
the possibilities for cultural analysis. Together we think about the question: which
features should be extracted? But as we already knew the features that ‘can’ be
extracted by using the tool SWATI, we now have an idea of how it works:

“Layout features of the medieval manuscripts extracted by SWATI: Number of
Pages, Mean Colour Value, Page Width, Page Height, Upper Left Corner Coordinates
of Page, Relative Measurements of the Page, Text Width, Text Height, Text Areas,
Upper Left Corner Coordinates of Text, Relative Measurements of the Text, Pictorial
Width, Pictorial Height, Number of Pictorial Areas, Upper Left Corner Coordinates of
Pictures, Relative Measurements of the Pictures” (Chandna et al. 2016, 3).

The principle differentiation we are interested in, is the one between text and image.
In general, we know how important this difference is for analysing magazines — even
if the quantitative distribution of image and text can be misleading as we have seen
in the example of Ilustracion Peruana (see fig. 5). By the named features SWATT is
extracting we would also know how many text- and picture-areas we have on each
page and additionally which dimensions they have and which position in the page.
Certainly there are more complex questions to be asked regarding modern magazines
like the graphic elements, ornaments and printing types, but for the beginning the
tool would do more than expected.

So, we transferred some examples of magazine pages provided by the IAI and the
metadata for the scanning process (colour checker, etc.) to the KIT, where Swati
Chandna tried if the tool is working with this different kind of document. Thanks to
her (and the whole eCodicology team) we got the measurements for image and text
separately for six example pages of the magazine El Hogar (Dec. 1919). The results
are visible in “Image” and “Numbers” (fig. 8-10).

Comparing the image and text segmentation in the examples we see how the tool
is working. Particularly for Humanists the direct comparison between original and
image/text segmentation is very useful to understand the technical and mathemat-
ical process behind. Even the quite complicated mixture of image and text in the
advertisements is correctly recognized, if you regard the graphical elements in the
headlines of the advertisements as image. Indeed, they function as both: image and
text, because they should attract the reader’s attention by visual appearance and give
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Figure 9: Original page — image segmentation — text segmentation

additionally textual information. The only problem, that might be resulting out of
the measurement is the recognition of textual and pictorial units. For example, the
advertisement in figure 9 is divided in a pictorial part and a textual part. In the tables
of measurements, you won’t know if these parts belong together or not — apart from
using the extracted data for the position on the page and drawing the conclusion that
textual and pictorial part belong together if they are positioned that near.

We hoped the results in numbers would be something like: For the title xy we
count xxx images and xxx texts, so that we could compare these numbers with other
results for other magazines, periods, places, editors, etc. But we had to learn, that
measuring pages automatically is far more complicated. For both sides, the technical
one and the humanist one, it is important to see by experimenting which limitation
there are and to work together on further research to widen the possibilities.
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A B C D E F G H | J K L M N
2 6 page 1 885.241 255 255 255 0.517 0.475 26.314 33.873 38.046 29.625 89.963
3 6 picture 2 1.303 255 255 255 0 0 5.610 1.025 3.915 0.424 3.447
4 6 picture 3  83.635 255 255 255 3.356 17.280 19.831 11.763 16.629 6.404  22.026
5 6 picture 4 2.960 255 255 255 0.559 24924 1.017 9.297 8.229 0.458 91.779
6 6 picture 5 3.200 255 255 255 2.975 29.254  2.551 2.254 2.268 1797 12.263
7 6 picture 6  23.637 255 255 255 14.356 29.720 9.975 3.144 10.708 2.811 2.057
8 6 text 7 1.247 255 255 255 13.288 1915 3.356 0.678 3.333 0.477 2.339
&) 6 text 8 83.474 255 255 255 10.110 2.000 6.831 15.068 15.513 6.851 90.172
10 6 text 9 1.039 255 255 255 7.347 2.085 2.297 0.763 2.037 0.649 178.675
11 6 text 10 81.214 255 255 255 17.364 2.085 7.093 14.983 15.310 6.754 88771
12 6 text 11 79.294 255 255 255 2.593 2.847 7.051 14.093 14.523 6.952 88.767
13 6 text 12 2.814 255 255 255 10.576 23.441 5.856 1.017 4.793 0.747 3.170
14 6 text 13 1.840 255 255 255 10.958 26.881 4.542 0.890 4.009 0.584 179.296
15 6 text 14 3.766 255 255 255 10.534 27941 4.966 1.186  4.947 0.969 179.561

Figure 10: Table of measurements for textual and image parts, for one page - only biggest values considered
(El Hogar, Dec. 1919)

For now, the measurements give us many numbers and even more images (see fig.
8-9, plus the page segmentation not illustrated here). That means on the one hand
we reduced the complexity of each page, by focusing on pictorial and textual feature
extraction, but on the other hand we produced much more complexity by all the data
(in numbers and images) we gathered. All in all, the metadata gathered automatically
is a result that cannot be valued highly enough. It is reliable because it is exactly the
same process for each page, but should be observed and interpreted together with the
people who programmed the tool.

What we tried here for some example pages should be easily done for all of the
23,000 pages of the IAI collection, but what we need now is a reduction of complexity
for the gained data to be able to analyse it. That means we have to learn how to read
and interpret the figures in the table (fig. 10). A first step to work with the given
tables of measurement could be, to take only the biggest values for text and image,
because all the tiny parts probably belong to one of the bigger ones. But as Swati
Chandna points out, this won’t work as a rule and it is necessary to observe the data
first very carefully before defining the filtering rules.

Still, we don’t know really how many entire images and texts are on the page. So,
the next step would be to do statistical analysis and visualization of the metadata.
As described for the visualization tool CodiVis in the eCodicology project this might
be also possible for the modern magazines (Chandna et al. 2016, 3-5). Another
perspective is, that the few examples show already that the distribution of textual
and image parts on each page might give information of the kind of image or text, we
look at (without really need to look at each page). The advertisements in El Hogar in
all examples combine few textual parts (not forming an associated block) with image
parts (also not forming the quadrat in which real illustration are usually represented).
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Based on this observation we can try to build a model for recognizing advertisement
semi-automatically. It might also happen, that advertisement for other titles than
El Hogar use different forms of representation which can be described as different
mathematic models to refine the tool with. Another challenge will be to recognize
automatically the correlation between textual parts and image forming one ensemble.
For example, in figure 8 we see that the image and the text below belong together and
form one single advertisement, but in the automatic recognition of text and image
parts this ensemble is correctly recognized as separate parts. The same is true for the
example in figure 9.

The short experiment shows the different approaches in computer science (or at
least DH) and Humanities. The measurements do not necessarily fit to the research
question formulated in Humanities. That means more cooperation and exchange of
ideas is necessary. But, looking at the results from a humanist point of view the effect
is an estrangement (as Stephen Ramsay points out in Algorithmic Criticism). That
means, we can now explore and observe aspects which were hidden for us before. For
example, the fact that bold letters (in advertisements or other contexts) are recognized
as image parts is meaningful also in aesthetics, because the function of these letters
is at the same time a pictorial and writing one. The obvious failure of recognition
becomes a double insight when observed in the humanist context.

4 Combined methods and knowledge

For a conclusion of the starting experiment, we can state that neither the traditional
method of layout and magazine analysis can provide satisfying results for the whole
corpus, nor the quantitative method only tested for now with some example pages
can do the analysis of the magazines in their cultural context.

But a combination of the two methods could be a step towards an analysis of
(Hispanic and Spanish) modern magazines considered as a complex interplay of text,
image, content, political, social and cultural context. Problems to be solved in the
future are:

1. Try the tool SWATT for the rest of the corpus, then try CodiVis and other statistics
on the gained data.

2. Integrate the metadata of the magazines already gathered by annotating and
the bibliography into the visualization for having more relation between the
raw measurement and the context of each magazine. Therefore, we would be
able to answer the difficult questions of an historic process: How much changed
the appearance of cultural modern magazines from 1850-1945? What are the
parameters of change?
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3. Try a quantitative analysis and comparing this to the results gained already in
secondary literature on Spanish and Hispanic modern magazines and in own
exemplary analysis.
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Bibliotheken im Buch: Die Erschlieflung von
privaten Biichersammlungen der Frithneuzeit iiber
Auktionskataloge’

Hartmut Beyer, Jorn Miinkner, Katrin Schmidt, Timo Steyer

Zusammenfassung

Der Beitrag demonstriert anhand eines Auktionskatalogs von 1670 unser Vorgehen,
frihneuzeitliche Gelehrtenbibliotheken bibliographisch nachhaltig zu erschlieflen. In
einem ersten Schritt beschreiben wir die Erfassung der im Katalog verzeichneten Titel.
Das Instrument fiir diesen Arbeitsgang ist eine Excel-Tabelle, die bibliographische Er-
mittlung erfolgt mit Hilfe nationaler und internationaler Online-Kataloge. Im zweiten
Schritt geht es um die Entwicklung der digitalen Infrastruktur fiir die Onlineprésen-
tation der Daten. Hierzu wurde ein frei nachnutzbares Programm entwickelt, das
fiir die Rekonstruktion frithneuzeitlicher Privatbibliotheken optimiert ist. Vorgestellt
werden die verschiedenen textlichen und graphischen Visualisierungsformen sowie
die weitergehenden Einsatzmoglichkeiten als Darstellungs- und Normierungstool fiir
bibliographische Daten. Im dritten Schritt skizzieren wir den absolvierten Workflow
und zeigen, wie traditionelle Methoden der Altbestandserschliefung mit Verfahren
der Digital Humanities kombiniert werden kénnen. Dabei riickt auch die digitale
Edition eines Briefwechsels in den Blick, der den Auktionskatalog als Sekundarquelle
flankiert.

Abstract

Focusing on the 1670 auction catalogue of the books owned by a German expatriate
living in the Netherlands, our article demonstrates a modus operandi for collecting
bibliographical data and reconstructing private libraries from the early modern period.
To begin with, we describe a method for the retrieval of title lots from the catalogue.
The exact bibliographical data is supplemented by information from various national
and international online-catalogues and databases. In a second step, we discuss
the digital infrastructure for presenting the data on the web. For this purpose a
multifunctional software for the reconstruction of early modern private libraries
has been developed. Thirdly, we delineate the workflow and show how traditional

Der Artikel ist im Rahmen des vom Bundesministerium fir Bildung und Forschung (BMBF) geférderten
Projekts Autorenbibliotheken im Forschungsverbund Marbach Weimar Wolfenbiittel MWW entstanden.
Die vier Beitragenden geben entsprechend ihrer Zustindigkeit im Projekt Auskunft.

Kodikologie und Paliographie im Digitalen Zeitalter 4 — Codicology and Palaeography in the Digital Age 4. Hrsg. Hannah
Busch, Franz Fischer und Patrick Sahle, unter Mitarbeit von Bernhard Assmann, Philipp Hegel und Celia Krause. Schriften
des Instituts fiir Dokumentologie und Editorik 11. Norderstedt: Books on Demand, 2017. 43-70.
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methods of developing and providing access to library inventories can be combined
with DH methods. Pertaining to this latter point, the article also discusses the digital
edition of a correspondence between the expatriate and Duke August of Brunswick
complementing the auction catalogue.

1 Private Bibliotheken und Auktionskataloge

Die mittelalterliche Miindlichkeits- und Manuskriptkultur verdnderte sich mit der
Etablierung der Druckerpresse im frithneuzeitlichen Europa immens. Gutenbergs
>Schonschreibhandwerk«< mit beweglichen und wiederverwendbaren Lettern trieb
die Ablosung der Kommunikation vom Korper voran, dehnte begrenzte Kommuni-
kationsrdume aus, inaugurierte eine neue Form von Offentlichkeit und definierte
Standardsprachen, aus denen sich die National- und Fachsprachen entwickelten (Coy
1994, 70). Produzierten die mittelalterlichen Schreibstuben Unikate oder wenige hand-
schriftliche Kopien, die auch einzelne private Biichersammlungen bestiickten, so
sorgte der maschinelle Typendruck im Verbund mit den graphischen Reproduktions-
techniken fiir hohe Ausstof3raten, eine potenzierte Distribution und Verfiigbarkeit
von Text-Bild-Kombinationen im 6ffentlichen und privaten Bereich. Mit der Akku-
mulation und Proliferation von Titeln zirkulierten Lektiiren und Informationen, die
debattiert, bestatigt und verworfen wurden. Wissen wurde zunehmend 6ffentlich-
keitswirksam verhandelt und neu generiert. Dieser Wandlungsprozess, nunmehr im
Zeitalter elektronischer Datenverarbeitung, dauert an. Die vor 40 Jahren einsetzen-
de computertechnische Prozessierung der ehemals distinkten Medienformate Bild,
Schrift, Zahl und mittlerweile auch Ton bedeutet eine nachste Zasur in der Medi-
enentwicklung und Zeichengeschichte. Freilich sind die alten Medienformate und
Konstellationen damit nicht auf einmal obsolet, sondern es koexistieren wie in jeder
Umbruchsituation die alten und neuen Medien. Zutreffend scheint jedenfalls, dass
»die Gutenbergsche Galaxis der statischen Druckmedien [...] in der Turingschen
Galaxis der dynamischen programmierbaren Medien auf[geht]« (Coy 1994, 71).

In der Frithneuzeit, die den Horizont fiir die folgenden bibliotheksinvestigati-
ven und digitalisierungspragmatischen Ausfithrungen stellt, also grosso modo zwi-
schen dem 16. und 18. Jahrhundert, bekamen Privatpersonen erweiterte Moglich-
keiten, eigene Bibliotheken aufzubauen. Diese erzéhlen immer mehr als die Bii-
cher, die sie enthalten, zum Beispiel in welchen gelehrten Austauschbeziehungen
Bibliotheksbesitzer standen, welche Lektiirevorlieben gepflegt wurden, und ande-
res mehr. Nach dem Ableben der Besitzer wurden die Sammlungen indessen oft
verduflert und unwiederbringlich auseinandergerissen. Erhalten haben sich zahl-
reiche Bestandsverzeichnisse, darunter viele Auktionskataloge, die Biichersamm-
lungen fiir eine potentielle Kauferschaft und sonstige Empfanger repréasentieren,
indem sie Titellisten présentieren. Historische Verkaufskataloge, und von ihnen
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sprechen wir hier ausschlief3lich, gleichen Fernrohren, die Buchbestédnde vor das
Auge ziehen, deren physische Existenz zum Teil weit zuriickliegt. Die Kataloge las-
sen die Profile von einstigen Sammlungen erkennbar werden, sie sind die Quellen,
die begriindete Vermutungen iiber die Lese- und Forschungsinteressen, die Arbeits-
weisen, Leidenschaften und moglichen Netzwerke der ehemaligen Bibliotheksbe-
sitzer zulassen. Des Weiteren konnen dank der Kataloge Verkaufs- und Preisrouti-
nen fir das Objekt Buch rekonstruiert werden (Cruz 2009, 105ft.; Hakelberg 2015a,
216f.; Raabe 1984, 277-280; Pozzo 2013, 8f.; Adam 2015, 69-72). So gelten Verkaufs-
kataloge zurecht als eine »Hauptquelle des Buchbesitzes in der Frithen Neuzeit«
(Ball 2008, 193). Jedoch ist bei der Beurteilung des Materials quellenkritische Vor-
sicht geboten, denn die formalisierten Sachtexte registrieren Momentaufnahmen
von Bibliotheken; sie dokumentieren zwar den in einem bestimmten Augenblick
vorliegenden Aggregationszustand einer Biichersammlung, geben aber kaum Auf-
schluss tiber ihre dynamische Verdnderung. Daneben ist es nicht ausgeschlossen,
dass Auktionatoren die zu versteigernden Sammlungen manipulierten, indem sie
Titel entnahmen und Biicher fremder Provenienz hinzufiigten. Grundsitzlich ist
zu beriicksichtigen, dass eine durch den Auktionskatalog (quasi) erschliefSbare Bi-
bliothek »nicht einfach die inneren Denkvorgidnge nach aussen [sic]« projiziert,
sie also »kein ausgelagertes cerebrales Repositorium« per se darstellt (Wieland
2010, 28). Dieser Umstand relativiert den postulierten Bedeutungsgrad von priva-
ten Biichersammlungen als erstklassigen Auskunftsquellen von Gedankenwelten,
Ideenfindung, Weltbildern, Haltungen und Arbeitsstrukturen historischer Besitzer,
Leser und Nutzer, zumindest wenn sie durch Auktionskataloge erschlossen wer-
den.

Die Herzog August Bibliothek Wolfenbiittel (HAB) bewahrt mehr als 1700 gedruck-
te Buchauktionskataloge, deren Erscheinungszeitraum vom letzten Viertel des 16.
Jahrhunderts bis in die Gegenwart reicht, darunter zahlreiche Unika. Ein statistischer
Durchlauf registriert fiir das 16. Jahrhundert zwei Exemplare, fiir das 17. Jahrhun-
dert 491, fiir das 18. Jahrhundert 543, fur das 19. Jahrhundert 619 und fiir das 20./21.
Jahrhundert immerhin 62 Stiicke. Diese Verteilung ist mit einer Unschirfe behaf-
tet, da sich in der HAB sicherlich unentdeckte Exemplare befinden. Ubergreifendes
Ziel der Auseinandersetzung mit dem Material ist das Kartieren dieser Katalogfiille
und das Anlegen eines begehbaren Pfades durch sie. Dazu werden ca. 30 Kataloge
eines reprasentativen Teilkorpus statistisch beschrieben, ihre Strukturdaten erhoben,
d.h. virtuelle Inhaltsverzeichnisse erstellt, zudem erfolgt die sachsystematische Er-
schliefung der Stiicke. Neben diesen Arbeitsschritt tritt die mikroperspektivische
Erforschung von einigen aussagekréftigen Einzelexemplaren und daran ankniipfend
die Rekonstruktion von Besitzer- und Gelehrtenbiographien, flankiert von der elek-
tronischen Edition komplementérer Quellen wie Briefkorrespondenzen. Ferner steht
die Diskussion wissenschaftsgeschichtlich relevanter Fragen auf dem Programm und
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schliefllich die Darstellung und Recherchierbarkeit der selektierten Einzelkataloge in
einer Datenbank.

Der Katalog, um den es hier geht und der als Paradigma fiir die Erschliefung friih-
neuzeitlicher privater Bibliotheken dient, listet den Buchbesitz des Chiliasten Benedikt
Bahnsen (Hakelberg 2015b). Der aus Norddeutschland stammende Bahnsen lebte im
17. Jahrhundert und emigrierte in die Niederlande nach Amsterdam; wahrscheinlich
musste er aus Glaubensgriinden seine Heimat verlassen. Sein Sterbedatum ist das
Jahr 1669. Die Anniherung an Bahnsen, der als Verleger, Buchhiandler und Biicher-
agent, Mathematiker und Rechenmeister tétig war und als Autor hervorgetreten ist,
gelingt tiber seine Biicherei. Diese ist physisch nicht mehr greifbar, dafiir existiert sie
als virtuelle Katalogaufstellung. Der gedruckte Auktionskatalog war bei den beiden
Buchhindlern Dirk und Hendrik Boom in Amsterdam erhaltlich; die Booms fun-
gierten auch als Versteigerer. Zusammengebunden mit dem Bestandsverzeichnis der
Gelehrtenbibliothek des Petrus Serrarius (1600-1669) kam er 1670 als Doppelkatalog
auf den Markt. Laut Katalogdeckblatt (Abb. 1) wurden beide Biichersammlungen
am 9. April 1670 beim Pferdestall auf dem Achterburgwall versteigert. Der Katalog
liegt unbeschnitten in originaler Heftung vor. Die beiden Katalogteile, denen das
gemeinsame Titelblatt vorgeheftet ist, sind zwar separat paginiert, ihre Lagen haben
sich aber aufgrund einer irrtiimlichen Heftung zum Teil ineinander verschoben.

Bahnsens Bibliothek umfasst insgesamt 2132 Lose, davon 2098 Nummern mit schét-
zungsweise 3000 Drucken und Handschriften, einschlielich mehrfach vorhandener
Titel. Der Katalog verzeichnet zuerst gebundene, dann ungebundene Biicher. Die
gebundenen Biicher sind - wie haufig in den zeitgendssischen Katalogen — in finf
Sachgruppen bzw. Abteilungen geordnet und innerhalb dieser nach Formaten unter-
teilt und nummeriert. Auf die Abteilung Theologie (I) folgen Alchemie und Medizin
(I1), Mathematik und Geschichte (III), Verschiedenes (IV) und Handschriften (V). Die
ungebundenen Biicher sind nicht nummeriert, sondern nach Autoren bzw. Sachtiteln
alphabetisch geordnet. Die restlichen 134 Lose sind in einer den Abschluss des Kata-
logs bildenden und mit >Alderley Land-Caerten« iiberschriebenen Sonderabteilung
gelistet. Sie verweisen auf 29 Land-, Himmelskarten, geometrische Grundrisse, eine
Himmelskugel und einen Erdglobus, mathematische Instrumente, 70 Pakete unbe-
stimmten Inhalts, weitere Varia sowie eine hohe Stiickzahl ungebundener Exemplare
von Werken, die Bahnsen verlegt hat und fiir den Vertrieb offenbar vorrétig hielt.

2 Bibliographische Erschlieffungsmethode

Als ErschlieBungsgrundlage dient neben dem Digitalisat des Auktionskataloges eine
Excel-Tabelle.! In die Tabelle werden samtliche Titel aus dem Katalog iibertragen.

1 Fiir die Arbeit mit ihr greifen wir auf eine Handreichung zuriick, die urspriinglich von Dietrich Hakelberg
im Rahmen des Projekts Frithneuzeitliche Gelehrtenbibliotheken konzipiert wurde und die Katrin Schmidt
und Jérn Minkner im Prozess der Titelerfassung angepasst haben.
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Diese vorlagegemafie ErschlieBung geschieht vorrangig auf Ebene der Ausgabe bzw.
auf Werkebene, weil eine Identifizierung der physisch zumeist nicht vorhandenen
Exemplare bislang nicht méglich ist. Der bibliographische Detailnachweis erfolgt tiber
die Recherche in Online-Katalogen. Wenn zu einem spateren Zeitpunkt Exemplare
aus dem Bestand Bahnsens identifiziert werden kénnen, sollen sie digitalisiert und
im Zuge der Uberfithrung aller in der Excel-Tabelle vorhandenen Daten in eine
Webprasentation ebenfalls dorthin verlinkt, abrufbar und recherchierbar gemacht
werden.

Um jeden Datensatz eindeutig zu identifizieren, d.h. um den Rickverweis sowohl
auf das Digitalisat als auch auf die Druckvorlage zu gewahrleisten, wird jeweils
zunichst die Image-Nummer erfasst (Abb. 2). Dabei handelt es sich um die Nummer
der digitalisierten Seite, die rechts unten auf jeder Seite des Digitalisats angegeben
ist. Es folgt die Angabe der Seite, die der Seite im gedruckten Katalog entspricht, auf
der der jeweilige Titel steht. Als drittes erfassen wir die Nummer, womit die laufende
Nummer des Titels im Auktionskatalog gemeint ist.

Unter der Rubrik Q = Qualitdt der Erfassung verstehen wir die Treffgenauigkeit der
Recherche, also das ermittelte bibliographische Level. Vier Auswahlméoglichkeiten
stehen hier zur Verfiigung. Der Buchstabe e steht fiir Exemplar und wiirde gew4hlt,
wenn wir tatsichlich das Exemplar ausfindig machen konnten, das sich im Besitz
von Benedikt Bahnsen befand. Das ist unwahrscheinlich und bislang nicht vorge-
kommen. Der Buchstabe a meint die Ausgabe, das heifit das Exemplar konnte zwar
nicht gefunden, dafiir aber die genaue Ausgabe identifiziert werden, zu der der Titel
gehort. w verweist auf Werk und wird verwendet, wenn die Ausgabe nicht eindeutig
identifizierbar ist und mehrere in Frage kommen. o wiederum steht fiir ohne Nachweis
und zeigt an, dass ein Nachweis des Titels auch nach umfassender Recherche nicht
gelungen ist. Generell gilt, dass immer der Nachweis beriicksichtigt wird, der das beste
bzw. vollstindige Katalogisat bietet. Im Fall der als Beispiel dienenden Losnummer 9
auf der ersten Seite des Katalogs, dem Titel Lutheri Kerckenpostilla. Witt. 1563, handelt
es sich eben um die Ausgabe der Lutherischen Postille, die wir nachweisen kénnen.

Die Anzahl der moglichen Autoren und sonstigen beteiligten Personen pro Loseintrag
haben wir auf vier beschrankt. Der Name des Autors bzw. der beteiligten Person wird
gemifl Ansetzungsform der GND (Gemeinsame Normdatei) wiedergegeben, so dass
Eintragungen unter verschiedenen Namenformen einer Person vermieden werden.
Die GND-Namenvariante wird zudem in einer Hintergrundtabelle hinterlegt, so dass
nur sie als normierte Form ausgewihlt werden kann. Generell befinden sich hinter
den meisten Rubriken in der Tabelle Hintergrundlisten, in denen die zu benutzenden
Namen, Orte etc. hinterlegt sind, um eine grof3tmégliche Vereinheitlichung der Daten
zu erreichen.

Die Titeldaten werden in dreifacher Form aufgenommen (Abb. 3). Zum ersten gibt
es die vorlagegemiafle Abschrift des Titels, so wie er im Auktionskatalog gedruckt
ist, zum zweiten den bibliographierten Titel, wobei der komplette Hauptsachtitel des
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33 Seb, @randcn%crpumlrtwbuw 1559,

o Biblifche Chronica. 1565.
| 3 s Idemxs3x,
36 Guldene Arca, 1569.

37 s Idem 1569,
33 e Idem 1539
a 39 = Idem
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Titel Vorlage

18 a Agricola, Conrad é gricolae Deutsche Biblische Concordans. 1640.
00059 19 a Luther, Martin utheri Kerckenpostilla. Witt. 1563
00059 110 a [Luther, Martin] ildem [Lutheri Kerckenpostilla] Basel. 1528.

Abbildung 2: Ausschnitte aus Digitalisat und Excel-Tabelle, Screenshots

Titel Vorlage Titel bibliographiert Kurztitel
Agricolae Deutsche Biblische Concordans. 1640. Concordantiae Bibliorum, Das ist Biblische Concordantz und Verzeich Concordantiae Bibliorum
|Lutheri Kerckenpostilla. Witt. 1563 KerckenPostilla || Dat ys/| | Vthlegginge der Euangelien an || den vi Kerckenpostilla I
[em [Lutheri Kerckenpostilla] Basel. 5 'Gstille op die Epistelen ende Evangelien van allen sondaghen ende Postille op die Epistelen ende Evangell
Idem [Lutheri Kerckenpostilla] Madgeburg. 1530. 1.2. tom. Auslegung der || Episteln vnd Euangelien | | vom Aduent an/ bis | | :Auslegung der Episteln und Evangelier
Idem [Lutheri Kerckenpostilla] Madgeburg. 1530. 1.2. tom. Ausle=||gung der Eud=||gelien/ von Ostern || bis auffs Aduent/| | g(Auslegung der Evangelien von Ostern |

Abbildung 3: Excel-Tabelle (Titelaufnahme), Screenshot, Ausschnitt

ermittelten Titels aus dem Online-Katalog iibernommen wird, inklusive Versalien,
Zeilenumbriichen und typographischen Besonderheiten. Ist die Verfasserangabe mit
dem Hauptsachtitel grammatikalisch verbunden oder enthilt sie wichtige Zusatzin-
formationen, werden diese mit iibernommen, was héufig bei Titeln aus dem VD17
und VD16 praktiziert wird. Als drittes wird, wenn moglich, ein Kurztitel angege-
ben, da insbesondere Titel aus dem VD16 lang und aufgrund vieler typographischer
Besonderheiten uniibersichtlich sein konnen.

Was den Erscheinungsort anbetrifft, so beriicksichtigen wir maximal zwei Orte
(Abb. 4). In der Hintergrundtabelle zum Ort werden auch die Koordinaten in De-
zimalgrad eingetragen, die fiir die spatere Visualisierung mit einem Geo-Browser
dienen. Des Weiteren werden maximal zwei Drucker/Verleger in der Tabelle vermerkt.
Ihre Namen erfassen wir ebenfalls It. GND-Ansetzungsform. Sind Erscheinungsjahre
ermittelt worden, werden sie in eckigen Klammern angegeben und ggf. im Freitextfeld
entsprechende Erlauterungen hinterlegt, wie auch moglichst bei allen recherchier-
ten Daten.
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Drucker/
Verlegerl

Frankfurt/M. Hoffmann, Wolfgan; 1640
\Wittenberg _ Krafft, Johann d.A. 1563

[Basel] Hoochstraten, Johannes 1528

-
"
g Sachgruppe hist. |Sachbegriff :Gattungsbegriff
<

Libri Theologici Theologie Konkordanz

(o143 Jahr

2
| 2° Libri Theologici Theologie Predigtsammlung |
2° Libri Theologici Theologie Predigtsammlung

Abbildung 4: Excel-Tabelle (Aufnahme: Ort, Drucker/Verleger, Jahr, Format), Ausschnitte, Screenshot

Die Erfassung des Formats erfolgt entsprechend der Angabe im gedruckten Katalog.
Dort sind, wie erwahnt, die Titel nach Sachgruppen und innerhalb der Sachgruppen
nach Formaten unterteilt. Das bibliographische Format wird in normierter Kurzform
eingetragen. Das Format ist Gibrigens oft ein wertvoller Hinweis darauf, ob eine
bestimmte Ausgabe eines Titels als moglicher Treffer in Frage kommt.

Hinter der Rubrik Sachgruppe historisch verbirgt sich die vorgegebene Sachgruppen-
bzw. Abteilungsordnung im Katalog. So handelt es sich bei besagter Lutherischer
Postille um einen Titel, der zu den [libri theologici gehort. Die Sach- und Gattungs-
begriffe basieren auf der Bestimmung, die sich anhand des jeweiligen Katalogisats
des gesuchten Titels ergibt; sie entsprechen grofitenteils den normierten Sach- und
Gattungsbegriffen der AAD.? Ggf. muss ein Datensatz prizisiert und erginzt werden,
wenn im Katalogisat eines betreffenden Titels kein Gattungsbegriff vergeben wurde
oder es gar keinen geeigneten Begriff gibt. Im Fall der Lutherischen Postille wird
dieses Manko ersichtlich: Im Normset der AAD gibt es keinen generellen Sachbegriff
Theologie, diesen haben wir fiir die Postille erganzt, die Leerstelle also selbstandig aus-
geglichen. Eine Abweichung von den AAD-Vorgaben sollte allerdings die Ausnahme
bleiben.

Was die Rubrik Medium anbetrifft, wurden bislang die Angaben Druck, Handschrift
und Sache verwendet. Sache indiziert Sammlungsobjekte wie Globen, Instrumente
oder dhnliches. Es werden maximal zwei Sprachen aufgenommen, und zwar jeweils
im Buchstaben-Sprachcode nach ISO 639-2. Unter Form ist zwischen gebunden und
ungebunden zu wahlen.

Der Nachweis eines Loses und damit eines Titels oder einer Ausgabe setzt sich
zum einen durch den in Kurzform angegebenen Namen des Online-Kataloges wie z.B.
VD17, VD16, GBV etc. und der dazu gehorenden ID zusammen. Das ist der Fall, wenn
eine Ausgabe eindeutig identifizierbar ist. Kommen mehrere Ausgaben in Betracht,
wird »Ausgabe nicht bestimmbar« gew&hlt und es werden in einem Freitextfeld die

2 Arbeitsgemeinschaft Alte Drucke beim GBV.
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IDs von bis zu drei in Frage kommenden Ausgaben angegeben. Kommen mehr als
drei Ausgaben in Betracht, hinterlegen wir momentan im Freitextfeld einen Suchbe-
fehl fiir den jeweiligen Online-Katalog, so dass alle méglichen Ausgaben angezeigt
werden. Zudem konnen in der Freitextspalte Bemerkungen aller Art geparkt werden,
z.B. welche Funktion eine beteiligte Person am Werk hatte oder Erlduterungen, wo
bestimmte Informationen ermittelt wurden.

Unter der Rubrik Digital werden schlief3lich die URL oder URN des Digitalisats einer
identifizierten Ausgabe hinterlegt. Kommt bei der Recherche mehr als eine Ausgabe
in Betracht, wird hier der Link zu einem représentativen Digitalisat verankert. In
der Freitextspalte wird entsprechend vermerkt, zu welcher méglichen Ausgabe das
Digitalisat gehort. Falls kein Digitalisat nachgewiesen ist, im VD17 aber Schliisselsei-
ten vorhanden sind, werden auch diese verlinkt, da sie eine gute Informationsquelle
darstellen. Handelt es sich um einen Link zu einer Schliisselseite, bekommt die URL
ein Préfix, damit bei der Datenbank-Darstellung der jeweilige Link mit Digitalisat
oder Schliisselseite eingeleitet wird. In der Rubrik Onlinebiographien konnen die URLs
beispielsweise zu Eintragen in der ADB (Allgemeine Deutsche Biographie) oder ggf.
auch zu Wikipedia hinterlegt werden, wo weitergehende Informationen zum Verfasser
des jeweiligen Titels abrufbar sind.

3 Entwicklung einer digitalen Infrastruktur

Fir die digitale Prasentation rekonstruierter Bibliotheken gibt es keine fixe und eta-
blierte Losung. Die bibliothekarische Infrastruktur ist nur bedingt geeignet, weil
sie fur vorhandene Besténde und autoptische ErschlieBung ausgelegt ist. Fehlt eine
physisch-konkrete Vorlage, wie in diesem Projekt, so kann man zwar einen virtuellen
Exemplarsatz im Katalog verzeichnen, der den Benutzenden anzeigt, dass ein bestimm-
tes Buch in einer bestimmten Bibliothek vorhanden war, viele Informationen des
Altkatalogs gehen aber verloren. Auch Fille ungewisser Zuordnung, die im Bahnsen-
Katalog in Fiille vorkommen, sind nur schwer abzufangen. Eine andere Infrastruktur,
in die sich das hier vorgestellte Vorhaben theoretisch integrieren lief3e, bietet diejenige
fur digitale Editionen. Ein Prizedenzfall ist das an der HAB edierte Biicherinventar
der Elisabeth von Calenberg (1510-1558) (Biicherinventar Calenberg). Ein solches
Vorgehen bleibt zwangsldufig eng an die Vorlage gebunden. Auswertungsfunktionen,
die eine Anniherung und Durchdringung der Sammlung in ihren verschiedenen Fa-
cetten erlauben - raumlich, zeitlich, prosopographisch, inhaltlich -, sind nur schwer
zu integrieren. Die digitale Rekonstruktion nicht erhaltener Bibliotheken erfolgt da-
her meist mit einer eigenstandigen Datenbank, die iiber ein ad hoc geschriebenes
Webinterface ausgewertet wird. Die Prasentation ist damit gegenstandsspezifisch
und nicht nachnutzbar. Im Rahmen eines Unternehmens, das nicht eine einzelne
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bedeutende, sondern mehrere exemplarische Bibliotheken rekonstruiert, stellt sich
die Frage nach einer generischen, nachnutzbaren Losung umso mehr. Die erhobenen
Daten sind hierfiir gut geeignet, weil sie qualitativ hochwertig, stark strukturiert und
mit Normdatenverkniipfungen fiir Personen und Orte angereichert sind.

Eine Software fiir die Préasentation bibliographischer Daten von einer einstmaligen
Bibliothek als Website ist eine Anforderung, die im Kontext von bibliotheksbezoge-
nen Forschungsprojekten immer wieder begegnet, wenn man vom Spezialfall des
Auktionskatalogs einmal abstrahiert. Alle Arten von Biicherverzeichnissen und Ka-
talogen konnen zur Grundlage einer solchen Présentation werden: zu denken ist an
Nachlassinventare, Neuerscheinungslisten sowie thematische oder personenbezogene
Bibliographien. Sehr dhnlich sind die Anforderungen, wenn Bibliotheken aus Proveni-
enzdaten rekonstruiert werden sollen, wobei nicht ein Katalog, sondern die erhaltene
Sammlung den Ausgangspunkt bildet; anstelle von Verweisen auf einen Altkatalog
koénnen dann Links in den jeweiligen OPAC angezeigt werden. SchlieBlich sind auch
andere Szenarien denkbar, in denen weder ein Altkatalog noch Provenienzdaten
vorliegen. So fihrt auch die Auswertung von Zitationen oder von anderen Lektii-
rezeugnissen zur Rekonstruktion ehemaliger Sammlungen. Auch bei iiberlieferten
und katalogmaflig erschlossenen Sammlungen ist die Darstellung als Website zur
inhaltlichen Auswertung manchmal sinnvoll, etwa wenn ein Teilbestand mit eigener
Geschichte erforscht werden soll.

Ausgangspunkt fiir die Gestaltung der Oberflache fiir die Bahnsen-Webprésentation
war die Rekonstruktion der Privatbibliothek des Mathematikers, Astronomen und
Arztes Duncan Liddel (1561-1613) im Rahmen einer Kooperation zwischen der Uni-
versitit Aberdeen und der Herzog August Bibliothek. Die Biicher, die Liddel in seiner
langen akademischen Tatigkeit auf dem Kontinent sammelte und dem Marischal
College in Aberdeen hinterlie3, konnten anhand von Provenienzforschungen identifi-
ziert werden. Es entstand eine Website, die die Sammlung in mehreren strukturierten
Listen prasentiert; die einzelnen Datensitze sind mit Zusatzinformationen angerei-
chert (Privatbibliothek Liddel). Die Herausforderung beim gegenwértigen Projekt
war es, ein Programm zu entwickeln, das Webseiten mit strukturierten Listen unab-
hangig vom jeweiligen Datencorpus erstellen kann. Die Eingabe sollte dabei iiber
ein intuitiv bedienbares Format erfolgen und die Darstellung derart konfigurierbar
sein, dass alle erfassten Kategorien auf Wunsch zur Grundlage einer Liste werden
konnen. Im Ergebnis entstand ein Set aus PHP-Skripten, das zusammen mit den
notwendigen Dokumentationen unter einer freien Lizenz im Netz veréffentlicht ist.®
Es handelt sich um ein browserbasiertes Programm, das auf einem lokalen oder einem
offentlichen Server genutzt werden kann. Als Output liefert es HTML-Seiten, die im
Browser betrachtet und als Datei heruntergeladen werden kénnen. Das Webdesign ist

3 <https://github.com/hbeyer/liddel-tool>.
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zuriickhaltend unter Verwendung des CSS-Frameworks Bootstrap gestaltet. Eine nach-
tragliche Anpassung an die Formatierungen des eigenen Webauftritts ist somit gut
moglich. Zentrales Element ist eine Mentileiste, die fir jede beriicksichtigte Kategorie
ein aufklappbares Inhaltsverzeichnis enthilt (Abb. 5). Weil die Meniileiste auch beim
Scrollen sichtbar bleibt, ist der Zugriff auf jede Stelle von tiberall her gew#hrleistet.
Die Inhaltsverzeichnisse enthalten in runden Klammern die Anzahl der Datensétze
zu jedem Abschnitt.

Im Koptbereich der Sammlung werden Metainformationen zur Sammlung oder zum
zugrunde liegenden Katalog ausgegeben. Der Link Anzeige in Vorlageform bewirkt,
dass statt der bibliographierten Daten fiir jeden Eintrag eine Transkription des Eintrags
im Altkatalog angezeigt wird. Zu jedem Datensatz konnen Zusatzinformationen
eingeblendet werden. Diese werden je nach Verfiigbarkeit entsprechender Daten
generiert:

« Link auf die Seite im Digitalisat des Altkatalogs

« Link auf einen Datensatz fiir die Ausgabe in einem bibliographischen Nachweis-
system (VD16-18, Verbundkataloge u. a.)

« Link auf das Originalexemplar im OPAC der besitzenden Institution

« Link auf einen Normdatensatz fiir das enthaltene Werk

« Link auf ein Digitalisat

« Freitextfeld mit Zusatzinformationen

Moglich wird so eine Darstellung, die unabhéngig von der Datenquelle ist: Proveni-
enzdaten konnen ebenso verarbeitet werden wie obskure oder nicht einer Ausgabe
zuzuordnende Eintrédge in Altkatalogen. Zu jeder erfassten Kategorie kann eine eigene
Liste generiert werden. Das Programm bildet automatisch Kategorien, wobei leere
Felder zu einem Eintrag unter ohne Kategorie filhren. Dabei gilt insgesamt das Prinzip,
dass Gleiches gleich benannt werden muss, um in einem Eintrag zusammengefiithrt
zu werden.

Die starke Normierung der Daten und ihre Anreicherung mit Normdaten erméglicht
es, Visualisierungen und Zusatzinformationen einzubauen.

Zwei auf JavaScript basierende Features sind Wortwolken und Kreisdiagramme
(Abb. 6).

Die Datengrundlage ist frei wahlbar; in der Regel eignen sich nur bestimmte Kate-
gorien fiir jede Darstellungsform. Wortwolken sind fiir Felder mit vielfaltigem, aber
nicht individuellem Inhalt wie Person, Ort, Drucker, Schlagwort, Gattung geeignet.
Kreisdiagramme dienen der Relationierung von wenigen, haufig vorkommenden
Werten wie Sprache, Rubrik, Medientyp und Gattung (Abb. 7).

Die Darstellung von Ortsdaten erfolgt extern in dem von DARIAH als offenes
Angebot gehosteten Geo-Browser (Abb. 8). Das Programm erzeugt hierfiir eine CSV-
Datei mit den Geoinformationen, die in das Repository geladen und dort referenziert
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Bibliothek Benedikt Bahnsen (1670)

Der aus Norddeutschland stammende Chiliast Benedikt Bahnsen (gest. 1669) emigrierte vermutlich aus Glaubensgriinden in die Niederlande. Tétig war er als Verleger, Buchhéndler
und Blicheragent, Mathematiker und Rechenmeister, daneben verfasste er auch eigene Werke.

Altkatalog: HAB Wolfenbiittel, M: Be Kapsel 7 (23) [Digitalisat]
Anzeige in Vorlageform

Katalog ~ Personen~ Datierung ~ Inhalte ~ Rubriken~

Almanach

Cuningham, Robert: Tractaet des tijdts. Almanach, kalendier, iournael ofte

Arzneibuch

Khunrath, Heinrich: Medulla Destillatoria Et Medica tertium aucta & renove
Vini, durch mittel seines hinter ihm verlassenen Saltzes/ ... zur héchsten e
Hamburg: Frobenius, Georg Ludwig, 1605 Mehr

Khunrath, Heinrich: Medulla Destillatoria Et Medica Mehr
Khunrath, Heinrich: Medulla Destillatoria Et Medica Mehr

Du Chesne, Joseph/Kessler, Thomas: Josephi Quercetani, M.D. Kéniglich
kranckheitten : Aul der aller gelehrtesten so wol Dogmatisten als Hermeti:
kommen ... eine grosse menge/ der auRerlelnesten Spagyrischen/ Arizne
‘werden / Vormahls Frantzdsisch und Lateinisch publicirt. Nun aber ... in ur

Paracelsus: Das Blch/|| METEORORVM,|| des Edlen vnd Hochgelerten H

Gattungen~ Sprachen~

Seitenanfang
Almanach (1)
Arzneibuch (15)
Atlas (1)

Bibel (8)
Bibliographie (1)
Biographie (1)
Brief (2)
Briefsammlung (6)
Chronik (19)
Emblembuch (2)
Enzyklopédie (2)
Flugschrift (4)
Gebetbuch (3)
Gesangbuch (6)

Orte~ Drucker~

| y R. Cuningham, Franeker: Prins, Dirck Jansz, 1605 Mehr

artes Destillier und ArtzneyBuch : darinnen begriffen/ wie der Spiritus
... Gebrechen und Kranckheiten heylsamlich gebraucht werden,

ist/ Von den allerschwersten deR gantzen haupts zustédnden unnd
blchern auffs fleissigest zusammen gelesen ... ; Zu welchen auch
ittet/ sondern auch wie sie sollen heilsamlich und nutzlich gebraucht
h/ M. Thomam KeRlern ..., Stralburg: Zetzner, Eberhard, 1634 Mehr

- n Hohenheim/ Paracelsi genant/|| beider Artzney || Docteris.|| Jtem:||

LIBER QVARTVS PA-||ramiri de Matrice.|| Vor in Truck nie auRgangen.||, K&In: Birckmann, Johann, 1566 Mehr

Ulsted, Ph

p: Coelum Philosophorum. Das ist: Heimligkeit der Natur : darinn nicht allein zu sehen/ wie man ault Wein/ Metallen/ Frichte[n)/ Wurtzeln und Kréutern/ [ef]c. Quint.

Essentiam kinstlich aulziehen/ Item das warhafftige Aurum potabile machen mége: Sondern auch allerley geschwinde Handgriff/ zur Distillation sehr dienlich/ gelehrt und gewiesen
nsen/bahnsen-genreshtml pvm Vistadivm, M. D., Stralburg: Dietzel, Kaspar, 1630 Mehr

Abbildung 5: Mentileiste des browserbasierten Datenvisualisierungsprogramms mit Inhaltsverzeichnis/

Datensitze, Screenshot
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Bibliothek Benedikt Bahnsen (1670)

Der Chiliast Benedikt Bahnsen (gest. 1669) war als Verleger, Bu und B und R tatig. Er stammt aus Norddeutschland und emigrierte
nach Amsterdam.

Altkatalog: HAB Wolfenbittel, M: B Kapsel 19 (7) [Digitalisat]

Katalogv  Personenv  Datierungv  Inhalte~  Gattungen~  Sprachen~  Ortev  Drucker~ [al visualisierung ~

Personen | Inhalte ~ Rubriken | Gattungen  Orte = Drucker

Willem Janszoon Blaeu
Arent Barendtsz Johann Rudolph Glauber
Christoff RudolffPetrus Apian
Simon Jacob  Samuel Marolois Bernhard Rothmann Johann Jacob Fabricius

Christoph Raselius Basilius Valentinus Dirk Volkertszoon Coornhert

Abraham von Frankenber,
Johannes de Garlandia 9 Albertus Magnus

Hans Denck Nicolaus Petri  SIMon Stevin Robbert Robbertsz de Canu

Joachim Tancke . : Adriaan Metius
Franz Filer  ohaol Stifel Pobous Johann Tholde
weueese\f@lentin Weige
Ammoldus de Villa Nova
Philips van Lansbergen
Elias Hutter Heinrich Khunrath

David Joris,, " i

Johannes Faulhaber .
Euclides A9ustin Fuhmam Johannes Tauler

Thomas von Kempen M a rt| n Lu‘the I'Jakob B&hme Gramo cardano

Jeremias Gesner Johan Sems Jylius Sperber
Pierre Serrurier cistian Hoburg P

Christoph Kotter - Artephius
DanielSuermann  Tycho Brahe

Sebastian Minster
Ubbo Emmius  stephan Mcheispacher
Joachim Betke Johann Valentin Andrea
Bartholomaeus Carrichter Angelus Sala
vakinTsenines - Erasmus d.A. Reinhold Johannes Bugenhagen

Oswald Croll - Hendrik Jansen
Johannes de Sacrobosco

Petrus Ramus Alexander von Suchten

Bernardus Trevisanus

Abbildung 6: Wortwolken, erstellt mit Hilfe des Datenvisualisierungsprogrammes, Screenshot

werden kann. Der Geo-Browser bietet nicht nur eine raumliche Darstellung der Ent-
stehungsorte von Sammlungsstiicken, sondern auch eine Zeitleiste mit graphischer
Darstellung der quantitativen Verteilung.

Eine Anreicherung der Personendaten erfolgt mit Hilfe der GND-Nummer. Auf
die Erfassung weiterer biographischer Daten wird verzichtet, stattdessen werden so
genannte BEACON-Dateien auf ein Vorkommen der GND-Nummer durchsucht, was
die Generierung von Links zu personenspezifischen Informationen erméglicht. Das
im Rahmen der deutschsprachigen Wikipedia entwickelte Dateiformat zur Meldung
von Personeninformationen wird von zahlreichen Anbietern unterstiitzt, darunter
biographische Standardwerke, Professorenkataloge, Bilddatenbanken und Briefeditio-
nen. Die Einbindung erfolgt iiber ein Informationssymbol neben jedem Namen auf
der Seite Personen.

Ein grofler Vorteil dieser Prasentationsweise ist, dass die Bezugnahme auf bibliogra-
phische Nachweissysteme explizit gemacht wird. Da die Projektakteure kein Exemplar
physisch vorliegen haben, bei dem sie die bibliographischen Angaben nachpriifen
konnen, zitieren sie einzelne Datensétze aus Nachweissystemen, die persistent in
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Bibliothek Benedikt Bahnsen (1670)

Der Chiliast Benedikt Bahnsen (gest. 1669) war als Verleger, Buchhandler und Blicheragent, Mathematiker und Rechenmeister tatig. Er stammt aus
Norddeutschland und emigrierte nach Amsterdam.

Altkatalog: HAB Wolfenbiittel, M: Bc Kapsel 19 (7) [Digitalisat]

Katalog~ Personen~ Datierung~ Inhalte v Gattungen~ Sprachen v Orte v Drucker ~ L4 Visualisierung ~

Personen Inhalte Rubriken Gattungen Sprachen Formate Nachweise

M Deutsch

B Niederlandisch

B Latein

M Niederdeutsch

B Franzssisch

B Hebraisch
Sonstige

Gesamtzahl: 1177
Bénde: 981

Abbildung 7: Kreisdiagramm, erstellt mit Hilfe des Visualisierungsprogramms, Screenshot

der vom Programm generierten Préasentation verlinkt sind. Es ist daher nicht not-
wendig, alle Details der bibliographischen Aufnahme bei der Rekonstruktion einer
Bibliothek aufzunehmen, da diese verlasslicher und auf Basis von Regelwerken in
den Redaktionen der Nachweissysteme erfasst werden. Die Zuordnung zwischen
dem Eintrag im Altkatalog und der Ausgabe, der das Exemplar angehorte, ist die
eigentliche ErschlieSungsleistung. Thre Zuverlidssigkeit hingt mafigeblich mit der
Interpretierbarkeit des Katalogeintrags zusammen. Zweifelsfalle entstehen insbeson-
dere bei sehr verbreiteten Werken mit mehreren Auflagen in einem Jahr oder solchen,
die wegen ihrer Bekanntheit ungenau bezeichnet werden, z. B. als »Bibel deutsch«.
Neben der Moglichkeit, das Feld fiir die Ausgabe frei zu lassen, kann auch ein Link zu
einem Normdatensatz fiir ein Werk eingefiigt werden, ein mégliches Nachweissystem
hierfiir ist die Gemeinsame Normdatei im Katalog der Deutschen Nationalbibliothek.
Hinweise auf mehrere mogliche Ausgaben kénnen im Freitextfeld vermerkt werden.
Folgen diese einer festgelegten Syntax (Sigle, Leerzeichen, Identifier), so generiert das
Programm automatisch eine Verlinkung der einzelnen Datensatze.

Das vorgestellte Programm trennt strikt zwischen dem Import und der Weiterver-
arbeitung von Daten. In einem ersten Schritt werden die zu transformierenden Daten
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Historical map of 1650 3 n rﬂ [ x | 797 results
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Abbildung 8: Druckorte und Erscheinungsjahre der Bahnsen-Bibliothek, visualisiert mit dem Geo-Browser
von DARIAH-DE

in ein internes Modell umgerechnet und in dieser Form gespeichert. Hierdurch wird
es sehr einfach, zusitzliche Eingabeformate zu implementieren. Im Projekt selbst
konnten die in Excel vorliegenden Daten iiber den Umweg einer Datenbank geladen
werden. Weil dies die Nachnutzung erschwert, wurde inzwischen eine Moglichkeit
geschaffen, Dokumente im CSV-Format* zu verarbeiten. Hierdurch wird es moglich,
Datensammlungen mit einem Tabellenkalkulationsprogramm zu erstellen und di-
rekt zu transformieren. Voraussetzung war, dass simtliche Informationen, die zu
einem Datensatz gehoren, auf einer Tabellenzeile untergebracht werden mussten. Fir

4 Comma-separated values: ein einfaches Tabellenformat, das sowohl mit einem Programm wie Excel als

auch mit einem Texteditor bearbeitet werden kann.
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mehrere Werte gibt es daher eine begrenzte Anzahl von Feldern (Personen, Orte)
oder die Moglichkeit, mehrere Angaben durch Semikolon getrennt in einem Feld
unterzubringen (Schlagworter, Gattungen, Sprachen). Nutzt man das CSV-Format zur
Eingabe, muss man sich daher auf je bis zu vier Autoren und Beitrager sowie zwei
Orte beschranken, obwohl vom Programm mehr dargestellt werden konnten. Das
Problem entfillt, nutzt man den ebenfalls moglichen XML-Upload. Hierfiir wird ein
XML-Schema bereitgestellt, das die ErschlieBung vereinfacht und lenkt. So ist eine
Liste der zu verwendenden Siglen fiir bibliographische Nachweissysteme hinterlegt,
die in géngigen XML-Editoren ein Auswahlmenii erzeugt.

Weil die manuelle Metadatenextraktion aus den Nachweissystemen langwierig ist,
erscheint eine Anbindung an bibliographische Schnittstellen sinnvoll. So kénnten
bibliographische Daten (zumindest Titel, Personen, Ort, Drucker, Erscheinungsjahr)
theoretisch auch vom Programm nachgeladen werden, wenn Nachweissystem und
Identifier bekannt sind. Weil das angesichts der Vielzahl von Nachweissystemen, die
nicht alle iiber offene XML-Schnittstellen verfiigen, nur mit erheblichem Aufwand
zu leisten wire, und weil die Normierung, etwa von Ortsnamen, auf diese Weise
nicht gewéhrleistet ist, wurde das nicht versucht. Implementiert wurde aber eine
Moglichkeit zur Datentibernahme aus Literaturverwaltungsprogrammen wie Citavi
oder Zotero. Exportiert man die Datensétze aus dem Literaturverwaltungsprogramm
in das XML-basierte MODS-Format, werden sie vom Programm bei der Eingabe in das
eigene XML- oder CSV-Format umgewandelt. Eine Nachbearbeitung ist sowohl im
Literaturverwaltungsprogramm als auch in der XML- oder CSV-Datei moglich. Diese
vereinfachte Datenerfassung ist vor allem dann interessant, wenn es nicht darum
geht, die Anordnung der Sammlung in einem Altkatalog wiederzugeben, sondern
wenn Provenienzdaten oder Sammlungsdaten aus anderen Quellen verarbeitet werden
sollen.

Dieselbe Flexibilitit wie beim Import weist das Programm beziiglich des Datenex-
ports auf. Die Datenhaltung als PHP-Objekte vereinfacht die Programmierung von
Transformationsroutinen fir verschiedenste Formate. Zunachst kann das Programm
die Daten in den méglichen Uploadformaten CSV und XML wieder ausgeben und
ermoglicht so die Weiterverarbeitung oder das Nachbearbeiten fiir eine erneute Trans-
formation. Weil diese Formate proprietar und daher nicht fiir die Langzeitarchivierung
geeignet sind, empfiehlt sich die Transformation in einen etablierten Web-Standard.
Hierbei sollen zwei Wege beschritten werden: Die Auszeichnungssprache TEI-P5
der Text Encoding Initiative (TEI) bildet den anerkanntesten und verbreitetesten Stan-
dard fiir digitales Edieren im engeren Sinne.” Wegen der grofien Verbreitung und

> Neben der Wiedergabe von Vorlagen erlaubt sie auch die Anreicherung der Texte mit Metadaten sowie

deren separate Verwaltung etwa in der Form von Personen- oder Werklisten. Samtliche im Projekt
erhobenen Daten kénnen daher auch dann in einem TEI-Dokument untergebracht werden, wenn sie
nicht einem Altkatalog entnommen sind.
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minutiosen Dokumentation eignet sich das TEI-Format gut, um die langfristige Inter-
pretierbarkeit der Daten sicher zu stellen. Die extrem breite Einsetzbarkeit der TEI
bringt aber auch das Problem mit sich, dass keine standardisierten Anwendungen zur
Anzeige aller moglichen TEI-Dokumente existieren. Das Projekt arbeitet daher an
einem projektspezifischen XML-Schema auf Basis der TEL zum dem ein Transforma-
tionsszenario zur Anzeige der Datensammlung als digitale Edition erstellt werden
kann.

Ein anderer Weg, die Daten unabhéngig von der bestehenden Anwendung nutzbar
zu halten, liegt in der Transformation in semantische Daten nach den Regeln des
Resource Description Framework (RDF). Hierbei werden die Daten auf der untersten
moglichen Ebene in zahlreiche maschinenlesbare Tripel nach dem Muster >Subjekt
- Pradikat — Objekt« zerlegt. Jeder dieser Tripel ist anschlieSend unabhéngig von
seinem Kontext interpretierbar und maschinell auswertbar. Zunachst muss dabei zu
jeder Ressource die zu beschreiben ist (Subjekt), eine URL gebildet werden. Dieser
URL kann eine weitere URL oder auch eine Zeichenkette fiir das Objekt zugewiesen
werden. Die Art der Beziehung wird durch das Pradikat ausgedriickt, das ebenfalls in
Form einer URL codiert ist. Um die Daten zu historischen Bibliotheken in dieser Form
ausdriicken zu konnen, ist es zunachst notwendig, die zu beschreibende Ressource
genauer zu definieren (je nach Betrachtungsweise ist es das Sammlungsobjekt selbst,
der Katalogeintrag oder das Besitzverhiltnis) und eine projektinterne Konvention zur
Zuweisung von URLs festzulegen. Fiir die Beschreibung dieser Ressource ist vor allem
ein Set aus Pradikaten notwendig. Diese konnen und sollten moglichst aus bekannten
und im Web verwendeten Ontologien entnommen werden, um die Nutzung der Daten
aufBerhalb des Projektkontextes zu erleichtern. Hat man auf diese Weise fiir jedes
Feld der Ausgangsdatensiatze eine Beschreibungsform in Tripeln etabliert, lasst sich
die automatische Umwandlung der Daten zu einer historischen Bibliothek in RDF
einfach in das Programm integrieren. Der Nutzen einer RDF-Transformation besteht
zum einen in der langfristigen Sicherung, zum anderen in der Kombinierbarkeit mit
anderen semantischen Daten im Web. Gerade weil das gegenwértige Projekt nicht
auf die Beschreibung von iiberlieferten Medien, sondern auf die Beziehungen von
Sammlern und ihren nicht erhaltenen Sammlungsstiicken ausgerichtet ist, eignet sich
ein solches relationsorientiertes Vorgehen, um zukiinftige Forschung an den Daten
zu ermoglichen.

Die Entwicklung einer Suchfunktion wurde im Projekt erst im zweiten Schritt
angegangen. Durch die Verfiugbarkeit aller Titel als Liste ist eine rudimentare Volltext-
suche schon mit der im Browser eingebauten Funktionalitdt moglich; die strukturierte
Anzeige nach mehreren Facetten ersetzt die Suche in einzelnen Feldern zudem sehr
effektiv. Was den einfachen Rahmen sprengt, ist aber zum einen die Suche tiber meh-
rere rekonstruierte Bibliotheken hinweg, zum anderen die Kombination mehrerer
Suchkriterien. Fiir diese Anforderungen erwies sich die nachtriagliche Ubernahme der
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Daten in eine auf dem Markt verfiigbare Suchmaschinen-Software als effizienteste
Losung. Gewéhlt wurde hierfir Apache Solr, ein Open-Source-Framework um den
Suchindex Lucene, das an der HAB bereits an anderen Stellen im Einsatz ist. Hierfur
werden die Daten jeder einzelnen rekonstruierten Bibliothek in ein von Solr direkt les-
bares XML-Format umgerechnet, auch hierfiir miissen die Daten in eine >flache« Form
iberfithrt und hierarchische Verkniipfungen aufgelost werden. Das Solr-Framework
stellt eine Fiille von Funktionalitaten zur Verfiigung, wie sie aus modernen Discovery-
Services bekannt sind. Dazu gehoren neben vielem anderen eine leistungsfihige
Volltextsuche tiber alle Felder, eine feldspezifische Suche in beliebiger Kombination,
das Definieren von Filtern (besonders niitzlich, will man auf einzelne Bibliotheken
einschrianken), eine Bereichssuche fiir Jahreszahlen, Rechts- und Linkstrunkierun-
gen und die Moglichkeit der unscharfen Suche, die besonders fiir die ungeregelte
Orthographie fritherer Jahrhunderte von grofiem Wert ist. Besonders interessant ist
die Moglichkeit der Facettierung, hierbei kénnen fiir die Treffermenge (bzw. den
Gesamtdatenbestand) die vorkommenden Werte der einzelnen Felder sichtbar und
aufrufbar gemacht werden. Auf diese Weise entsteht eine Suchmaschine fiir die zu-
grunde liegenden Bibliotheksrekonstruktionen, die unmittelbar zur Datenanalyse
genutzt werden kann.

Die Integration der Daten in eine solche Suchmaschine ist prinzipiell geeignet, die
vom Programm generierte Ansicht als statische Website zu ersetzen. Das gilt besonders
dann, wenn man es mit groeren Datenmengen als einer kleineren vierstelligen Zahl
an Titeln zu tun hat. Weil von grofien Trefferlisten immer nur ein Teil angezeigt
und die Suche selbst sehr performant ausgefiithrt wird, sind dem Mengenwachstum
kaum Grenzen gesetzt. Das Programm, das im Rahmen des Projekts veroffentlicht
wurde, wird dadurch aber nicht obsolet. Wichtig bleibt es als Tool fiir die Normierung,
Anreicherung und Transformation von Daten, die mit Solr lediglich dargestellt werden.
Zudem kann die Solr-Instanz nicht fiir die externe Nachnutzung bereitgestellt werden.
Fiir externe Nutzer ist daher das Visualisierungstool eine einfache Méglichkeit zur
Generierung von Webseiten zu historischen Biichersammlungen nach Kriterien, die
fir eine Vielzahl von Projekten relevant sind.

4 Kombination von >traditioneller< AltbestandserschliefSung
und Digital Humanities

Der Forschungsverbund Marbach Weimar Wolfenbiittel (MWW), bestehend aus dem
Deutschen Literaturarchiv Marbach, der Klassikstiftung Weimar und der Herzog
August Bibliothek Wolfenbiittel, vereint »traditionell« geisteswissenschaftliche wie
Digital Humanities-Forschungsprojekte unter seinem Dach. Dazu gehort das diesem
Beitrag zugrunde liegende Projekt zur ErschlieSung frithneuzeitlicher Gelehrtenbiblio-
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theken vermittels Auktionskatalogen aus dem Bestand der Herzog August Bibliothek.
Der urspriingliche Zuschnitt des Projekts sah die ErschlieSung der Auktionskatalo-
ge ohne Unterstiitzung der Digital Humanities (im Folgenden wird die Abk. >DHc«
verwendet) vor, da der Schwerpunkt der DH-Projekte im Forschungsverbund auf
dem Aufbau einer gemeinsamen digitalen Infrastruktur fiir die wissenschaftliche
Nutzung der (digitalen) Bestande der Verbundeinrichtungen liegt; deswegen stehen
nur begrenzte zeitliche und personelle Ressourcen fiir die Zusammenarbeit mit den
einzelnen Forschungsprojekten zur Verfiigung. Trotz dieser Ausgangslage wurden
frith Synergieeffekte ersichtlich, wie sie aus der Zusammenarbeit zwischen >traditio-
nellen< und »digitalen< Projektformen resultieren. Einerseits konnten die DH-Projekte
das Anforderungsprofil der entstehenden virtuellen Forschungsumgebung durch
den Projekt-Usecase spezifizieren. Anderseits zeichnete sich ab, dass die Erschlie-
Bungsarbeit durch die Anwendung von DH-Methoden effizienter gestaltet, ein auf
die erhobenen ErschlieBungsdaten zugeschnittenes Prasentationsangebot aufgebaut
und Verfahren fir die Datenanalyse gemeinsam evaluiert und angewendet werden
konnten (vgl. die Ausfithrungen unter Punkt 3).

Die Zusammenarbeit zwischen Digital Humanists und Forschern aus anderen
geisteswissenschaftlichen Disziplinen birgt nach wie vor ein gewisses Konfliktpo-
tential, denn nicht jeder sieht in der Nutzung computergestiitzter Verfahren einen
Mehrwert. Sicherlich gehort auch ein gewisses Mafl an Vertrauen dazu, sich von
gewohnten Arbeitsweisen zu entfernen und neue Wege zu beschreiten, bei denen
man auf einen technischen Begleiter angewiesen ist. Auf Seiten der DH besteht frag-
los ein Spannungsverhéltnis zwischen der gewiinschten Rolle als gleichberechtigter
Partner in Forschungsprojekten und der hdufig zugewiesenen Bedeutung als reiner
Serviceentwickler und Dienstleister. Wahrscheinlich wird sich dieses Dilemma mit
der zunehmenden Etablierung und Professionalisierung der DH mittelfristig auflésen,
Bedingung dafiir sind aber die Bereitschaft, sich auf die neuen Geist-Technologie-
Partnerschaften einzulassen, entsprechende Angebote und die Konsolidierung von
entsprechend nachhaltigen Strukturen in den Universitaten und Gedéchtniseinrich-
tungen (Sahle 2015, passim; Kaden 2013).

Fir die ErschlieBung frithneuzeitlicher Auktionskataloge lag es nah, traditionelle
Verfahren der Altbestandserschlieung mit Methoden der DH zu kombinieren. Im
Folgenden seien ausgewihlte Aspekte der Gestaltung und Ausformung dieser Zusam-
menarbeit und ihre Ergebnisse vorgestellt. Des Weiteren geht es um eine Erdrterung,
inwieweit die Methoden der DH fiir die Erschliefung der frithneuzeitlichen Auktions-
kataloge einen Mehrwert leisten. Folgende Annahmen bilden den Ausgangspunkt:

« Erschlieffungsprojekte beinhalten heutzutage immer digitale Komponente(n),
seien es Digitalisate, die Integration der Erschliefungsdaten in neue oder be-
stehende Nachweissysteme und/oder Projektdatenbanken.
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+ Gedachtniseinrichtungen kénnen mittlerweile bei ErschlieBungsprojekten so-

wohl eine digitale Infrastruktur (die eigene oder eine externe) als auch etablierte

Workflows einbringen. Je grofler das digitale Angebot, desto mehr Moglichkeiten

bieten sich fir ErschlieBungsprojekte, ihre Daten zu normalisieren und automati-

siert mit Wissen anzureichern (Neuroth et al. 2009, 161-169).

Die digitale Erschliefung und Présentation des Bestandes ist eine dauerhafte

Aufgabe von Gedéchtniseinrichtungen. Ergédnzend kommt es durch den Aufbau

von digitalen Angeboten und die Erwerbung digitaler Medien zum Aufbau von

digitalen Bestanden, die keine physische Entsprechung mehr in den analogen

Bestidnden besitzen.

Die DH stellen sowohl Tools als auch Methoden zur Verfiigung, die die Altbe-

standserschliefung in mehreren Bereichen unterstiitzen.

« Die Anwendung von Methoden der DH darf auf keinen Fall unreflektiert, mit
blindem Vertrauen auf die Méglichkeiten von technischen Verfahren erfolgen,
sondern muss mit den Zielen des Projektes und den zur Verfiigung stehenden
bzw. zu benutzenden digitalen Materialien eng abgestimmt werden.

Das Erschliefungsvorhaben von frithneuzeitlichen Auktionskatalogen, das eine Viel-
zahl von Exemplaren umfasst, ist aufgrund der strukturellen Heterogenitit, der ge-
ringen Standardisierung und der Informationsmenge keine kleine Herausforderung.
Auktionskataloge weisen eine grof3e Bandbreite an Inhaltsstrukturierungen auf, oft
gepaart mit vielfaltigen Benutzungsmerkmalen, was vielfach im unikalen Charakter
der Kataloge resultiert (Vogeler 2015, passim). Dies stellt den Bearbeiter vor das Di-
lemma, dass eine TiefenerschlieSung eines Kataloges mit einem erheblichen Aufwand
verbunden ist. Auch wenn Kataloge serielle Quellen und formalisierte Sachtexte sind,
die ihre bibliographischen Informationen repetitiv, nach demselben Muster anein-
anderreihen, so bedeutet das nicht, dass die Aufnahmen einer einheitlichen Syntax
folgen. Es werden die bibliographischen Informationen in Katalogen nicht selten frag-
mentiert oder bis zur Unkenntlichkeit reduziert wiedergegeben. Die Titelaufnahmen
der Frithen Neuzeit gehorchen freilich nicht modernen Ansetzungsregeln, und selbst
wenn Titelaufnahmen nach einem vorliegenden Titelblatt eins zu eins abgeschrie-
ben werden, gibt es als Gegensatz dazu auch Eintrage, die nicht den Titel nennen,
sondern den Inhalt des Buches paraphrasieren. So werden die Autorennamen und
Buchtitel haufig abgekiirzt, es fehlen Druckorte oder/und Druckfehler erschweren
die Identifikation.

Fir die geisteswissenschaftliche Forschung ist indes seit langem klar, dass sich die
Beschiftigung mit Auktionskatalogen auszahlt - eben weil die durch sie rekonstruier-
baren Bibliotheken immer mehr erzihlen als ihre Biicher (Raabe 1984, passim). Waren
es bisher vor allem Untersuchungen zu Einzelkatalogen oder kleineren Korpora,
sollte es im Zuge der Etablierung der DH mittelfristig dazu kommen, Mechanis-
men bereitzustellen, die quantitative Auswertung von Auktionskatalogen auf der
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Abbildung 9: Die Haufigkeit gedruckter Kataloge von Privatbibliotheken in Europa nach Erscheinungsorten
(Kartenausschnitt Mitteleuropa). Die Daten wurden mit Angaben aus Gerhard Loh 1995ff.
und 1997ff. (vgl. Bibliographie) ergénzt; Grafik u. Screenshot: Dietrich Hakelberg

Basis von mit Normdaten und kontrollierten Vokabularen angereicherten Volltexten
und Metadaten zu erlauben. Darauf aufbauend konnen computergestiitzte Verfahren
wie Distant Reading, Topic Modeling oder Netzwerkanalysen hilfreich sein. Ferner
kann durch die ErschlieBung des Quellentyps >Auktionskatalog« die Erforschung von
bio-bibliographischen Netzwerken unterstiitzt werden. Die Anzahl der iiberliefer-
ten gedruckten Verkaufskataloge von Privatbibliotheken veranschaulicht bereits ihr
Quellenpotential fiir diese Arten einer quantitativen Auswertung (Abb. 9).

Im Rahmen des MW W-Projektes sollte keine Korpusbildung vorgenommen werden,
vielmehr ging es um die Entwicklung exemplarischer ErschlieBungsmodelle, die u.a.
ausgewahlte Auktionskataloge erschlieffen helfen. Das Projektteam identifizierte
folgende Ziele fiir die Anwendung von DH-Methoden:

« Die quantitative und inhaltliche Vergleichbarkeit der untersuchten Bibliotheks-
bestande und die Nachnutzbarkeit der erhobenen Daten ist zu gewahrleisten.

« Die Darstellung von ausgewdihlten frithneuzeitlichen Gelehrtenbibliotheken er-
folgt im historischen Kontext.
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« Esist die Visualisierung von Kontexten und Relationen angestrebt.
« Ebenso steht die Prasentation der Forschungs- und ErschlieBungsergebnisse im
Internet auf dem Programm.

Die Basis fiir die Umsetzung dieser Punkte besteht in der ErschlieSung des Katalog-
materials iiber deskriptive Metadaten und die Normierung der enthaltenen Angaben.
Flankiert wird dieser Arbeitsschritt von einer Vernetzung zu relevanten Wissensres-
sourcen. Dafiir wird der Volltext der bibliographischen Eintrage zwingend benétigt.
Aufgrund der hiufig schlechten Papierqualitit, des Widerdrucks, der Schrift- und
Sprachwechsel liefert leider keine bekannte OCR-Software einen auch nur ansatzwei-
se wissenschaftlich verwertbaren Volltext der selektierten Katalogstiicke. Aufgrund
der schon angesprochenen Heterogenitit des Quellenmaterials wiirde auch ein zeit-
intensives Training der OCR-Software nur dann vertretbare Ergebnisse erzielen,
wenn mehrere Auktionskataloge aus derselben Druckerwerkstatt bzw. aus demsel-
ben Druckstock stammen. Es bleibt zu hoffen, dass diese Problematik in Zukunft
gelost werden kann, entsprechende Initiativen existieren bereits, wie beispielsweise
die Koordinierte Forderinitiative zur Weiterentwicklung von Verfahren fiir die Optical-
Character-Recognition (OCR).° Selbst wenn ein wissenschaftlich nachnutzbarer Volltext
automatisiert erstellt werden konnte, wire dieser aufgrund der vielen Abkiirzungen
oder sogar fehlenden bibliographischen Informationen nur schwer zugianglich und
wiirde sich gegen eine belastbare Auswertung, die auf automatisierten Suchen oder
Abfragen beruht, sperren. Das Projektteam entschied sich daher, die Auktionskata-
loge zu transkribieren und iiber Metadaten und eine umfangreiche Normierung zu
erschlieffen. Diese Kombination zweier Methoden schafft nicht nur einen stabilen
Text, sondern stellt der in Entwicklung begriffenen Webprisenz auch Daten fiir die
Inkorporation und Analyse zur Verfiigung. Die in Excel erhobenen Daten werden
im Laufe des Projektes auch in Form von XML/TEI-P5 zur Verfiigung gestellt und
konnen daher problemlos von anderen Forschungsprojekten oder Einzelforschern
nachgenutzt werden. Der Schwerpunkt der Kodierung liegt bei Auktionskatalogen
in der Auszeichnung von bio-bibliographischen Informationen. Da dies ein Bereich
ist, der durch die Regeln der TEI detailliert abgedeckt ist, konnen die Inhalte und
Strukturen der Auktionskataloge in toto ausgezeichnet werden.

Der nichste Arbeitsschritt bestand in der Profilbildung: Wie sind die Auktionska-
taloge zu erschlieflen und welche weiteren Prozesse sollen der ErschlieSungsarbeit
nachfolgen? Dazu wurden zwei Verfahrensprofile entwickelt. Vor der Zuordnung
eines Katalogs zum entsprechenden Profil, muss jedoch eine stichprobenhafte Tei-
lerschlieBung durchgefithrt worden sein. Das Profil Gelehrtenbibliothek 1 betrifft

% In der Schwierigkeit der automatisierten Volltexterkennung (OCR) sind Auktionskatalog mit der Text-
sorte der frithneuzeitlichen Leichenpredigten durchaus vergleichbar (Federbusch und Polzin 2013,
passim).
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Auktionskataloge, bei denen der historische Buchbestand rekonstruiert werden konn-
te. Die Uberlieferungssituation, z. B. durch Provenienzeintrige, und die Nachweise
im Katalog sind so gut, dass die Granularitit den Exemplarvergleich gestattet. In dem
Fall ist es sogar moglich, den verstreuten Buchbestand wie im Virtuellen Skriptorium
St. Matthias virtuell wieder zu vereinigen.

Das Profil Gelehrtenbibliothek 2 bietet diese Moglichkeit nicht, die Griinde dafiir
liegen haufig in rudimentéren bibliographischen Angaben. Daher findet die Identifi-
kation nicht auf Exemplarebene statt, den gelisteten Titeln in den Verkaufskatalogen
kann man sich nur tiber die Ausgabe- bzw. Werkebene annéhern. Hier werden, wie
im ersten Fall, der Katalog und die Eintréage transkribiert und zusétzlich ein digitales
Faksimile des Kataloges zur Verfiigung gestellt. Beide Profile verfiigen tiber einen
einleitenden Text und tiber eine Liste von Quellen, die den Katalog flankieren. Nach
dem Arbeitsschritt der Inhaltstranskription werden die Daten mit Normdaten ange-
reichert, womit sie fiir unterschiedliche Visualisierung- und Prisentationsformen
zur Verfligung stehen. Nachdem dieser Workflow konzipiert und etabliert worden ist
und die relevanten Normdaten und Tools fiir die Visualisierungen identifiziert und
eingerichtet worden sind, kann die Datenaufnahme und Verarbeitung der Kataloge
durchgefithrt werden. Als gewinnbringend hat sich auch erwiesen, den Workflow
nicht als statisches Konstrukt zu begreifen, sondern ihn auf urspriinglich nicht be-
dachte ErschlieBungsphénomene anzupassen. Dazu war der regelmafige Austausch
von DHIler und Bestandserschlieffer-Forscher notwendig und férderlich.

Als bereits umgesetzten Fall fiir das skizzierte Vorgehen im Profil Gelehrtenbiblio-
thek 1kann die Edition des Biicherinventars der Elisabeth von Calenberg (1510-1558)
(Buicherinventar Calenberg) dienen. Diese Webpriasenz kombiniert editorische Be-
standteile mit einer iber Normdaten und Metadaten erfolgten ErschlieBung des
Biicherinventars der Herzogin. Stellt dieses Beispiel einen Einzelfall dar, so konnen
der beschriebene Workflow und die erzielten Ergebnisse bei den Auktionskatalogen,
wie z. B. im Katalog von Bahnsen, hoffentlich dazu fithren, dass der Forschung bald
ein relevantes Korpus an frithneuzeitlichen Auktionskatalogen zur Verfiigung steht.

In den skizzierten Workflow wurden auch Quellen aufgenommen, die die Auktions-
kataloge flankieren und einer fundierten Auswertung der primér tiber die Kataloge
fassbaren Biichersammlungen und der hinter ihnen liegenden Gelehrtenbiographien
zuarbeiten. In den Kontext der Auseinandersetzung mit dem Verkaufskatalog der
Bucherei Bahnsen gehort bspw. das Buchagententum in der Frithneuzeit. Herzog
August der Jiingere von Braunschweig-Liineburg (1579-1666) war fiir die Vermeh-
rung und Qualitat seines Buchbestands mafigeblich auf bibliographisch kompetente
Agenten und Informanten angewiesen. Sie, die selbst geschaftliche und personliche
Netzwerke unterhielten oder Teil von ihnen waren, unterrichteten den Fiirsten aus
erster oder zweiter Hand aus deutschen und europiaischen Stadten wie Augsburg,
Niirnberg, Paris, Rom, Venedig, Den Haag und Amsterdam tiber den Buchmarkt und
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die Angebote. Daneben unterstiitzten sie ihren Auftraggeber bei der allgemeinen
Nachrichtenrecherche und iibernahmen zum Teil auch diplomatische Aufgaben an
den auswirtigen Hofen. Als Gegenleistung erhielten sie zuziiglich der verausgabten
Betrige und Spesen ein festes Salédr oder eine vereinbarte Vergiitung. Die Agenten
konnten zudem auf den Zuwachs von Prestige und gute Absatzmoglichkeiten anderer
exquisiter Kulturprodukte hoffen, die sie ebenfalls vertrieben, weil der Kontakt zum
Hochadel in der Regel Ansehen und eine zahlungskraftige Kundschaft bedeutete
(Arnold 2014a, 81-86; Arnold 2014b, 16-19, 22-25). Neben dem in Niirnberg ansissigen,
den Biichererwerb weit iiber Siiddeutschland ausdehnenden Philipp Hainhofer und
dem in Paris tatigen und von dort berichtenden Jean Beeck — um nur die beiden
bekanntesten zu nennen — gehort auch der hier im Mittelpunkt stehende Benedikt
Bahnsen zu den Buch- und Geschéftsagenten, die fiir Herzog August Dienst taten.
Wir wissen nicht, ab wann genau Bahnsen in den Niederlanden fiir den berithmten
Wolfenbiitteler Biichersammler Drucke und Handschriften erwarb. Es ist davon aus-
zugehen, dass er spitestens seit dem Frithjahr 1660 in entsprechendem Einsatz war.
Diese Annahme griindet auf der erhaltenen Korrespondenz zwischen Bahnsen und
Herzog August, die sich in der Herzog August Bibliothek in Wolfenbiittel befindet
(HAB Wolfenbiittel: BA II,1, Nr. 16—35). Der Briefwechsel umfasst 21 Briefe Bahnsens
an den hochgelehrten Fiirsten, mehrere Biicherlisten und Rechnungen sowie drei
Konzepte von dessen Antwortschreiben aus der Zeit zwischen April 1660 und Juli
1666, also bis kurz vor Herzog Augusts Tod im September 1666. Aus dem Jahr 1664
liegen keine Briefe vor. Da Bahnsen {iber Ware und Aufwand Rechnungen stellte, wird
er — wie Dietrich Hakelberg plausibel schlussfolgert — wohl keine hervorgehobene
Rolle als Biicheragent gehabt und auch kein festes Salar bezogen haben. Ebenso wenig
diirfte er mit diplomatischen Aufgaben betraut gewesen sein (Hakelberg 2015b, 136).

Der Briefwechsel setzt mit einem Schreiben Bahnsens aus Amsterdam an den Fiirs-
ten in Wolfenbiittel am 4. April 1660 ein (Abb. 10). Dieses Datum markiert aber nicht
den Auftakt des Kontaktes zwischen den beiden Mannern, da Bahnsen in dem Brief auf
eine vorgingige Anfrage von Herzog August reagiert, deren Wortlaut aber nicht erhal-
ten ist. Das Schreiben kann als Muster fiir die gesamte Korrespondenz gelten, insofern
es bis auf eine mogliche Titelliste, ein nachgestelltes Biicherverzeichnis und/oder
eine Beilage von anderer Hand im Anhang die Hauptbestandteile der epistolaren
Meldungen von Bahnsen enthalt: Datum und Ort (stets Amsterdam), die formelhafte
Anrede des Fursten, Bezugnahme auf bestellte Biicher, ihre Nicht-/Verfiigbarkeit,
Frachtwege, Erwihnung von an der Biicherbeschaffung und der Biicherspedition
beteiligten Personen, Preise, Spesen, sonstige Aufwendungen, formelhafte Verabschie-
dung, schliellich der Hinweis auf anhéngende Biicherpakete. Natiirlich sind fiir uns
die gelisteten Titel, Autorennamen und Hinweise auf tatsichliche Biichersendungen
an Herzog August von grof3tem Interesse. Hinzu kommen Aussagen, die auf Verbin-
dungen, gar Netzwerke mit anderen Gelehrten, Biicherproduzenten, -handlern und
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Amsterdam), Sign.: HAB, Bibliotheksarchiv, BA II,1, Nr. 16, 1r.




68 Hartmut Beyer — Jorn Miinkner — Katrin Schmidt - Timo Steyer

weiteren historisch eminenten Personen verweisen. Ebenso spielen Auskiinfte zum
genauen Wohnort Bahnsens eine Rolle, zu seinen Beobachtungen und Beurteilungen
zeitgendssischer Geschehnisse, um so seine historische Person schirfer zu fassen und
ein moglichst umfassendes Profil zu rekonstruieren. Es konnen bibliophile Vorlieben
Bahnsens, wie sie am Verkaufskatalog seiner Biicherei ablesbar wurden, verifiziert
oder korrigiert werden, es lassen sich tiber die individuelle Stimme, die Angebote,
Besorgungsversprechungen, Vollzugsmeldungen und Klagen in den Briefen zudem
seine genauen Lebensumstéinde prizisieren. Das Briefkorpus gehort, das abschlie-
Bend dazu, wesentlich zum Primérquellenmaterial, seine Analyse erméglicht einen
mikroperspektivischen Blick auf die Existenz des frithneuzeitlichen Buchhandlers und
Verlegers, Chiliasten, Exilanten und Befirworters heterodoxer bzw. religios devianter
Literatur, Rechenmeisters und Gelehrten Benedikt Bahnsen.

In der geplanten digitalen Edition dieser Briefe erfolgt die Auszeichnung in
XML/TEI-P5. Ausgezeichnet werden im epistolaren Text zum einen briefrelevan-
te Informationen wie Adressat, Gru3formel, Schreibdatum etc. Zum anderen sollen
die genannten Personen, Orte und vor allem Buch- und Werktitel, also die bibliographi-
schen Titelangaben iiber Normdaten erschlossen werden. Die Edition der Briefe wird
mit dem Datenertrag aus dem Bahnsen-Auktionskatalog und der von Herzog August
bis zum seinem Tod 1666 selbst geleisteten bzw. unter seiner Aufsicht bibliographisch
erfassten Wolfenbutteler Sammlung verkniipft. So soll moglich sein herauszufinden,
welche von Herzog August bei Bahnsen angeforderten Titel tatséchlich von diesem
beschafft und nach Wolfenbiittel versendet wurden und sich noch heute im >Urbe-
stand< der HAB identifizieren lassen. Die Briefe werden als Editionspaket in der
Wolfenbiitteler Digitalen Bibliothek (WDB) publiziert und kénnen im Volltext durch-
sucht werden. Ferner werden die Briefe auch katalogisiert und bieten durch ihren
Nachweis in Repositorien zu edierten Briefen (z.B. das Verzeichnis zu Briefeditionen
CorrespSearch) einen zusatzlichen Einstieg zu dem konkreten Auktionskatalog.

Auch wenn die Bahnsen-ErschlieSung nur als Usecase konzipiert ist, wird den-
noch ersichtlich, dass Auktionskataloge mittels noch profunder in ihrer historischen
Bedingtheit erfasst, gewichtet und ausgelotet werden konnen. Das Netzwerk zwi-
schen Personen und Bibliographien lésst sich durch weitere Referenzen (Quellen und
Normdaten) detailliert erforschen und darstellen. Dies kann auflerdem den Grundstein
dafiir legen, in Zukunft auch fiir einzelne Biicher eine Art >Biographie« rekonstruieren
zu konnen. Die sich erst im Laufe des Bahnsen-Projektes ergebene und entwickel-
te Flankierung der Auktionskataloge mit einer Briefedition wire in einem analog
ausgerichteten Projekt nicht ohne weiteres moglich gewesen und demonstriert die
erweiterten Moglichkeiten, die sich der Forschung durch die DH er6ffnen.
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The Legendary Legacy: Crunching 600 Years of
Saga Manuscript Data

Matthew Driscoll

Abstract

The research project “Stories for all time”, which ran from 2011 to 2014, had as its aim
to survey the entire transmission history of the Fornaldarsogur Nordurlanda, a group
of Icelandic sagas often referred to in English as “mythical-heroic” or “legendary”
sagas. Although the sagas themselves are thought to date from the 13th or 14th
century, they are preserved mostly in post-medieval paper manuscripts. We set out
therefore to locate and catalogue all the manuscripts containing texts of the 35 sagas
which make up the corpus. In the end we found over 1000 manuscripts — containing
nearly 2000 texts — the earliest from the beginning of the 14th century, the latest from
the beginning of the 20th. About a quarter of these were not previously known to
scholarship. We catalogued all of these manuscripts using a very restrictive subset of
the TEI manuscript description module, which allows us to compare codicological and
other features of the manuscripts in a way hitherto impossible. The article presents
the schema and some of the results of our analysis of the encoded data.

Zusammenfassung

Im Rahmen des Forschungsprojekts »Stories for all time« wurde in den Jahren 2011-
2014 die Uberlieferungsgeschichte aller unter dem Namen Fornaldarségur Nordur-
landa gefassten und als »mythisch-heroisch« oder »legendenhaft« bezeichneten
islandischen Sagen untersucht. Ihre Entstehung wird fiir gewohnlich in das 13. und
14. Jahrhundert datiert; iiberliefert sind sie gleichwohl vor allem in neuzeitlichen
Papierhandschriften. Ziel des Projekts war es, saimtliche Textzeugen des 35 Sagen
umfassenden Corpus aufzufinden und zu katalogisieren. 1000 Handschriften mit etwa
2000 Texten konnten identifiziert werden, die alteste vom frithen 14. Jahrhundert,
die jiingste vom frithen 20. Jahrhundert. Ein Viertel aller Textzeugen waren der For-
schung zuvor noch unbekannt. Die Handschriften wurden unter Verwendung eines
sehr strikten TEI-Schemas katalogisiert, das einen bis dato nicht moglichen Vergleich
kodikologischer und anderer Eigenschaften erlaubt. Dieser Artikel stellt sowohl das
Schema selbst als auch die Ergebnisse einer Analyse der mit diesem Schema erfassten
Daten vor.

Kodikologie und Paldographie im Digitalen Zeitalter 4 — Codicology and Palaeography in the Digital Age 4. Hrsg. Hannah
Busch, Franz Fischer und Patrick Sahle, unter Mitarbeit von Bernhard Assmann, Philipp Hegel und Celia Krause. Schriften
des Instituts fiir Dokumentologie und Editorik 11. Norderstedt: Books on Demand, 2017. 71-79.
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The project “Stories for all time: The Icelandic fornaldarségur”, based at the University
of Copenhagen, has as its chief focus the transmission history of the Fornaldarségur
Nordurlanda - literally “Stories of the ancient men of the northern lands” but generally
known in English as Legendary or Mythical-heroic sagas — a group of Icelandic
prose narratives dealing with the early history of mainland Scandinavia, before the
unification of Norway under Haraldr harfagri (fair-hair) and the settlement of Iceland
in the late 9th century. Although many of them demonstrably have older roots, the
sagas as we have them were first written down in the 14th century. They remained
popular throughout the late medieval and early-modern period, even into the 18th
and 19th centuries and the first decades of the 20th.!

The project’s chief deliverable is an electronic catalogue of all the manuscripts
in which fornaldarsaga texts are found, containing information on their format and
layout, the other texts they preserve and when, where and by and/or for whom they
were written. Ancillary to this is a fully searchable bibliography of editions, transla-
tions and secondary material pertaining to the fornaldarségur. Both the manuscript
catalogue and the bibliography were produced in TEI-conformant XML. Both are
regularly updated and available on the project website.

So far, 817 manuscripts have been identified as containing fornaldarsaga texts;
about a quarter of these were not previously known to scholarship.? Of these, 82 are
composite manuscripts, i.e. are made up of parts (two or more) of originally separate
manuscripts. If the parts are counted separately, the total number of manuscripts is
1049 (a typical Fornaldarsaga manuscript is shown in fig. 1).

Most are from Iceland, but some were written, generally by or for scholars, in
Sweden or Denmark. And although most are in Icelandic, about 150 are, or contain
alongside the Icelandic text, translations into Swedish, Danish, French or Latin. Only
around a quarter of the manuscripts only contain fornaldarségur; the rest contain
material belonging to other genres, principally riddaraségur (chivalric romances, both
translated and original) and Islendingaségur (Icelandic family sagas), but all sorts of
other things as well (see further below).

For each manuscript there is a catalogue record produced using a restrictive subset
of the TEI P5 module for manuscript description.®> Among other things, the number
of elements available for use was greatly reduced, many elements and attributes
which are optional in the TEI were made mandatory, and many attribute value lists
were ‘hard-wired’ into the schema. This was done both to make data-input easier for
the cataloguers and reduce the risk of error, and also to make the data more easily
searchable. We have for the same reason deliberately tried to put as much information

' For a definition of the fornaldarségur, see Driscoll 2003 and Driscoll 2009.

This number will certainly increase as more manuscripts in private ownership are discovered and
catalogued.

The module for manuscript description is presented in chapter 10 of the TEI Guidelines.
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Figure 1: Reykjavik, Landsbékasafn Islands — Haskélabokasafn, IB 165 4to, a large collection of Apostles’
vitee and fornaldarségur written in 1778 in Selardalur by an unknown scribe, who identifies
himself only as “P. J.son”. According to the title-page, shown here, the sagas were “Samann
skrifadar i firstu af frodumm frede mennumm, peim til degrastittingar er slika frede lesa edr heyra
vilia, en nu at nyo rangt oc jlla uppparadar af 6kunnande vidvaningie” (originally compiled by
wise men of learning for the enjoyment of those who wish to read or hear such lore, but now
once again badly and inaccurately scrawled by an ignorant amateur).
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into the encoding as we can, avoiding wherever possible the use of natural language.
So instead of indicating the language of the text by using the word “Icelandic” or
“Swedish”, for example, like this:

<textLang>Icelandic, with some Swedish</textLang>

we would put this information in attribute values, like this:

<textLang mainLang="1is" otherLangs="sv"/>

The way this is displayed in the online database is then determined by the stylesheet.
One added advantage of this method is that content can then be generated in any
language, should one want to have the option of multiple interface languages.

As in standard TEI, the <msDesc> (manuscript description) element contains a
description of a single identifiable manuscript. In our schema it must have the at-
tributes @xml:1d, which provides a unique identifier for the element, and @xml: lang,
which indicates the language of the element content. The sub-elements of <msDesc>
are <msIdentifier>, <msContents>, <physDesc>, <history> and <additional>, all
of which should be present. Two further elements, <msPart> and <msFrag>, are
also available within <msDesc>; the former is used for composite manuscripts, i.e.
manuscripts comprising two or more originally distinct manuscript parts now kept
together as a unit, and the latter for scattered manuscripts, i.e. manuscripts one or
more parts of which have become separated from the original codex and may now be
kept in different repositories.

Each of the child elements of <msDesc> contains a number of sub-elements, many
of which have also been made mandatory. <msContents>, for example, must contain
at least one <msItem> element, on which the attributes @class and @n must be present.
Each <msItem>, in turn, must contain the elements <locus>, <title> and <textLang>,
each with their required attributes.

<msContents>
<msItem class="#fas" n="1">
<locus from="1r:1" to="8v:17"/>
<title type="uniform" ref="#snfdsv">
Ségubrot af nokkrum fornkonungum i Dana ok Svia veldi
</title>
<textLang mainLang="1is"/>
</msItem>
</msContents>

One recurrent topic of debate within fornaldarsaga studies has been that of genre:
to which extent can or should they be considered to represent a corpus?* Apart from
the criteria of the time and geographical space in which the stories are set, do they
share any features which may be said specifically to characterise them and distinguish
them from other types of sagas. And, more importantly, is there any evidence in the

4 One of the more recent contributions to this debate is Quinn et al. 2006.
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manuscripts themselves to suggest that those who copied and read them regarded
them as constituting a genre?

In order better to address this question we have attempted to identify the other
types of texts found in manuscripts alongside the fornaldarségur, which is why the
@class attribute has been made mandatory on all <msItem> elements. The possible
values for @class are defined in a <taxonomy> element in the TEIheader. The different
class designations are based on the indexing terms used by the National Library of
Iceland, but simplified greatly.

We also place a lot of emphasis on the manuscripts’ codicological features, and so
many of the elements within <physbesc> (physical description) are also mandatory.
Describing such features can be very time-consuming, however, and since we had a
large number of manuscripts to get through in a relatively short period we developed
a simple ‘short cut’ which allows us to provide basic information on the presence or
absence of a feature or its relative level or extent without the necessity of going into
any further detail. Flagging the presence of a feature in this way allows us to return
to the manuscript later if need be. To this end the attribute @ana (analysis) is used on
a number of elements.

To take one example: title pages, which were not a feature of medieval manuscripts
but developed after the invention of moveable type, are often found in younger, post-
medieval, manuscripts. In order simply to register their presence, and whether they
appeared to be contemporary with the manuscript or added later, we require the at-
tribute @ana on the element <titlePage>, with possible values “no”, “contemporary”,
“later” and “unknown”. No further content is required, but sub-elements such as
<titlePart> can be used, or added later.

Other elements which can (or must) also use @ana in this way include <foliation>,
<watermark>, <condition>, <decoDesc> and <additions>. In the latter two cases the
possible values are “no”, “low”, “medium” and “high”; no other information need be
supplied.

It could be argued that this is misuse of the @ana attribute, which is intended
to provide a pointer “to one or more elements containing interpretations of the
element on which the @ana attribute appears”’ and that if a manuscript contains no
watermarks, say, the best way to indicate this is by simply not using the <watermark>
element. We disagree, however; the absence of an element does not necessarily
indicate the absence of the feature that element is intended to be used to describe.®

5> TEI Guidelines, section 17.2, “Global Attributes for Simple Analyses”.

This matter was discussed, though with no conclusion being reached, on the TEI listserv in February 2010;
see <http://tei-1.970651.n3.nabble.com/Re-Indicating-the-presence-or-absence-of-a-feature-td2349886.
html#a2349891>.
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http://tei-l.970651.n3.nabble.com/Re-Indicating-the-presence-or-absence-of-a-feature-td2349886.html#a2349891
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Within <support> we use <num> (number) to indicate the number of the leaves,
and <dimensions> to indicate their size (a visualisation of leaf-size over time is given
in fig. 2). As mentioned above we try to put as much information into the encoding
as we can, as in the following example:

<supportDesc material="chart">
<support>
<num type="front-flyleaf" value="2"/>
<num type="book-block" value="19"/>
<num type="back-flyleaf" value="1"/>
<dimensions type="leaf" unit="mm" scope="all">
<height quantity="3605"/>
<width quantity="190"/>
</dimensions>
</support>
<watermark ana="#yes"/>
<foliation ana="#later #fol"/>
<condition ana="#average"/>
</supportDesc>

The description of the layout is similar, again using <num> to indicate the number of

words per line and <dimensions> to indicate the size of the written area:

<layoutDesc>
<layout columns="1" writtenLines="28">
<num type="wpl" atLeast="10" atMost="12"/>
<dimensions type="written" unit="mm" scope="all">
<height quantity="230"/>
<width quantity="175"/>
</dimensions>
</layout>

</layoutDesc>
On the basis of this, one can easily work out the density of the text on the page.
The proportion of the page taken up by the writing, the ‘text-page ratio’, can be
determined by simply dividing the size of the written area (height x width) by the size
of the leaf (height x width). In the case of the manuscript described here this would
be 69.5%. A simple way of determining text density is to divide the size of the written
area (height x width) by the number of words on the page (no. of lines x no. of words
per line), which gives you the average amount of space (in mm?®) taken up by a single
word; in this case the figure would be 130.68. The smaller the number, the greater the
text density. There are, of course, other ways to measure text density, for example by
the average amount of space taken up by a single sign (whether letter, abbreviation or
mark of punctuation), or the number of signs per unit of space, typically dm2.” Both
of these are more time-consuming than the method outlined here, which, despite its
‘quick and dirty’ nature, does give a good indication of the density of the text on the

page which can be used as a basis for quantitative analysis.

7 See Maniaci 2002, esp. 101-120, and Gumbert 2010, 50-53. There are also software programs which can

measure the relative amounts of ink and white space on a page and thus measure the density of the
text; see e.g. Gurrado 2009.
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Figure 2: Manuscript leaf-size over time. Visualisation by Beeke Stegmann.

In addition to information on the manuscript’s support and layout, the schema
allows data on other characteristics to be supplied in a similarly data-intensive fashion.
These include:

number of hands in the manuscript and relative scope of each;

the names of the scribes identified as corresponding to hands in the manuscript;
the relative level of decoration of the manuscript;

the relative level of additions (marginalia) made to the manuscript;

the degree to which the binding is decorated and the contemporaneousness of
the binding with the manuscript;

the date and place of origin;

the names of previous owners or other individuals known to have had a part in
the manuscript’s history.

We have also produced authority files for persons and places named in the manuscript
descriptions using the <person> and <place> elements. Here, for example, is the
<person> element for the scribe Jén Erlendsson:

<person sex="1" role="scribe" xml:id="JonErlee1">
<persName xml:lang="1is">

<forename sort="1">Jén</forename>

<surname sort="2">Erlendsson</surname>

</persName>

<birth notBefore="1600" notAfter="1610">ca. 1605</birth>
<death when="1672-08">August 1672</death>
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<residence>
<placeName>
<settlement type="farm" ref="#Vilviloel">Villingaholt</settlement>
</placeName>
</residence>
<occupation xml:lang="en">Priest</occupation>
<bibl>
<ref target="#IsAev">Islenzkar aviskrar</ref>
<biblScope unit="volume">III</biblScope>
<biblScope unit="page" from="195" to="106"/>
</bibl>
</person>

This is then referenced in the individual manuscript records like this:

<name ref="#JonErl001" type="person">Jén Erlendsson</name>

Or within the <handDesc> element like this:

<handNote scope="major" scribeRef="#JonErl001" script="textualis">
Written, apart from fol. 12, by Jén Erlendsson from Villingaholt
in a clear, seventeenth-century Gothic book hand.

</handNote>

Within the <person> element itself, the @ref attribute on the <settlement> element,

indicating Jon Erlendsson’s place of residence, points to the corresponding <place>
element in the place name authority file:

<place xml:id="vilvile1i">

<placeName xml:lang="1is">
<settlement type="farm">Villingaholt</settlement>
<region type="parish" ref="#Villino1l"/>
<region type="county" ref="#&#xC1l;rnes01"/>
<region type="geog" ref="#Sunnle0dl"/>
<country ref="#IS"/>

</placeName>

<location>
<geo0>63.883997 -20.750909</geo>

</location>

</place>

Note that within the <placeName> element, all sub-elements, apart from
<settlement>, which provides the name of the specific place in question, are
pointers to other <place> elements in the authority.

Although this has not yet been implemented within our project, it would be possible
on the basis of this mark-up to generate maps showing manuscript origin; this could
help to reveal, among other things, whether certain sagas were more popular in
certain places, and whether this changed over time.

All these different types of information can be collated, revealing things like changes
in the distribution of texts over time or trends in format and layout. In the graph
below, for example, manuscript format is collated with period of writing. The clusters
show clearly the three principal formats, folio, quarto and octavo. It is interesting
that the 19th-century manuscripts, which were mostly copied by ordinary people
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for their own use, tended to be in the smaller formats of octavo and quarto, while
those of the 17th and 18th centuries, which were often written by or for scholars and
antiquarians, tended to be in folio.

The point of this highly restrictive schema was to allow for the encoding of basic
codicological data on a moderately large number of manuscripts, based, wherever
possible, on first hand examination of the manuscripts in question. As these ma-
nuscripts were held by some 29 repositories in 8 different countries, we were often
forced to work at some speed, without the luxury of in-depth inspection. The idea
was therefore to make data input as easy as possible, to reduce the possibility of error
and to allow the presence or absence of particular features to be recorded, both for
statistical purposes, and to flag items potentially of interest for further investigation.
Although the resulting electronic catalogue is narrowly focused on one type of late
medieval Icelandic narrative, we hope that our schema, or at least our approach, could
be used as a model for similar investigations of virtually any body of documents.
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VisColl: A New Collation Tool for Manuscript
Studies

Dot Porter, Alberto Campagnolo, Erin Connelly

Abstract

The principal physical feature of the book in codex format, the gathering structure, is
usually not visualized within digitization projects. If this information is recorded at all,
it is generally done with the use of collation formulas. There is not a standard schema
for manuscript collation formulas and not all practices are able to record accurately
the structure of books. There have been some attempts in the past to describe
gathering structures in more formalised ways. VisColl is building on past experiences
and strives to describe, visualize, and communicate the gathering structure of books.
Successful applications of the new tool are presented as examples. Future versions will
add functionality to link physical details of a manuscript with additional information
about the content, which will enable a complete mapping of a physical manuscript.

Zusammenfassung

Das Hauptmerkmal eines Buchs im Kodexformat, seine Lagenstruktur, wird in Digitali-
sierungsprojekten gewohnlich nicht visualisiert. Wenn diesbeziigliche Informationen
iberhaupt festgehalten werden, so geschieht dies in aller Regel unter Verwendung
fomalisierter Lagenbeschreibungen, fiir die es bisher kein allgemein anerkanntes
Standardformat gibt. Auch eignen sich vorherrschende Beschreibungspraktiken nicht
immer fiir eine detailgenaue Erfassung der Lagenstruktur. In der Vergangenheit gab
es einige Versuche, Lagenbeschreibungen starker zu fomalisieren. VisColl kniipft an
diese Erfahrungen an und ist bestrebt, Lagenstrukturen von Biichern zu beschreiben,
zu visualisieren und zu vermitteln. In diesem Artikel soll anhand einiger Beispiele
veranschaulicht werden, wie das neue Tool bereits erfolgreich angewendet wird. In
Zukunft sollen Funktionalitaten hinzugefiigt werden, tiber die sich Angaben zum
materiellen Zustand einer Handschrift mit inhaltlichen Informationen verbinden
lassen, um auf diese Weise ein umfassendes Verzeichnen des physischen Objekts zu
ermoglichen.

1 Introduction

VisColl is a digital tool designed to help scholars to visualize the physical construction
of medieval codex manuscripts, also known as collation. Manuscript codices, like

Kodikologie und Paldographie im Digitalen Zeitalter 4 — Codicology and Palaeography in the Digital Age 4. Hrsg. Hannah
Busch, Franz Fischer und Patrick Sahle, unter Mitarbeit von Bernhard Assmann, Philipp Hegel und Celia Krause. Schriften
des Instituts fiir Dokumentologie und Editorik 11. Norderstedt: Books on Demand, 2017. 81-100.
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modern books, consist of a series of pages, however the pages are physically connected
in ways that are not always clear to the reader. Manuscripts are built of quires, which
are normally three to six sheets of parchment or paper (or both), stacked and then
folded in half, and then (usually) sewn together in the fold. The folded sheets are called
bifolia (literally “two folios”), and the pages are called folios or leaves. Thus the first
leaf in a quire is literally half of a bifolia, while the last leaf in a quire is the other half.
We say that these two leaves are conjoined. Quires are sewn together to create codex
books. In addition to sets of bifolia, a quire may have leaves cut out, or added either
during the writing process or later. It is these details of physicality—quires, bifolia,
added and removed leaves—that the current version of VisColl seeks to describe and
visualize. Future versions will add functionality to link physical details of a manuscript
with additional information about the content, which will enable a complete mapping
of a physical manuscript.

VisColl was conceived in the mid-2000s by Dot Porter during her work at the
Collaboratory for Research in Computing for Humanities at the University of Kentucky
(UKY). Porter developed the tool in order to address issues she encountered in ef-
fectively visualizing standard descriptions of manuscripts in scholarly works. For
instance, in Beowulf and the Beowulf Manuscript Kevin Kiernan (1981) uses the physical
construction of the manuscript to make arguments about the dating of the text
(separate from the dating of the manuscript itself). In addition, Ben Withers (of UKY),
in The Illustrated Old English Hexateuch, Cotton MS. Claudius B.IV: the Frontier of
Seeing and Reading in Anglo-Saxon England (2007) similarly used a detailed collation
statement of the manuscript as the backbone for his investigation of the construction
of the manuscript. There are numerous examples of scholarly works that build an
argument about the dating and construction of manuscripts based on the collation
of the physical object. In consulting such works, Porter saw an opportunity to
enable readers to better visualize the structure of the object beyond the limitations of
traditional formulas, diagrams, and collation statements.

1.1 Collation formulas

Traditionally, information on the gathering structure of books is recorded in highly
dense expressions, referred to as collation formulas. These describe the sequence
of bifolia (and singletons) within book gatherings. All formulas contain the same
basic information, but this may be presented in a variety of ways, and their decoding
in relation to the physical appearance of the object that they describe can prove
challenging.

The following examples show different styles of collation formulas:

[1] 1, 1-9 (8), 10 (6), 11-20 (8), 21 (7), i
[2] I-III8, IVYO, V-IX®
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[3] IV(32), IV-1(40), 9 IV(120), IV-4

[4] 1-48, 52, 6%1,7-10%°

[5] 2°: "AS("A1+1,"A5+1.2), A-2BS, 2C?, a-g®, X2g®, h-v%, x4, “gg3.4”(+"gg3”), 1-29°,
391, 2a-2f°, 2g?, “Gg®”, 2h°, 2k-3b®

Of these, the first four illustrate different patterns of collation formulas utilized for
manuscripts, whilst the latter shows a bibliographical description of the gathering
assembly of a printed book.

Formulas to describe manuscripts and printed books aim at the same scope: rep-
resenting the gathering structure of a book in codex format; there are, however,
some fundamental differences between the two schools. In manuscript studies colla-
tion formulas represent book structures exactly as they are, whilst bibliographical
formulas represent the ideal copy of the printed book, and not the state of specific
exemplars. In addition, manuscript studies—unlike the case of printed books and their
bibliographical description—lack a standard for drafting collation formulas that is
approved and employed by all scholars. As it can be seen in the examples above—[1] to
[4]—some schemas use Roman numerals to signal the sequence of gatherings, whilst
others prefer Arabic numerals; some use superscripts, and some show the number of
pages in a group. Without being familiar with specific schemas, the interpretation of
manuscript collation formulas can be problematic. Nonetheless, for the most part,
both bibliographical collation formulas and the various styles of those employed in
manuscript studies share a set of information units that are necessary to describe the
arrangement of the sheets within textblocks.

Zappella (1996) and Andrist et al. (2013) provide a comprehensive overview of the
state of the art of collation formulas in bibliography and manuscript studies.

There have been some attempts to formulate collation schemas, and to model the
gathering structure of books, in a way that such information could be easily parsed
by computers. Gerardy (1972) describes a numerical system' to encode gathering
structures of manuscripts. This collation format works like a decimal cataloguing
system, and assigns numbers to gatherings (GG), bifolia (BB), and folios (f) or sides
(s) of the leaves (i.e. recto and verso) according to a specific template:> GG.BB fls.
This system assigns a unique numerical code to each element and accommodates
for irregular structures by allocating special codes to stubs (7) and missing leaves
(0). In this manner, also the frequent—and difficult to model—case of quires within
quires, can be encoded. However, the unique numerical IDs in themselves do not
communicate the relationships that exist amongst the bifolia within a gathering, i.e.,
looking at the example in figure 1, knowing that a folio ID is 03.03.01 and that of
another is 03.04.01 does not convey the fact that bifolio 03 is an example of a quire

1 See ‘Pagination décimale’ in Muzerelle 1985.

2 The full template also accommodates for stubs and missing leaves, and not just full folios and their sides.
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Figure 1: Example of decimal pagination for a complex gathering 3 in a manuscript (after Gruijs 1974, 254,
schema 2; and Gerardy 1980, 45).

within quire: only the diagram or the full array of the gathering’s IDs yield this
important piece of information, and this is a significant flaw of the system.

In 2004, the TEI Physical Bibliography Workgroup put together a proposal to
expand the collation recording capabilities of the TEI-MS model (TEI Workgroup on
Physical Bibliography 2004). Considering that the physical structure of a book can
be conceptualized as a series of hierarchically-organized objects, such as gatherings
which contain leaves, and pages which contain lines of text, the working group
advanced two distinct models to be integrated within a <collation> element in the
<msDescription> or <bookDescription> of the TEI header.

On the one hand, in <collationFormula>, the typical layout of collation formula
schemas was transposed within a hierarchical structure containing the elements that
make up a full bibliographic description of gathering structures: a list of gatherings,
an indication of the total number of leaves, pagination statements, etc.

On the other hand, the working group modelled a complex series of elements—i.e.
<gathering>, <leaf>, <page>—to directly describe the physical structure of books in
codex format.

This module did not become part of TEI P5 (TEI 2016b), and as a result, the standard
way of recording collation information within TEI-based descriptions is to insert,
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within a <collation> element, using informal prose, or other notational conventions,
a description of a book’s current and original arrangement of leaves and gatherings
(TEI 2016a). The guidelines do not, therefore, prescribe any specific collation notation,
but typical collation formulas can be included in a <formula> element as text. The
ideas brought forward by the Physical Bibliography working group were, however,
valuable, and, as it will be seen, they are being integrated in our own modelling of
the gathering structures.
<gathering>
<leaf xml:id="1leafl" conjunct="1leaf8">
<page xml:id="pl" sheetSide="1" cutFromN="p8" W="ple"/>
<page xml:id="p2" sheetSide="2" cutFromN="p7" E="pl5"/>
</leaf>
<leaf xml:id="1leaf2" conjunct="1leaf7">
<page xml:id="p3" sheetSide="2" cutFromN="p6" W="p14"/>
<page xml:id="p4" sheetSide="1" cutFromN="p5" E="p13"/>
</leaf>
<leaf xml:id="1eaf3" conjunct="1leaf6">
<page xml:id="p5" sheetSide="1" cutFromN="p4" W="p12"/>
<page xml:id="p6" sheetSide="2" cutFromN="p3" E="pll"/>
</leaf>
<leaf xml:id="1leaf4" conjunct="1leaf5">
<page xml:id="p7" sheetSide="2" cutFromN="p2" W="p10"/>
<page xml:id="p8" sheetSide="1" cutFromN="pl" E="p9"/>
</leaf>
<leaf xml:id="1leaf5" conjunct="1leaf4">
<page xml:id="p9" sheetSide="1" cutFromN="pl6" cutFromE="pl2" W="p8"/>
<page xml:id="pl0" sheetSide="2" cutFromN="p1l5" cutFromwW="p1l1" E="p7"/>
</leaf>

<Kl—= [...] =-=>
</gathering>

Listing 1: Example of encoding according to the 2004 Physical Bibliography proposal.

1.2 Viewing digitized manuscripts

Digitized medieval manuscripts are typically viewed through single-page or facing-
page interfaces, which lack the physical cues present in a physical book, i.e., the
size of the book, its thickness, details of the parchment or paper, etc. Indeed, even
facing-page interfaces do not usually show a picture of book openings at all, but rather
they are composites made with two images: one of the left-side page and another of
the right-side page. These images would have been taken at different times. Typically
all images of one side pages are taken first, e.g. all the rectos, then of the other side,
and then file names or structural metadata are used to order the files correctly in post
processing. Most digital libraries provide some information on the pages depicted,
and views other than single-page or facing-page: all provide information on the folio
number and the side (recto or verso) shown; some indicate the quire number (e.g.
The British Library et al. 2016), and some offer a variety of viewing modes, including
pages of thumbnails (e.g. E-Codices 2016) or thumbnails presented filmstrip-style
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Figure 2: Diagram showing the pipeline of the prototype system.
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across the bottom of a page (e.g. Vitae Sanctorum 2016). However, again, for the most
part, the focus of these resources is on the page, rather than on the physical object.
Even the Turning the Pages™ software (Turning the Pages™ 2016), conceived by the
British Library in 1996—and developed by Armadillo Systems (Armadillo Systems 2009)
since 2001—, which, since version 2.0 (2006), has produced realistic three-dimensional
books (including the ability to mimic the different movement of paper and parchment
pages as these are turned), lacks any modelling of the gathering structure. To present
knowledge, there is no institutional digital library that describes the physicality of
manuscripts outside of the standard Physical Description section of the manuscript
records and collation formulas.

In VisColl, we first model the collation of manuscripts in an XML format and
then process that model in various ways, currently providing both diagrams and
formulas, but potentially in other novel ways as well. For instance, in addition to
visualizing the physical structure of a manuscript, the Beta Version of VisColl currently
under development enables users to create taxonomies describing the content of the
manuscript, and other elements, and then the system links those taxonomies to the
physical structure, which produces a more robust and descriptive visualization than
is possible in the current system.

This paper will document the stages of the development of VisColl, from its con-
ception to its current instantiation, highlighting the steps taken and the reasoning
behind each new actualization of the project. The current state of development can
be found at the VisColl’s GitHub page (Porter 2016a), which documents each new
build, and from which the project’s code can be downloaded.

2 Proof of concept

In July 2013, work started on the proof of concept for VisColl (cf. Porter 2013). This
was established by taking an existing collation formula schema—i.e. that was devised
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by William Noel (2011) for the Digital Walters project>—and processing it into two
separate visualizations: quire diagrams (showing how leaves pair into bifolia) and
what the project calls Bifolia View, where images of each page are viewed alongside
the other half of the sheet as bifolia (useful in cases where it is not clear whether
the sheets were written/illustrated before or after they were gathered into quires).
In practice these two visualizations were presented together, with a quire diagram
on the left side of a page and bifolia view presented to the right. Outside of digital
practice, this perspective is only achieved by disbinding a manuscript. Figure 2 shows
a diagram of the prototype pipeline: the collation formula (presented as text content of
<formula>) was extracted from the TEI XML and parsed into XML. This collation XML
was then processed along with the TEI XML, and the collation XML was converted
into SVG diagrams while the image files, listed in the <facsimile> section of the
TEI XML, were collected and arranged into bifolia. The bifolia are displayed on an
HTML page with the SVG diagrams embedded alongside. Each quire was presented
on its own web page using a combination of HTML for the page wrapper and SVG
for the quire diagram. Each bifolia was presented in a row with the “active” bifolia
highlighted in the diagram. The images were presented alongside the diagram: first,
with the “inside” of the sheet facing up and then with the “outside” (as though the
sheet were turned over; see fig. 3).

The great benefit of the proof of concept approach is that it enabled the batch
processing of several manuscripts at once. At one point, Porter created visualizations
in a single afternoon for all the manuscripts on the Digital Walters website that
had associated collation formulas. There were, however, several downsides to this
approach. The main problem is that it was entirely dependent on a specific collation
formula schema. Unlike printed books, there is no single standard for manuscript
collation formulas. Although all formulas will contain the same basic information, it
may be presented in various ways.

3 Alpha version

The alpha version of VisColl had two main aims. The first, derived from the proof of
concept, was to move from a formula-based approach to a model-based approach. The
second was to build a system that would be publicly available and easily accessible.
This second aim was a weakness of the proof of concept version. Although the proof
of concept scripts were available on GitHub, with basic documentation on how to run
them, it was difficult for users to run them correctly, especially as the scripts were
not able to process any but the most basically constructed manuscripts. With this in
mind, the alpha version system was built in two parts, with a third step that a user

3 A website making available the digital images and metadata of the manuscripts held at the Walters Art
Museum (The Digital Walters 2016).
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Figure 3: Screenshot of Baltimore, Walters Ms.175, which was visualized with the proof of concept prototype.
Note the two views (inside/outside) for each bifolium, and the collation diagrams, highlighting
which set of leaves are being visualized.
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Gathering diagrams |

O

One-page- Single
per-quire page view
view

Figure 4: Diagram of the alpha version pipeline with its three steps (Collation Modeler, Image List, and
Visualization Generation) and four XSLT outputs (collation formula, collation diagrams, one-
page-per-quire visualization, single-page visualization).
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Home | UPenn Ms. Codex 902 | Quire

Pennsylvania Chansonnier Quire 1
Title Pennsylvania Chansonnier
Shelfmark UPenn Ms. Codex 902

URL http://dla.library.upenn.edu/dla/medren/detail.ntml?id=MEDREN_3559163

Leaves

Leaf 1 fol/pg 1 Mode original s Single n
Leaf 2 fol/pg 2 Mode original : Single n
Leaf 3 fol/pg 3 Mode original : Single a
Leaf 4 fol/pg 4 Mode original s | Single a
Leaf 5 fol/pg 5 Mode original s Single n
Leaf 6 fol/pg 6 Mode original B Single a
Leaf 7 fol/pg 7 Mode original s | Single a
Leaf 8 fol/pg 8 Mode original : Single n

Figure 5: A screenshot of the Collation Modeler showing the complete construction of a quire for UPenn
Ms. Codex 902.

would need to perform on their own. These three steps are: Collation Modeler, Image
List, and Visualization Generation (see fig. 4).

3.1 Collation Modeler

The Collation Modeler,* built in Ruby on Rails by Doug Emery at the University
of Pennsylvania, enables a user to construct and export a collation model, which is
specifically formatted to be input into the Visualization Generation tool. In the current
version of the Collation Modeler, using a form-based interface a user builds a number
of quires and then identifies each leaf in the quire as original (to the manuscript),
added (to the manuscript), missing (from the manuscript) or replaced (the original
leaf having been removed and replaced with another leaf containing the same text as

the original).

4 The publicly accessible Collation Modeler (Collation Modeler 2016) and the Collation Modeler code on
GitHub (Emery 2016).
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An XML file containing the collation model is generated from the Collation Modeler
to be used to create visualizations. In the current version, visualizations can’t be
generated directly from the Collation Modeler, which we recognize as a barrier for
use.

<?xml version="1.0"7>
<manuscript>

<url>http://dla.library.upenn.edu/dla/medren/detail.html?id=MEDREN_3559163</url>

<title>Pennsylvania Chansonnier</title>
<shelfmark>UPenn Ms. Codex 902</shelfmark>
<quire n="1">
<leaf n="1" mode="original" single="false"
position="1" opposite="8"/>
<leaf n="2" mode="original" single="false"
position="2" opposite="7"/>
<leaf n="3" mode="original" single="false"
position="3" opposite="6"/>
<leaf n="4" mode="original" single="false"
position="4" opposite="5"/>
<leaf n="5" mode="original" single="false"
position="5" opposite="4"/>
<leaf n="6" mode="original" single="false"
position="6" opposite="3"/>
<leaf n="7" mode="original" single="false"
position="7" opposite="2"/>
<leaf n="8" mode="original" single="false"
position="8" opposite="1"/>
</quire>
<quire n="2">
<leaf n="1" mode="original" single="false"
position="1" opposite="8"/>
<leaf n="2" mode="original" single="false"
position="2" opposite="7"/>
<leaf n="3" mode="original" single="false"
position="3" opposite="6"/>
<leaf n="4" mode="original" single="false"
position="4" opposite="5"/>
<leaf n="5" mode="original" single="false"
position="5" opposite="4"/>
<leaf n="6" mode="original" single="false"
position="6" opposite="3"/>
<leaf n="7" mode="original" single="false"
position="7" opposite="2"/>
<leaf n="8" mode="original" single="false"
position="8" opposite="1"/>
</quire>
<quire n="3">
<leaf n="1" mode="original" single="false"
position="1" opposite="8"/>
<leaf n="2" mode="original" single="false"
position="2" opposite="7"/>
<leaf n="3" mode="original" single="false"
position="3" opposite="6"/>
<leaf n="4" mode="original" single="false"
position="4" opposite="5"/>
<leaf n="5" mode="original" single="false"
position="5" opposite="4"/>
<leaf n="6" mode="original" single="false"

folio_number="1"
folio_number="2"
folio_number="3"
folio_number="4"
folio_number="5"
folio_number="6"
folio_number="7"

folio_number="8"

folio_number="9"

folio_number="10"
folio_number="11"
folio_number="12"
folio_number="13"
folio_number="14"
folio_number="15"

folio_number="16"

folio_number="17"
folio_number="18"
folio_number="19"
folio_number="20"
folio_number="21"

folio_number="22"

conjoin="8"
conjoin="7"
conjoin="6"
conjoin="5"
conjoin="4"
conjoin="3"
conjoin="2"

conjoin="1"

conjoin="8"
conjoin="7"
conjoin="6"
conjoin="5"
conjoin="4"
conjoin="3"
conjoin="2"

conjoin="1"

conjoin="8"
conjoin="7"
conjoin="6"
conjoin="5"
conjoin="4"

conjoin="3"
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position="6" opposite="3"/>

<leaf n="7" mode="original" single="false" folio_number="23" conjoin="2"
position="7" opposite="2"/>

<leaf n="8" mode="original" single="false" folio_number="24" conjoin="1"
position="8" opposite="1"/>

</quire>

<l [...] -—>

</manuscript>

Listing 2: Example XML code of the collation model for UPenn Ms. Codex 902.

3.2 Image list

The image list is a file required by the Visualization Generation tool. If the user wants
a bifolia view, the image list must include folio numbers or page numbers along with
URLs to the corresponding image file. The system does not import these images,
rather the HTML output points to the image files wherever they reside on the web. If
the user does not need a bifolia view an image list file still needs to be uploaded to
the Visualization Generation tool, but it may be an empty file.

In the alpha version, the image list needs to be built in an Excel spreadsheet with
page/quire numbers in the first column and file URLs in the second column. The file is
saved as an XML spreadsheet, and this file is fed into the Visualization Generation tool
along with the collation model. The Beta Version will enable input in a TEI facsimile
format, which would make it easier for someone working with TEI files.

3.3 Visualization Generation tool

The Visualization Generation tool is a web front-end built on top of an XSLT pipeline
that uses XProc-Z, developed by Conal Tuohy (2016). The XSLT scripts are relatively

| A B
1 |1r http://openn.library.upenn.edu/Data/0001/Ijs101/data/web/0241_0006_web.jpg
2 |1v http://openn.library.upenn.edu/Data/0001/ljs101/data/web/0241_0007_web.jpg
3 |2r http://openn.library.upenn.edu/Data/0001/ljs101/data/web/0241_0008_web.jpg
4 |2v http://openn.library.upenn.edu/Data/0001/ljs101/data/web/0241_0009_web.jpg
5 |3r http://openn.library.upenn.edu/Data/0001/ljs101/data/web/0241_0010_web.jpg
6 |3v http://openn.library.upenn.edu/Data/0001/ljs101/data/web/0241_0011_web.jpg
7 \4r http://openn.library.upenn.edu/Data/0001/ljs101/data/web/0241_0012_web.jpg
8 [ http://openn.library.upenn.edu/Data/0001/Ijs101/data/web/0241_0013_web.jpg
9 |(5r http://openn.library.upenn.edu/Data/0001/ljs101/data/web/0241_0014_web.jpg
10 |5v http://openn.library.upenn.edu/Data/0001/ljs101/data/web/0241_0015_web.jpg
11 |6r http://openn.library.upenn.edu/Data/0001/ljs101/data/web/0241_0016_web.jpg
12 |bv http://openn.library.upenn.edu/Data/0001/ljs101/data/web/0241_0017_web.jpg

Figure 6: Example image list in Excel.
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unchanged from the proof of concept version, except that the first few scripts (which
parsed the collation formula into the proto-collation model) have been removed, as the
processing now begins with the collation model exported from the Collation Modeler.®
The final output script has also been changed, as it now outputs four different views
instead of the single one-web-page-per quire view from the proof of concept. In
addition to the one-page-per quire view, it is now possible to generate the following:
a single page for the whole manuscript (quires can be viewed and hidden at will), a
diagrams-only view without the bifolia view, and a collation formula. In order to use
the Visualization Generation tool, the user must upload both a collation model and an
image list. The system depends on the folio or page numbers in the image list and the
collation model to match. In a few minutes, the system outputs a zip file containing
all four visualizations.®

Even in its imperfect alpha version, VisColl is being used in the community of
manuscript scholars. Most notably, Lisa Fagin Davis is using VisColl in her project to
reconstruct the physical construction of the Beauvais Missal, a late thirteenth-century
liturgical book that was dismembered in 1942, when individual leaves were sold to
institutions and individuals throughout the USA. As of October 2016, Fagin Davis
has successfully reconstructed four quires of this manuscript (Fagin Davis 2016).
Furthermore, Dot Porter and Will Noel at the University of Pennsylvania have used
VisColl in their class for the Rare Book School, “The Medieval Manuscript in the 21st
Century”, and their students have in some cases made new findings with assistance
from the tool (McDowell 2015).

4 Beta version

We are currently working on the beta version of VisColl, with the collaboration of
Alexandra Gillespie and her team at the Old Books, New Science (OBNS) Lab at the
University of Toronto (Gilllespie and Mitchell 2016). In the beta version we will do
three things. First, we will extend the model to include the definition of sets of terms
(i.e., taxonomies) that users can use to describe both physical and textual aspects of
manuscripts. Second, we will add a facility that enables users to link these terms
to the physical components of the manuscript. Third, we are changing the physical
model itself to be more flexible, and to enable more complex physical structures. The
first two changes will be accomplished by creating two new sections in the model: a
Taxonomies section, where vocabularies are defined and selected, and a Maps section,

5 The alpha scripts are still available on GitHub (Porter 2015).
6 Although the Visualization Generation tool does not allow for bulk processing, the scripts that run the
tool are on GitHub and could be used to bulk process multiple collation models (Porter 2016b).
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Show All Quires | Hide All Quires|
Quire 1, Unit 1, 4
Quire 1, Unit 2, 3
Quire 2, Unit 5, 8
Quire 2, Unit 6, 7

Quire 2, Unit 6, 7

Quire 3, Unit 9, 12

Quire 3, Unit 9, 12

Figure 7: Screenshot of single-page view of University of Pennsylvania LJS 101, Periermenias Aristotelis.
Note that all quires are on a single HTML page and the quires may be shown or hidden individually.

Annotation Modules -~ . 1 -----

Taxonomy selection

collation formula

Visualization Modules

Annotation Gathering diagrams |

mapping /\

(down to page -

| I One-page- Single

eve ) per-quire page view
view

Figure 8: Diagram showing the pipeline of VisColl beta version. Note the integration of the Annotation
modules and the possible links with external taxonomies and datasets.
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where terms defined in the taxonomies section are linked to physical pieces of the
manuscript.

4.1 Taxonomies section

In the Taxonomies section, users define lists of terms that describe important physical
or textual aspects of the manuscript, and can then be associated with the physical
components of the manuscript (sides of leaves, whole leaves, quires, and the entire
manuscript). For example, if a manuscript is made of both parchment and paper, the
user can define terms “paper” and “parchment”, then in the model they can label
each leaf with either term as appropriate. Taxonomies can include both defined
by the project (e.g., the five stages of finish on the illustrations in the Illustrated
Hexateuch, cf. Johnson 2000) and defined by external authorities (such as the Getty
Art & Architecture Thesaurus, see The Getty Research Institute 2016; or the Language
of Bindings Thesaurus, see Ligatus Research Centre 2016), opening the project to
integration with Linked Data activities (Heath 2016). Any number of taxonomies can
be defined in this section. Additionally, there are no taxonomies that are native to
or required by the project. This is particularly important, as it allows for maximum
flexibility on the side of the user, i.e., by selecting suitable taxonomy concepts, the
user is able to describe anything in the model without restriction. In the example
code below, the taxonomies section does not include values for semantic tags that are
characteristic of the object, such as specific catchwords or signatures. However this
is actively being addressed for inclusion in the final beta version of the model.

<viscoll>
<taxonomy xml:id="b" xmlns="http://schoenberginstitute.org/schema/taxonomy">
<l—— [...0] ==>
<term xml:id="b5">Deuteronomy</term>
<term xml:id="b6">Joshua</term>
</taxonomy>
<taxonomy xml:id="c">
<label>Page contents</label>
<term xml:id="cl1l">I1lustration</term>
<term xml:id="c2">Text</term>
</taxonomy>
<taxonomy xml:id="c"
ref="http://www.getty.edu/research/tools/vocabularies/aat/">
<label>Getty Art and Architecture Thesaurus</label>
<term xml:id="cl1l" ref="http://vocab.getty.edu/aat/300011851">Parchment</term>
<term xml:id="c2" ref="http://vocab.getty.edu/aat/300014179">Paper</term>
</taxonomy>
<taxonomy xml:id="d" ref="https://www.bl.uk/catalogues/illuminatedmanuscripts/
glossary.asp">
<label>Michelle P. Brown, Understanding Illuminated Manuscripts: A Guide to
Technical Terms (J. Paul Getty Museum: Malibu and British Library: London,
1994), online on the British Library website</label>
<term xml:id="d1" ref="https://www.bl.uk/catalogues/illuminatedmanuscripts/
GlossH.asp#hairside">Hair side</term>
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<term xml:id="d2" ref="https://www.bl.uk/catalogues/illuminatedmanuscripts/
GlossF.asp#fleshside">Flesh side</term>

</taxonomy>

<taxonomy xml:id="e">

<label>State of Finish (defined by Withers 2007)</label>

<term xml:id="el">Stage 1</term>

<term xml:id="e2">Stage 2</term>

<term xml:id="e3">Stage 3</term>

<term xml:id="e4">Stage 4</term>

<term xml:id="e5">Stage 5</term>

</taxonomy>

<l [...] ==>

</viscoll>

Listing 3: Taxonomy section. Note that taxonomies are the responsibility of the user. They may be created
by the user (“Page contents”, “State of Finish”) or may be drawn from formal schemas (“Getty
Art & Architecture Thesaurus”, “Understanding Illuminated Manuscripts”).

4.2 Mapping section

The Mapping section links terms defined in the Taxonomy section to the physical
components of the manuscript: sides of leaves, whole leaves, quires, or the entire ma-
nuscript. This creates reference links between semantic tags and physical components
of the manuscripts. In the working version (see listing 4) the map identifies leaves
by quire number and leaf in the quire (i.e., the third leaf of quire one is identified as
@leaf="1.3") and the side is indicated by @side="r" or @side="v". Moving forward
we will replace this physical identification with pointers to unique identifiers in the
collation model, and thus the map will simply be a space for linking together physical
components and terms, rather than defining the physical components in any way
itself.

<mapping>
<m§z lgaf="1.2" side="r">
<term target="#c2 #bl #e5"/>
</map>
<4app1eaf:"l.2" side="v">
<term target="#c2 #e5 #bl"/>
</map>
<mapp1eaf="l.3" side="r">
<term target="#cl #e5 #bl #d1"/>
</map>
<éappleaf:"l.3" side="v">
<term target="#cl #c2 #e5 #bl #d1"/>
</map>
<mapp1eaf:"l.4" side="r">
<term target="#cl #c2 #e5 #bl #d2"/>
</map>
<4appleaf="l.4" side="v">
<term target="#cl #c2 #e5 #bl #d1"/>
</map>
<mappleaf:"l.5" side="r">
<term target="#cl #c2 #e5 #bl #d1"/>
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</map>
<map leaf="1.5" side="v">

<term target="#cl #c2 #e5 #bl #d1"/>
</map>
<map leaf="1.6" side="r">

<term target="#cl #c2 #e5 #bl #d2"/>
</map>
<map leaf="1.6" side="v">

<term target="#cl #c2 #e5 #bl #d3"/>
</map>
<l [0 ] ==>
</mapping>

Listing 4: Mapping section links the taxonomies (the values of @target) to quires, leaves, and pages. The
next version of the collation map will assign unique identifiers to leaves and these ids will be
used in the map.

The taxonomy and mapping modules allow for the expansion of VisColl beyond the
presentation of information, and permit the end user to add knowledge in a way that
is directly linked with the physicality of manuscripts. This kind of annotation on a
page-by-page basis is not novel per se in manuscript studies (cf. Németh 2015, 309-12,
table 6, and Corbach 2013, 27-33, table 1), but for the first time, with VisColl, annota-
tions can be added electronically and then consistently linked with the appropriate
parts of manuscripts. Additionally, allowing the use of externally defined Link Data
taxonomies fosters collaboration and opens data for further research beyond specific
manuscripts and repositories, breaking data free of information silos.

4.3 Collation model

Additionally, at the time of writing, the XML schema behind the Collation Modeler is
being totally restructured. Moving away from quires as basic units, the new model
considers leaves and stubs as atomic elements—which together form folios, bifolia,
quires, and bookblocks—in order to accommodate for those complex structures, a
sign of the complicated lives, often found in manuscripts; structures such as that
depicted in figure 9, with quires within quires and pasted singletons, are rarely (if
ever) encoded in collation formulas. Another element that is not encoded in formulaic
quire assembly descriptions, but that is indispensable to understand non-standard and
complex quire structures, is the leaf attachment method. Leaves can either be sewn
or pasted/glued together to form quires and bookblocks. The new model provides
means to indicate the attachment method of each leaf (sewn being the default option),
and this will in turn allow the end user to describe and visualize unambiguously
exceptionally complex structures.

Finally, in the near future, it is hoped that the collation model within VisColl and
its visualization and annotation modules might be integrated with the International
Image Interoperability Framework (IIIF - 2016), since such a partnership would be
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Figure 9: Example of complex manuscript quire structure (Vatican Library, Ferr.208, quire 1). Sewn leaves
are indicated by a line representing the sewing thread; shaded areas indicate pasted leaves.
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beneficial to both projects. Currently, the IIIF presentation API (Appleby et al. 2012)
leverages the Shared Canvas Model (Sanderson and Albritton 2013) and the Web
Annotation Data Model (Sanderson et al. 2017), and this accommodates annotation
practices, which, by virtue of integrating seamlessly the principles of Linked Data
and the Architecture of the Web (Jacobs and Walsh 2004), are perhaps more robust
than VisColl annotations alone. The Shared Canvas Model, however, is incapable
of representing the connections between different canvases (i.e. different pages of a
manuscript) beyond being in a sequence. Integrating this representation model with
the VisColl collation model would preserve both IIIF’s robust annotation procedures
and VisColl’s effective representation of the actual structure of codices.

5 Conclusions

Since its initial conception in the mid-2000s through its implementation in 2013 up to
current work on the beta version, VisColl, with its conceptual design and front-end
usability, has been developed primarily for scholars who work with manuscripts. The
project has brought together manuscript scholars, librarians and curators, conservat-
ors, and software developers, and serves as an example of the synergistic outcomes
possible with interdisciplinary collaboration. Collaboration has increasingly brought
flexibility into the project, widening its scopes to accommodate a diverse range of
activities typical of specific disciplines that have the study of manuscripts at their
core. This should not come as a surprise since the quire assembly is central to the
production of codices, and its study is therefore fundamental for all disciplines within
manuscript studies (and beyond). This collaborative effort will continue as we finalize
the back-end design and modeling challenges and through the development of more
ways to effectively visualize the new data brought into the beta version.
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Advances in Handwritten Keyword Indexing and
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Enrique Vidal

Abstract

Many extensive manuscript collections are available in archives and libraries all over
the world, but their textual contents remain practically inaccessible, buried under
thousands of terabytes worth of high-resolution images. If perfect or sufficiently
accurate text-image transcripts were available, textual content could be indexed
directly for plaintext access using conventional information retrieval systems. But
the results of fully automated transcriptions generally lack the level of accuracy
needed for reliable text indexing and search purposes. Additionally, manual or even
computer-assited transcription is entierely unsustainable when dealing with the
extensive image collections typically considered for indexing. This paper explains
how accurate indexing and search commands can be implemented directly on the
digital images themselves without the need to explicitly resort to image transcripts.
Results obtained using the proposed techniques on several relevant historical data
sets are presented, clearly supporting the considerable potential of these technologies.

Zusammenfassung

Auf der ganzen Welt halten Archive und Bibliotheken umfangreiche Sammlungen
handschriftlicher Dokumente bereit. Doch bleiben deren Inhalte praktisch unzu-
génglich, verborgen unter tausenden von Terabytes hochaufgeloster Bilder. Gabe
es gute oder halbwegs verlissliche Text-Bild-Trankriptionen, lieflen sich die jewei-
ligen Inhalte tiber herkémmliche Systeme zur Informationsriickgewinnung direkt
indizieren und somit Zugénge zu entsprechenden Plaintext-Fassungen erméglichen.
Leider sind die Ergebnisse voll-automatisierter Transkriptionsverfahren zu ungenau,
als dass sie sich fiir eine zuverldssige Textindizierung und Suche eigneten. Hinzu
kommt, dass manuelle oder gar computergestiitzte Transkriptionsverfahren keine
Nachhaltigkeit aufweisen, gerade wenn es sich um Bildsammlungen handelt, die
aufgrund ihres groflen Umfangs fiir eine Indizierung in Betracht gezogen werden.
Dieser Artikel erldutert, wie verléssliche Indizierungen und Suchfunktionen unmit-
telbar auf den Bilddigitalisaten implementiert werden kénnen, ohne dass dafiir auf
Bildtranskriptionen zuriickgegriffen werden muss. Es werden Ergebnisse vorgestellt,
die unter Anwendung der hier vorgestellten Technologie auf verschiedene historisch

Kodikologie und Paldographie im Digitalen Zeitalter 4 — Codicology and Palaeography in the Digital Age 4. Hrsg. Hannah
Busch, Franz Fischer und Patrick Sahle, unter Mitarbeit von Bernhard Assmann, Philipp Hegel und Celia Krause. Schriften
des Instituts fiir Dokumentologie und Editorik 11. Norderstedt: Books on Demand, 2017. 103-119.
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bedeutsame Datensitze erzielt worden sind und deren erhebliches Potential klar
unter Beweis stellen.

1 Introduction

Handwriting is, in a way, like speaking, but in contrast to spoken language the written
word has the property that it does not vanish immediately as it is preserved in textual
form. In the centuries since humanity discovered such a convenient way of persistent
communication, large amounts of handwritten documents have been produced. In
fact, it is argued that the accumulated amount of handwritten text so far is larger
than the available amount of machine-written text today (copies excluded), including
modern digital-born text. Notwithstanding the questionability of this conjecture, it is
fairly probable that our current knowledge of the history of human societies, based
on the infinitesimal amount of handwritten text that has painfully been transcribed,
might be rather limited.

In recent years, large quantities of historical manuscripts have been digitised and
made available through web sites of libraries and archives all over the world. As
a result of these efforts, many massive image collections of textual documents are
available online. Irrespective of these efforts and the interest in their products, unfor-
tunately these digitisations are largely useless for their primary purpose: exploiting
the wealth of information conveyed by the text captured in the images. Therefore,
there is a fast growing interest in automated methods which allow users to search for
relevant textual information contained in these images.

In order to use classical text information retrieval approaches, a first step would be
to convert the text images into digital text. Then, image’s textual content could directly
be indexed for plaintext access. However, OCR technology is completely useless for
typical handwritten text images - and the results of fully automated transcriptions
obtained using state-of-the-art handwritten text recognition (HTR) techniques lack the
level of accuracy needed for reliable text indexing and search purposes (Vinciarelli et
al. 2004; Graves et al. 2009; Romero et al. 2012).

An alternative to fully automatic processing is to rely on computer-assisted tran-
scription. This was successfully explored empirically by Toselli et al. (2017), Romero
et al.(2012) and Alabau et al. (2014), following new, powerful concepts of pattern
recognition-based human-machine interaction introduced by Vidal et al. (2007) and
Toselli et al. (2011). Following the positive results of these laboratory studies, prelim-
inary evaluation by real users was carried out by Toselli et al. (2016). In this case, a
historical botany book of about one thousand pages was fully transcribed interact-
ively in less than three months by a team composed of one paleographer and four
paleography students. In the past four years, the TRANScRIPTORIUM (Transcriptorium)
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project, has further explored the capabilities of these automatic and interactive HTR
(IHTR) technologies to accelerate the conversion of raw text images into electronic
text. These successful studies are now being continued within the recently started
READ project.

Working conclusions from all studies mentioned above state:

a) To some extent, fully automatic transcripts of text images can be useful for plaintext
indexing and search purposes. However, in many historical text image collections
of interest, the typical level of transcription accuracy achieved severly hinders
the search recall; i.e., the system’s ability to ensure that all or most of the images
which contain a given query text can actually be retrived is limited.

b) Similarly, the fully automatic transcription of most historical text images does not
reach the level of accuracy needed for typical scholarly editions of the correspond-
ing image collections.

c¢) Inboth cases, the required level of accuracy can obviously be obtained by means of
additional user effort. If manual editing work is to be done, rather than just letting
the users edit the noisy automatic transcripts, IHTR can be used to cost-effectively
provide the desired transcription accuracy.

d) IHTR can significant reduce manual efforts regarding the edition of the automatic
transcripts. But the overall effort demanded by IHTR is still substantial. Therefore,
while THTR is proving useful to produce scholarly editions of moderately sized
historical collections, the required effort to handle extensive image collections
targeted by indexing and search commands is entierely unsustainable.

This situation raises the need of search approaches specifically designed for large
text image collections. In these approaches, on the one hand, indexing and search
must be directly implemented in the images themselves, without explicitly resorting
to image transcripts. On the other hand, rather than “exact” searching (as possible in
plaintext), search queries have to be performed with a confidence threshold, somehow
specified by the user as part of the query in order to meet the precision-recall trade-off
which is considered most adequate in each query.!

Clearly, such a confidence-based query model cannot be properly implemented just
by using conventional textual information retrieval methods on the noisy output of
an automatic HTR system. Therefore, recognition techniques are needed which attach
confidence measures to alternative word recognition hypotheses. Keyword spotting
(KWS)? is a traditional way to address search problems within this framework. More

Depending on the application, confidence thresholds can be specified more or less explicitly. For
instance, in cases where results are provided in the form of ranked lists, the threshold is indirectly
defined by the size of the list.

2 See Manmatha et al. 1996; Rath and Manmatha 2007; Cao et al. 2009; Rodriguez-Serrano and Perronnin
2009; Kamel 2010; Fischer et al. 2012; Frinken et al. 2012; Wshah et al. 2012; Toselli and Vidal 2013a;
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precisely, KWS aims to determine locations on a text image collection which are likely
to contain an instance of a queried word, without explicitly transcribing the images.

KWS is generally qualified as a Query-by-Example (QbE) or a Query-by-String
(QbS), depending on whether the query word is specified by means of an example-
image or just as a character string respectively. While the QbE scenario can be
useful in some applications, it is clearly not adequate for our purposes of indexing
and search in large image collections. Therefore, in this paper we adopt the QbS
framework. Moreover, it has been shown by Vidal et al. (2015) that highly accurate
QbS performance can be achieved easily by exclusively using QbS technology.

Traditional work on handwritten KWS assumed previous segmentation of the text
images into word image regions. However, word pre-segmentation is impossible for
millions of historical manuscript images of interest and, even in favorable cases, it is
quite prone to errors (Manmatha and Rothfeder 2005; Papavassiliou et al. 2010) which
generally result in poor overall KWS performance (Ball et al. 2006). To overcome
this important drawback, recent works® assume the (non-segmented) line image as
the lowest search level. This is a convenient setting because, in most cases, text
images can be segmented fully automatically into lines with appropriate accuracy
(Papavassiliou et al. 2010; Bosch et al. 2012) and lines are sufficiently precise as target
image positions for most practical textual image search and retrieval applications.
Nevertheless, a fixed line segmentation can also be problematic in many cases and is
nowadays considered perhaps the most severe bottleneck to achieve fully automatic
processing of handwritten images for KWS and HTR alike. For this reason, our current
work aims at indexing full pages in an attempt to circumvent the need for any kind
of image segmentation alltogether.

On the other hand, most of the techniques which have been proposed for KWS
can be considered to belong to one of these two broad classes: training-based and
training-free. Training-based KWS methods are generally based on statistical optical
(and language) models and typically adopt the QbS paradigm. Conversely, most
training-free techniques are based on direct (image) template matching and assume
the QbE framework.

The approaches proposed here are training-based and therefore need a certain
amount (tens to hundreds) of manually transcribed images to train the required
optical and language models. Additionally, they may benefit from the availability of
collection-dependent lexicons and/or other specific linguistic resources. Our target
applications are those involving large handwritten collections, where the effort or cost
to produce these resources would pay off the benefits of making the textual contents
of these collections readily available for exploration and retrieval.

Puigcerver et al. 2016; Toselli et al. 2016.
3 See Kolcz et al. 2000; Terasawa and Tanaka 2009; Fischer et al. 2012; Frinken et al. 2012; Wshah et al.
2012; Toselli and Vidal 2013a; Toselli et al. 2016.
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Figure 1: A hierarchical indexing and search model for handwritten text image collections. The top level in
this illustration is a collection of books and the lowest level are line-shaped image regions. The
specific levels of a hierarchy should be defined according to the characteristics of the document
collection and search task considered.

2 Proposed indexing and search technology

An overview of the ideas behind the indexing and search technology we are developing
is presented in this section. As previously stated, this technology assumes the precision-
recall trade-off search model which requires word confidence measures computed for
adequate regions of the text images of interest. Firstly, I will elaborate how these
regions can be conveniently organized hierarchically and later I will explain how the
required word confidence measures are computed.

A hierarchical indexing model

Indexing extensive document collections clearly calls for a hierarchical organization
of indices. The lowest hierarchical level should consist of sufficiently small and
meaningful image regions, such as text blocks (paragraphs) or lines. Figure 1 illustrates
these concepts.

This kind of hierarchical organization of searchable text image regions entails
important demands for the underlying precision-recall trade-off search model. Spe-
cifically, the word confidence measures must be defined properly, not only at the
lowest level of the image region, but at every level of the hierarchy. In addition, con-
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Figure 2: Pixel-level posteriorgram, P, for a text image X and word v ="matter".

fidence measures must be properly normalized and homogeneous across hierarchy
levels. Clearly, when a user is searching for a certain word his or her intuition about
what a confidence level of e.g. 0.7 (70%) means should be the same whether he or
she is searching for books in a book collection, for pages of a book, or for specific
lines on one page of this book. This stands in direct opposition to the much less
demanding confidence measure requirements entailed by conventional flat indexing
models, which typically aim only to produce a ranked list of probable image regions
retrived for each given query.

To fulfil the requirements discussed above, our techinques are being developed
within a sound statistical KWS framework which supports the computation of confid-
ence measures with the required properties, as explained below.

Pixel-level word confidence measures: the “posteriorgram”

The proposed approach relies on the basic concept of a pixel-level “posteriorgram”.
In a nutshell, this is a probability map computed for a given image X and a possible
query word v. At each position (i, j) of X, the posteriorgram provides the posterior
probability that the word v is written in some subimage of X which includes the pixel
(i, j). Figure 2 illustrates this concept.

The value of P at each image position (i, j) can be easily obtained by statistical
marginalization. Simply put, the idea is to consider that v may have been written
in any possible bounding box of the image X which includes the pixel (i, j). The
marginalization process simply adds the word recognition probabilities for all these
bounding boxes. This means that a posteriorgram could simply be obtained by
repeated application of any word classification system capable of recognizing isolated
(pre-segmented) words. It goes without saying, however, that the better the classifier,
the better the corresponding posteriorgram estimates.
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Directly obtaining a full pixel-level posteriorgram in this way entails a formidable
amount of computation. However, as will be discussed later, it can be efficiently
computed by clever combinations of subsampling of the image positions (i, j) and
adequate choices of the marginalization bounding boxes.

In our approaches we use fully fledged holistic HTR systems to compute the
required isoloated word probabilities. This allows us to take advantage of the linguistic
context to obtain accurate word classification probabilities. In figure 2, a contextual
word classifier based on an n-gram language model was used to compute P for the
word "matter". This query led to comparatively low probabilities of X around (i=
100, j=200) in an region in which the similar (but different) word "matters" appears.
According to the language model, the 2-grams "the matter" and "matter of" are
highly predictable, thereby boosting the probability that the word "matter" exists in
these exact image regions. Conversely, the 2-grams "It matter" and "matter not"
are highly unlikely, resulting in low pixel probabilities in the image region where the
different word "matters" appears (the results would roughly be reversed should the
query word be "matters" instead).

Image region word confidence measures

Posteriorgrams can be used directly for KWS: given a confidence threshold 7, a
word v is only spotted in image positions (i, j) where P is bigger than . Altering
this threshold, adequate precision—recall trade-offs can be achieved. However, this
approach is not feasible for large image collections as indexing word confidences for
every image pixel would be impossible. For indexing purposes, what we really need
is the confidence that a word v is written within a pre-specified image region such
as a line, a column, or a full page, without explicitly taking into account the exact
location of a word in this specific region or the number of locations in which the
word may appear. In information retrieval terminology, this is called “relevance”. For
each image region to be indexed we need to obtain the probability that it is relevant
for the given query word.

The process of exactly computing relevance probabilities can become a complex
endeavor. Nevertheless, a comparatively simple and intuitively appealing approach
is to compute the region relevance probability for a word v just as the maximum
pixel-level probability for v over the whole region. For instance, if the whole X in
figure 2 were considered a region to be indexed, the probability that X is relevant for
the query "matter" is adequately approximated by the maximum of the four picks of
the posteriorgram illustrated in this figure.

Choosing adequate minimal searchable image regions: line-level KWS

In our work so far, line-shaped regions have been adopted as the smallest and hierarch-
ically lowest image elements to be indexed. From the user perspective, lines are target
image positions sufficiently precise for most document image search and retrieval
applications. From a technical perspective, on the other hand, line-shaped image
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regions are particularly useful as they enable efficient computation of posteriorgrams
by adequately choosing the bounding boxes needed for the underlying marginaliz-
ation process. Moreover, in many cases text lines are fairly regular and standard
line segmentation techniques can be used to automatically determine line-shaped
image regions with fair accuracy. Finally, and most importantly, line-shaped text
image regions typically contain most* of the relevant lingusitic context needed for
precise computation of word classification probabilities using a recognizer based on a
language model, as discussed below.

Efficient computation of posteriorgrams and relevance probabilities

In our approach, line-level posteriorgrams are computed most efficiently using Word
Graphs which are generated as a byproduct of recognizing full line region images with
a fully-fledged holistic HTR system based on optical character models and (N-gram)
Language Models (Toselli et al. 2016). When applied to a line-shaped image region,
these systems can take full advantage of the lingusitic context to provide accurate
word classification probabilities. On the other hand, a WG obtained in this manner
provides a large number of alternative horizontal word-level segmentations. These
segments directly define adequate sets of bounding boxes; just as those required by
the marginalization process used to compute the posteriorgrams.

Line-region relevance probabilities are directly computed from the corresponding
posteriorgrams, as explained above. They can in turn be combined easily and consist-
ently to obtain page-level relevance probabilities (such as ... for chapters, books, etc.,
as needed for hierarchical indexing).

3 Laboratory results

Many collections of historical manuscript images have been considered for testing the
proposed indexing and search technologies. Most of our research was pursued within
the TRANSCRIPTORIM project mentioned in section 1. The features of the data sets
used in the experiments, the assessment measures adopted, and the results obtained,
are presented in this section.

Data sets

A description summary and examples of the different data sets used in the exper-
iments mentioned in this paper is given in figures 3-7. The first three data sets
(PLaNTAS, BENTHAM and AUSTEN) correspond to collections which are comparatively
modern (XVII-XIX century), entailing similar, relatively minor challenges in terms of
writing style, homogeneity and language use. The last two data sets (ALcArRAZ and

4 Most, but not all: Linguistic context is obviously lost and the line boundaries. This problem is being
considered towards upcoming developments of handwritten search and retrieval technologies.
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Number of: Total
Pages 881
Lines 19764
Running words 196 858
Size of lexicon 20931
Running characters 756 122
Size of character set 77

Figure 3: “PLANTAS”, XVII century Botanical Specimen Manuscript Collection of seven volumes written
by a single writer in Old Spanish; page image examples and data set used for experiments on
Vol. L

WiIENSANKTULRICH) correspond to more challenging early modern image collections
exhibiting many of the difficulties entailed by medieval writing styles. The results of
these laboratory experiments are presented in this section.

Further information regarding these data sets and the corresponding full collections
can be found on the TRANSCRIPTORIUM web site (see section 1).

Evaluation measures
The standard recall and interpolated precision measures (Manning et al. 2008) are used
to assess the effectiveness in all search experiments.

For a given query and confidence threshold, recall is the ratio of relevant image
regions (lines) correctly retrived by the system (often called “hits”) with regard to the
total number of relevant regions existing in the set of test images. Precision, on the
other hand, is the ratio of hits with regard to the number of regions retrieved (both
correctly or incorrectly).

By altering the confidence threshold, different related values of recall and precision
can be obtained. These values can be plotted as a Recall-Precision curve. In a perfect
system, this curve would rise vertically from point (1, 0) to (1, 1) before plateauing to
(0, 1). Such a system should exhibit a full precison (1) independently of the confidence
threshold. This would, in fact, be the behaviour of a conventional plaintext retrieval
system tested on perfect transcripts of the images of the test set. A reasonable KWS
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Number of: Total
Pages 433
Lines 11473
Running words 106 905
Size of lexicon 9717
Running characters 550 674
Size of character set 86

Figure 4: “BENTHAM?”, XVIII century collection of over 4,000 volumes of drafts and notes, written in
English by several writers; page image examples and data set of 433 selected page images used in

the experiments.

Figure 5: “AUSTEN”, Jane Austen’s Juvenilia: XVIII century single hand manuscript in English; page image
examples and “Volume The Third” data set used in the experiments.

Number of: Total
Pages 128
Lines 2693
Running words 25291
Size of lexicon 3567
Running characters 118 881
Size of character set 81
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Close to 1000 page images; miscellaneous

hands, complex writing

About 30% loosely abbreviated words.

« Experiments on 44 pages, cross-validation
test

« Lexicon & Query set: approx. 3400
keywords

« Training with diplomatic transcripts

Figure 6: “ALCARAZ”, XVI century Spanish Inquisition trial against Pedro Ruiz de Alcaraz; example page
images and details of the data set used in the experiments.

« Tens of thousands of two-column pages;
single hand, but mixed script compelex writ-
ing

« Experiments on 52 pages, cross-validation
test

o Lexicon & Query set: approx. 2300
keywords

« Training with diplomatic transcripts

Figure 7: “WienSanktUlIrich”, XVI century German/Latin handwritten birth records (Wien). Example page
images and details of the data set used in the experiments.

system should provide curves that rise beyond the graph’s diagonal - the closer it
gets to the upper right corner (point (1, 1), the better.

Results are also reported in terms of overall average precision (AP) and mean AP
(mAP) obtained by calculating the area under the Recall-Precision curve. Both AP
and mAP are popular scalar assessment measures for KWS.?

Results
Indexing and search results for the data sets described above are presented in figures 8
and 9. The results visualized in figure 8 correspond to the relatively modern (and
less problematic) data sets (PLaNTAS, BENTHAM and AUSTEN). For the purpose of
comparison, the results of figure 8 are also summarized (as gray curves) in 9, which
mainly shows the results of the more challenging early modern data sets (ALCARAZ
and WIENSANKTULRICH)

In the case of the AUSTEN data set, two experiments were carried out. In the first
one, we adopted a conventional training-testing setting; i.e. KWS models were trained
with annotated data of the same collection and performance was measured on an

5 For details on these assessment measures see Toselli et al. 2016.
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— Recall-Precision curves Data sets training and test details

— Average Precision (AP)

— Mean Average Precision (nAP) + BENTHAM: miscellaneous hands. Training:
400 pages from Bentham, 87 char. HMMs, 2-
gram LM trained on Bentham texts; Lexicon

\ 9341 tokens.
0.8 N\ Test: 33 pages; query set: 6 962 keywords
\ « PrLantas (Vor-I): single hand. Training:

224 pages from Plantas, 77 char. HMMs, 2-

& —— BENTHAM . . ..
. 06 AP=0.88, mAP=0:94 gram LM trained with the training set + book
:% PLANTAS glossary transcripts. Lexicon 11561 tokens.
S o4 AP=0.86, mAP=0.81 Test: 647 pages; query set: 9 945 keywords
A % [ —— AusTEN \ « AUSTEN: single hand. Training: 50 Austen
AP=0.81, mAP=0,74 \ pages, 81 char. HMMs, 2-gram LM trained on
—— AUSTEN-B Austen texts; Lexicon 20K tokens.

« AUSTEN-B: single hand. No training; us-

0 : : ing Bentham character HMMs, lexicon and
0 02 04 06 08 1

Recall: p Test & query set: Same as for AUSTEN

0.2 AP=0.71, mAP=0.66
| : \\ \ Test: 78 pages; query set: 2281 keywords

Figure 8: Results on XVII-XIX century manuscript image collections

independent test set of the same collection. In the second experiment (AUSTEN-B),
we used models which had been trained with transcribed BENTHAM images (the same
used for the experiment with the BENTHAM data set) to index the images of the test
set of the AUSTEN collection. This experiment was aimed at exploring whether a
handwritten image collection can be indexed fully automatically without previous
training an that particlular collection by using KWS models previously trained with
images of similar handwritting styles.

Good test results were achieved for all data sets. As expected, the results for the
more difficult early modern data sets were less satisfying. However, even with this
outcome the system can be used in practice to reliably find relevant information.
The results for AUSTEN without training (i.e. using models trained for other, similar
collections) were also somewhat inferior to those obtained with proper training with
Austen data, but they still suffice to guarantee a successful use in practice.

Overall, the results presented above are competitive in comparison to results
mentioned in the literature for classical KWS systems.” However, one may argue
that these good laboratory results may not translate into a similarly satisfying prac-

® The writing style of AUSTEN was similar to the style of some of the writers of the BENTHAM collection
(written in the same language and historical period).

See Rath and Manmatha 2007; Rodriguez-Serrano and Perronnin 2009; Fischer et al. 2012; Frinken et al.
2012; Wshah et al. 2012; Toselli and Vidal 2013b; Toselli et al. 2016.
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Figure 9: Results on early modern collections of manuscript images.

tical search experience. Considering, for instance, the search for information in
the WIENSANKTULRICH collection, the user will try to find names of persons, cities,
or possibly professions. In this scenario, an operational point such as Recallx 0.7
and Precision~ 0.9 (see fig. 9) would fail to retrieve an average of 30% of the lines
containing the query word, while about 10% of the retrieved lines would be false hits.

Several factors, however, contribute to a search experience much more positive
than would be expected from these numbers. Firstly, searching for information in ma-
nuscript images can by no means be compared to conventional information retrieval
where there is no uncertainty about the query words contained in the (electronic text)
documents. In manuscript images the only approach generally available nowadays
is a manual search; this entails visually scanning each of the (maybe thousands or
millions) page images whilst trying not to miss image regions containing the query
word. Here, even an Average Precision (AP) as low as 0.5 may prove extraordinarily
useful in comparison to the basis of a manual search. Secondly, the results of figure 9
are averaged for a query set of 2256 words. This set contains every token seen in
training and in the test sets, including function words and many other words (shorter,
more difficult to spot) which are not usually query targets. For proper names, results
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turn out generally better (but more experiments need to be conducted to objectively
validate this assertion). Finally, given the precision-recall trade-off search model, the
user is not expected to be content with a fixed operational point. Depending on the
interest in finding only some, or most of, the occurrences of a given query word, the
user will try increasing or decreasing threshold values until he or she is satisfied with
the results and/or acknowledges to have met the limitations of the system.

The demonstration systems described in the next section can be used to gain first-
hand experience of the capabilities of the systems in question and the significance of
the results presented in this section.

4 Demonstration systems

The indexing and search engines used to obtain the results presented in section 3
are also used to support demontstration systems which can be publicly accessed
online. Most of these demonstrators are available via the demonstrations section of
the TRANSCRIPTORIUN web site or via the following direct link:

http://transcriptorium.eu/demots/kws

It has to be be pointed out, however, that the demonstration for the PLANTAS
collection does not include the first volume of the collection which was used in
the laboratory experiments presented in the previous section.® In this case, the
demonstrator is a working system proper, useful to find information in the about
1000 pages of the untranscribed Vol. VII of the same PLANTAS collection. The optical
and language models trained with pages of Vol.I and used to conduct the laboratory
experiments were used to index the new, untranscribed Vol. VII fully automatically.
Hence, this demonstrator can be seen as a typical and fitting example of the manifold
possibilities provided by the technology presented in this paper.

5 Conclusion and outlook

A formal probabilisitic framework has been introduced for hierarchical indexing and
searching large collections of handwritten documents. Empirical results with a variety
of historical collections exhibiting differnet challenges and levels of complexity assess
the usefulness of these methods in practice. Models trained for a given collection can
provide a useful performance on images from other similar collections without need
for (re-)training. Several demonstrators have been implemented and made publicly
available online to allow first-hand experience in real queries.

8 An older demonstration for Vol.I of PLANTAS is available at <http://cat.prhlt.upv.es/kws-demos>.
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Future endeavors are planned to adress the following issues:

« So far, line-regions are considered the most fundamental elements to be indexed.
This entails a requirement for automatic line detection and extraction. While
there are fairly accurate automatic line detection techniques for textual data,
results lack stability; these techniques are not stable enough to reliably tackle the
significant variability in image quality and layout usually exhibited by historical
manuscripts. Hence, at times a number of page images may appear in which line
detection has failed drastically. As a result, these pages remain unindexed. Our
current work aims at considering full page images as the lowest indexing level in
an attempt to completely circumvent the line detection bottleneck.

«+ Techniques presented here require a predefined, possibly very large register of
words to be indexed. Three approaches are currently being developped in order
to overcome this limitation:

. Probability smoothing techniques based on word similarities derived from
character confusion probabilities

« A back-off approach carrying out a computationally more extensive
character-level search for queries involving non-indexed words

. Do not longer insist in indexing given keywords; instead, find all the text
elements which are likely to be “words” and just index all these “pseudo-
words” blindly.

« All techniques and experiments described in this paper assume that a user query
has the length of a single word. The development of techniques for multiple
word and combined queries is currently in progress. Boolean and word sequence
combinations in particular are already supported and formal evaluation results
will be available in due course.
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Tracing: A Graphical-Digital Method for Restoring
Damaged Manuscripts

Dariya Rafiyenko

Abstract

Different kinds of graphical properties of manuscripts such as layout, marginalia,
handwriting or text decorations are crucial for the palaeographic and philological
analysis thereof. These properties help to locate the manuscript in time and space,
as well as enhance the philological analysis of the text. However, in the case of
ancient historical documents, this can be considerably impeded by various kinds
of damages such as deterioration, erasure, moulds, fading, staining or overwriting,
just to name a few. The aim of this paper is to provide a new and handy method for
digital reconstruction referred to as Tracing that allows quite accurate reconstructing
of the original graphical appearance of a damaged manuscript without requiring
considerable technical expertise. Tracing is a non-invasive method that crucially
relies on high-resolution digital images of the manuscript. Its application is illustrated
here on the basis of the palimpsested manuscript Vaticanus graecus 73. Tracing was
employed in order to restore the earlier, underlying text layer (scriptio inferior) on 12
folios or 24 pages. The results are quality images of the reconstructed manuscript
pages that faithfully render the graphical properties of the original. These images
may immediately be used for palaeographical and philological analyses.

Zusammenfassung

Fiir die paldaographische und philologische Analyse von Handschriften sind mit dem
Layout, den Marginalien, der Form der Handschrift oder der Textausschmiickung
ganz verschiedene Arten graphischer Merkmale von grofier Bedeutung. Das Ver-
standnis dieser Eigenschaften unterstiitzt nicht nur die Verortung von Handschriften
in Zeit und Raum, sondern kommt auch der philologischen Analyse zugute. Bei
manchen, besonders bei dlteren Handschriften kann dies durch verschiedene Arten
von Beschiadigungen behindert werden: Verfall, Verblassung, Verfarbung, Ausradie-
rung, Flecken oder Uberschreibung — um nur einige zu nennen. Dieser Beitrag stellt
mit der Nachzeichnung eine praktische Methode fiir die digitale Rekonstruktion
vor, die eine getreue Nachbildung des urspriinglichen graphischen Erscheinungs-
bildes erlaubt ohne besondere technische Kenntnisse zu erfordern. Nachzeichnung
ist ein nicht-invasives Verfahren, das entscheidend von hoch aufgeldsten digitalen

Kodikologie und Paldographie im Digitalen Zeitalter 4 — Codicology and Palaeography in the Digital Age 4. Hrsg. Hannah
Busch, Franz Fischer und Patrick Sahle, unter Mitarbeit von Bernhard Assmann, Philipp Hegel und Celia Krause. Schriften
des Instituts fiir Dokumentologie und Editorik 11. Norderstedt: Books on Demand, 2017. 121-135.
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Abbildungen der Handschriften abhangt. Die Anwendung wird hier am Beispiel
der Palimpsest-Handschrift Vaticanus graecus 73 vorgefuhrt. Die Nachzeichnung
wurde hier angewandt, um den fritheren, zuunterst liegenden Text (scriptio inferior)
auf 12 folios oder 24 Seiten wiederherzustellen. Das Ergebnis sind gute Bilder der
rekonstruierten Handschriftenseiten, die die graphischen Eigenschaften des Originals
getreu wiedergeben. Diese Bilder konnen unmittelbar fiir die paldographische und
philologische Analyse genutzt werden.

1 Introduction

Examination of historical documents is often impeded by various damages of the
manuscript, for instance, by fading, staining, bleed-through, moulding, palimpsesting,
and other forms of mutilation. In this paper, I primarily focus on palimpsested
manuscripts that are frequently found in the Greek, Armenian, Georgian or Syriac
traditions (Maniaci 2015, 73) and present a particularly complex case of damage: in
the process of palimpsesting, the text is intentionally scraped or washed off so as
to reuse the pages for copying new texts (Thomson 1912, 64-66). Needless to say,
damages resulting from palimpsesting considerably decrease the legibility of the
original text and make the graphical appearance of the manuscript pages no longer
readily available for any kind of study.

Palimpsests have been paid much attention in modern paleographic research since
many of them contain texts from earlier time periods that are otherwise unknown (a
list of such manuscripts can be found in, inter alia, Wattenbach 1896, 299-317 and
Thompson 1912, 65-66). An increasingly strong interest in palimpsests started to
arise in the eighteenth century. This is also the time when a number of methods to
uncover the underlying layers of writing in palimpsests were invented and adopted
(Dillon 2007, 16-22). First of all, invasive methods were applied. These methods
aimed at improving the legibility of the faded text by the use of chemical reagents
such as oak-gall tincture, liver or sulphur tinctures, or Giobert tincture, a weak acid
solution of potassium hexacyanoferrate (II) (Albrecht 2015, 31). As this often caused
serious damaging effects, invasive methods were largely abandoned at the beginning
of the twentieth century whereas various sparing optical techniques started to be
primarily used for decipherment purposes. The documents were examined or imaged
by means of light at different — also invisible to the human eye-wavelengths. Ultra-
violet light was commonly used during the twentieth century. Nowadays, a number
of more advanced digital imaging techniques are successfully applied to decipher the
underwritings of palimpsests. As it is not possible to give a thorough overview of all
such techniques here, I refer to the recent short description thereof in Albrecht (2015,
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26-27, 31-33) with further references therein; below I mention some recent projects
implementing such kind of techniques.

When it comes to the study of palimpsests, the main concern has always been to
retrieve as much information of the scriptio inferior as possible, whereas little or no
attempt has been made to restore the original look of the underlying document and
make it available for research. This might be due to a number of reasons. First, it
was technically challenging to produce and publish such images in the predigital era.
Secondly, the restoration of the original appearance of the document was not on the
agenda of traditional philology, whose main focus was always to decipher the text
and make it legible for interpretative research. As a consequence, a transcript of the
deciphered text was considered as sufficient.

One may wonder why it would be so important to re-create the original look of
the underlying document at all. The idea that medieval texts have to be studied along
with their material representation as a single phenomenon came up with the rise of
the so-called ‘new’ or ‘material’ philology in the last quarter of the twentieth century
(for an overview of this editorial school, see Baker 2010, especially 440-444, and
Driscoll 2010, 90-95) and emphasized once again recently in, for example, Agapitos
(2008), Pierazzo and Stokes (2011), and Pierazzo (2014). One of the premises of the
material philology is formulated in Driscoll as follows: “[1]iterary works do not exist
independently of their material embodiments and the physical form of the text is
an integral part of its meaning” (2010, 90). The text of a historical document along
with its graphical appearance returns into its original context and material reality
that surrounded it; and thus it can be analyzed as an intellectual and cultural artefact
of its time. Consequently, the restoration of the graphical appearance of historical
documents was called for. Below I will show how the analysis of the graphical
appearance of the manuscript can enhance our understanding of the ways the text
could have been used by the reader on the basis of the example of codex Vat. gr. 73.
The method to be envisaged below allowed me to determine a system of marginalia
and pictograms in the margins of this manuscript. These are intended to help the
reader to navigate through the content — a phenomenon that was ignored by the
previous editions altogether.

Furthermore, graphical properties of the manuscript are crucial for the paleographic
research, decipherment or dating. Properties of the original text composition such as
punctuation may help to uncover the syntactic structure of the sentences as well as
the functions of particular expressions within the sentences. Last but not least, the
graphical appearance of the text may have impact on the philological interpretation
of the text. For example, the layout of the text can provide clues as to its segmentation
into chapters, sections, passages or similar. I conclude that the analysis of the graphical
appearance of the manuscript is an indispensable part of the investigation of the
manuscript.



124 Dariya Rafiyenko

When it comes to the facsimile edition of a historical document, there are three
main options as to how it may be produced: (1) reproduction, (2) restoration, and (3)
reconstruction. Reproduction (1) is a type of facsimile edition in which the photo-
graphical images are published as they are with no image processing. This approach
is suitable in cases where the text — perhaps despite some minor damages — is immedi-
ately visible and legible. One of the earliest examples of this approach is, for instance,
the edition of Wulfila’s Gothic Bible by Hans Henning, published as early as 1913.

Both restoration (2) and reconstruction (3) presuppose that the images of the
manuscript are published after some image processing to increase the legibility of
the damaged text. During the process of restoration (2) particular characteristics of
the original images of the manuscript are adjusted so as to enhance the legibility
of the respective textual layer. Restoration (2) is a widely used technique. It was
applied, for instance, within the Digital Image Archive of Medieval Music (DIAMM)
project. The image processing techniques of this project, such as the global and
single-area level adjustment, are described by Craig-McFeely and Lock (2006) in
their Digital Restoration Workbook. Another restoration approach was adopted by
Sparavigna (2009) while restoring Da Vinci’s sketches. This approach heavily relies
on manipulating colour-channels. Yet another technique similar to the former one
was put forward by Stokes (2011) and adapted by Voth (2014). It is primarily designed
for palimpsested manuscripts and was used to examine the oldest extant Old English
manuscript on medical remedies. Technically sophisticated restoration methods
relying on the combination of imaging under special conditions and image processing
were applied in the projects supported by the Early Manuscripts Electronic Library
(EMEL). The list of relevant projects can be found on the website of the EMEL project.
The restored palimpsested text of Archimedes published in Easton et al. (2003), Easton
and Knox (2004), Netz and Noel (2007) provides an illustration of the application
of this method. Still another approach to restoration is the digital 3-D modeling of
physical objects; the advantages of this approach are discussed in Brown and Seales
(2001).

In the process of reconstruction (3) — as opposed to the restoration — a new graphical
object is created, which should be as close to the original as possible. For example,
reconstruction of the fragment of page 46 from Vat. gr. 73 is found in the edition of
Mai (1827, 1). Its goal was to illustrate the layout and its function in the structure of the
manuscript (fig. 1 below). Another example is Gurtmann (2012). Here, an extensive
digital reconstruction allowed to reveal the complete underlying text of parchment
manuscript of Qur’an from Sanaa from ca. 650 CE.! Finally, another technique of
reconstruction similar to the method of Tracing illustrated in Section 2 below is found

1 This graphical reconstruction is to be published in the Brill series Documenta Coranica (ed. by F. Déroche,
M. Marx, A. Neuwirth and Ch. Robin).
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Figure 1: Reconstruction of the fragment of page 46 from Vat. gr. 73 published in the edition of Mai
(1827, 1).

in Butcher and Hrynick (2012). Here, within the scope of the Oxford Outremer Map
project, a map from thirteenth century was digitally reconstructed, making once
barely legible writings and images clearly visible.

Under both approaches, the restoration (2) and reconstruction (3), the critical
question is as to how many amendments - if at all - may be made on images. Ideally,
it is the duty of the researcher to ensure that facts are not manipulated and only most
plausible emendations are made. Discussion of the ethical side of image manipulation
may be found in Craig-McFeely and Lock (2006, 35-36, 53-54), Craig-McFeely (2008,
§62), and Stokes (2011, 20). One possible solution to this is to supply the publication
with the original images and the full list of all manipulations made.

2 The manuscript

In the next section, the technique of Tracing is outlined on the basis of Vat. gr. 73,
a palimpsested parchment manuscript preserved in Biblioteca Apostolica Vaticana,
Vatican City. Its upper textual layer, or scirptio superior, is dated back to the fourteenth
century and contains the speeches of Aelius Aristides and the dialog Gorgias of Plato
(Mercati and de’Cavalieri 1923, 67). It was only in the first quarter of the nineteenth
century that an earlier textual layer, or scriptio inferior, was discovered by Angelo Mai
(1782-1854), a celebrated philologist of the nineteenth century famous for finding a
great number of hitherto unknown palimpsested texts of ancient authors (Dillon 2007,
10-22). He identified the scriptio inferior as one of the volumes of the Constantinian
excerpt collection, or Excerpta historica Constantiniana, a tenth century historic
encyclopaedia written in Constantinople in Ancient Greek language (Németh 2010).
On the basis of palaeographical and codicological characteristics Jean Irigoin (1959)
dated the manuscript into the first half of the tenth century, assuming that the Vat.
gr. 73 is the original volume of the Excerpta Constantiniana assembled on behalf of
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the emperor Constantine VII (913-959) for the imperial library. Only a subset of the
original leaves of the Excerpta Constantiniana were palimpsested in the fourteenth
century. It is assumed that the 177 folios, or 354 pages, preserved until today constitute
around two third of the original manuscript.

Physical dimensions of the manuscript are 350/355 x 270/275 mm; writing surface
covers approximately 255/260 = 185/200 mm. Written in 32 lines per page with
approximaly 45-55 characters per line, the letters of both layers are about 5 mm high.
The scriptio superior is written immediately above the scriptio inferior, fully covering
it and extremely reducing its legibility (see fig. 2).

Rafiyenko (forthcoming) represents the reconstruction of the following 24 pages
of scriptio inferior: 301, 302, 349, 350, 203, 204, 205, 206, 343, 344, 299, 300, 261, 262,
337, 338, 309, 310, 323, 324, 327, 328, 275 and 276.% These pages contain excerpts from
an anonymous historiographer, the so-called Anonymous post Dionem, oftentimes
identified as Peter the Patricius, an official and ambassador from the time of Justinian
I (527-565)(Antonopoulos 1990). The text of the Anonymous is an account of Rome’s
history from the reign of Augustus (27 BCE-14 CE) to Constantine the Great (306-337
CE).

The text of the scriptio inferior of the Vat. gr. 73 has been edited twice: parts of
it were edited by Mai in 1827; the full text was edited by Boissevain in 1906. Both
editors studied the manuscript in autopsy and both of them used chemicals in order
to enhance the legibility of the lower text (Mai 1827, XXXI-XXXIII; Boissevain 1884,
25). However, chemical treatments can considerably deteriorate the preservation
condition of a palimpsest with the lapse of time (Wattenbach 1896, 311-312). In the
case of the Vat. gr. 73, it remains unclear to what extent the manuscript was treated
by Mai and Boissevain and how the treatment affected its condition. According to my
own assessment, the legibility of the lower text did not considerably change since
then. Previous editors were able to decipher most parts of the text (the editions of Mai
1827 and Boissevain 1906 contain almost no gaps in the text). Currently, the amount
of the lower text which can be discerned with the naked eye amounts up to 90-95%.3
The ink is for the most part discernible with the naked eye. However, the degree of
preservation varies significantly from page to page, from line to line, and even from
mark to mark. A number of images from Vat. gr. 73 are contained in Németh (2015).

2 The pagination in the Vat. gr. 73 has two peculiarities. First, page numbers instead of folio numbers
are traditionally used for reference in Vat. gr. 73. Secondly, the pagination reflects the sequence of the
pages in the palimpsested manuscript and therefore becomes re-ordered when the page sequence of the
original manuscript is reconstructed.

According to my own experience from the study of the manuscript both in the autopsy and by means
of high-resolution digital images.



Tracing 127

/
lOG“Iuo

rboot.u

Figure 2: The process of the graphical reconstruction of the Vat. gr. 73 (fragment of p. 301)

= =

3 The method

The impetus to develop the method of reconstruction of the Vat. gr. 73 came from
the wish to facilitate the process of the autopsy of the manuscript for a new edition
(Rafiyenko, forthcoming). Deciphering such a damaged text revealed itself as labour-
intensive and, hence, time-consuming work. Collating took sometimes up to twenty
hours per page. Nonetheless, irrespective of the time invested, previous collation
brought little when a passage from the manuscript had to be consulted repeatedly;
and subsequent revisions were almost as time-consuming. This called for a different
method of decipherment that would allow fixing the deciphered characters in a digital
form. The resulting images revealed themselves as a clear copy of the lower text
and its original graphic appearance (cf. fig. 2 and fig. 3 below). The essence of the
technique lies in manual re-tracing and re-drawing the contours with the stylus on
the touch screen on significantly enlarged images. This allows rendering the scriber’s
handwriting very close to the original (cf. fig. 2).

3.1 Technical requirements

An image processing software with the Brush Function such as Paint.NET, GIMP,
Photoshop, Image] or other is sufficient. Furthermore, one needs a digital drawing
pad or drawing tablet and, finally, high resolution photos of a manuscript for the
reconstruction. It is advisable to have a monitor with high quality resolution.

3.2 Tracing

The images are drawn with digital painting technique in an image-processing applic-
ation. In order to be able to separate the original images from the reconstruction,
the latter are drawn on a separate layer positioned above the layer containing the
original image of the manuscript. Magnification ensures high accuracy of imitation
of the ductus and of the characteristic shapes of the ink marks.
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In my case, a magnification of eight to ten times has proved itself as optimal. For
this purpose, I used a Hewlett Packard notebook with resistive touchscreen. The
images were created with the Brush Function in the Paint. NET image-processing
application. In a non-digital environment, one could potentially achieve comparable
results by putting a transparent slide upon the image and, subsequently, re-drawing
the ink marks on the slide manually. However, the crucial advantage of the digital
method here is the possibility of modifying the characteristics of the original image,
which allows to discern and to trace the original ink marks with a higher level of
fidelity.

3.3 Results

The resulting images can be characterized as a two-dimensional, exact and truthful
representation of the manuscript’s underwritings. They represent the surface of the
lower text in terms of a topographical edition? (the term coined by P. Sahle in personal
communication).

In Rafiyenko (forthcoming), the exact appearance of the original manuscript pages
- not readily discernible behind the ink marks from the fourteenth century layer - is
restored (see fig. 3). The high level of granularity allows determining the ductus and
the characteristic shapes of ink marks in all parts of the lower text. Thus, maximum
fidelity to the features of the handwriting is achieved and such properties as the
colour of the ink or spatial positioning are straightforwardly reproduced.

As the image of page 302 from the Vat. gr. 73 shows (fig. 3), graphical reconstruction
of the manuscript page gives a clear picture of its overall appearance before it was
palimpsested. It offers a number of advantages. First, it allows a better understanding
of the layout of the Vat. gr. 73. It is clearly visible that the initial letter 6 (see lines
1, 5,9, 12, 16, 27, 29 and 30 of page 302 on fig. 3) is used as a visual marker of the
starting point of each new excerpt in the Excerpta Constantiniana, being set off by the
space left blank before it and by the use of the reddish ink. The visual appearance of
initials is important here as it highlights the logical structure of the text and shows
that borders of each excerpt were clearly marked as well as that the excerpt itself was
construed as the smallest single unit of the text structure.

Furthermore, marginalia and pictograms in Vat. gr. 73 can now be studied since
their exact positioning and design are clearly visible in the graphical reconstruction.
On page 302, there are two marginalia (placed opposite the lines 1 und 5, see fig. 3) and
seven pictograms in different state of preservation (placed on the left margin opposite
the lines 7, 9, 14, 18, 26, 30 and 32, see fig. 3). The palaeographical characteristics
thereof unequivocally indicate that both marginalia and pictograms belong to the hand

4 Topographical edition refers to any edition which is a two-dimensional representation of the surface of

the original document that was created by means of reconstruction.
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Figure 3: Graphical reconstruction of page 302 from the Vat. gr. 73
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Table 1: Samples of marginalia from the Vat. gr. 73.

of the main scribe and thus were designed in the tenth century by the compilers of the
manuscript. Marginalia, 32 examples of which can be found on the 24 investigated
pages of the manuscript (in Rafiyenko, forthcoming), were written in red ink and
placed on the outer margins of the manuscript. They are positioned consistently
at the beginning of each excerpt and indicate an acting person. As many of them
are pointing to Roman emperors, it may be the case that they were also used as the
chronological labels in the text. Pictograms, 147 samples of which are found on the
24 pages of the manuscript, were drawn with the same red ink as the marginalia and
placed coherently on the left side of the main text. They are positioned in the middle
or at the end of an excerpt and indicate the most important phrase of a given excerpt,
its essence.

The reconstruction allows to establish different forms of pictograms (see table 2).
The function of most of them could be discerned. For example, form (2) refers to
passages with explicitely ironical intent, form (4) to citations of ancient authors in
the text. The most numerous form (1) was presumably used without special function
because it refers to a great number of passages which cannot be easily categorized
(pictograms with similar function are found in papyri from Egypt of the period from
2 BCE to 7 CE, see McNamee 1992, 8).

It may be concluded that both marginalia and pictograms represent a system of
content-related references that were designed to facilitate the navigation through the
text of the Excerpta Constantiniana. The graphical reconstruction of the manuscript
by means of Tracing makes it possible to compare the marginalia and pictograms
and palaeographically analyse them (cf. table 1, table 2). The exact positioning of the
marginalia and pictograms in the manuscript enhance the philological analysis of the
text.

Another example of how reconstructed images can be used for the palaeographic
research is presented in table 3 below. Here, samples of the variants of the letter epsilon
and its combinations with other letters are given. Such collations of scribal variants are
important for further work with the manuscript. Notably, without the reconstruction,
it is nearly impossible to acquire clear sample images of scribal variants in Vat. gr. 73.

As regards the truthfullness of the reconstructed images by means of Tracing, the
major principle here may be formulated as follows: the reconstruction is based either
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Nr. Form Number of samples in the Indication of location in the
manuscript manuscript (page, line)

(1) 86 Passim

(2) 13 302,26; 302,32; 206,23 etc.

310,25; 310,29
5 204,11; 206,2; 276,21; 276,22; 276,23

N\ - 3

Table 2: Samples of pictograms from the Vat. gr. 73.
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Table 3: Variants of epsilon and its combinations with other letters in the Vat. gr. 73.

on the documental evidence for a character or on the unambigiously attested rests
thereof. In turn, in case of ambiguity, when the form of the letter is almost entirely
obscured the process of reconstruction is subject to the scholar’s interpretation.
In certain cases, a particular interpretation is strongly favourable because of the
palaeographic norms and good acquaintance with the scriber’s handwriting in this
manuscript. Importantly, all amendments of this type should be marked in the critical
apparatus. In other cases, where no reliable restoration can be made the space should
remain blank in the reconstructed version and marked as such (cf. the marked spaces
in figure 4). This also should be documented in the critical apparatus.

Certainly, these principles do not entirely exclude the possibility of over-
interpretation on the part of the editor. However, the advocated method provides
a much safer reconstruction tool than the traditional editorial one. Thus, in the
edition of the Excerpta Constantiniana of Boissevain (1906), apart from tacitly made
corrections of the text, the most prominent evidence of misrepresentation of the text
is probably the fact that the marginalia and pictograms are neither mentioned nor
represented, even though they are crucial for the understanding of the text as has
been layed out above. In turn, the reconstruction of the Vat. gr. 73 by means of
Tracing allows the researcher to see their exact positions, forms and the ductus and
presents a more reliable source for the study of the text.



132 Dariya Rafiyenko

07<€N Ef—w-;p—ruv-é\s—pév—ty:cpoe—uu‘euw-mjuoc oN <7r='-:.1u 9 weass
NG A X { kbpoc - ap&lce A
wof oo hN u[yp"‘"f'é’l"'%mbf'/"m Mo S Moo P

4 °°NW*/°/~J ﬁs%a:rw;-rvé-%w 'r‘{—fffl>a-1—lac‘
yét LL&TOSA/VG-/VONt NG(.IAAFGI-L(-L\W e;-wmf \‘wo/d«-/—érdwu.\rray :
‘Zééifxl" —rl-rl‘ol}ct:—;—/ n G—W‘&oo-rzé—von.Nonw s

lovmén v 4 uo/oV{o-oué\é;s\wctltc’rourog/vwlké-oo,ﬂ%“—)\%oc

Figure 4: Illegible passages in the Vat. gr. 73 (p. 343, 8-13).

The method of Tracing has its limitations. It is time-consuming and requires a lot of
effort on the part of the editor. It is, furthermore, applicable only to those manuscripts
in which the lower or the damaged text may be perceived with naked eye — unless
the photos have been additionally processed to enhance the legibility. Thus, Tracing
can be considered as supplementary to more technically advanced methods such as
methods relying on multispectral imaging (a list of projects using this technique can
be found on the website of the EMEL project), hyperspectral transformation imaging
(see Shiel, Rehbein and Keating 2009), and various techniques of image processing.
Moreover, Tracing can also be applied in those cases in which more than one image is
used as the basis for the reconstruction.

Crucially, the method has a number of advantages. Being fairly simple, it is im-
mediately accessible to any researcher as it requires neither special software nor
any technical expertise beyond the basics. At the same time, it ensures the results
that cannot be achieved by simple, non-digital re-drawing. Furthermore, in con-
trast to automated reconstruction, the editor has the full control over the process
of reconstruction here, thereby avoiding misinterpretations or mistakes made by
software.

It is also advantageous concerning the philological accuracy and falsifiability of the
reconstruction. This method allows the documentation of what exactly the editor sees
in the lower text and what has been amended by the editor on the basis of contextual
plausibility. It ensures more transparency in the process of text transcription and
critical editing. Subjective decisions of the editor can be better controlled for and the
requirement of falsifiability of research is more strongly obeyed than in the traditional
approach.

4 Conclusion

In this paper I presented the method for reconstructing damaged manuscripts referred
to as Tracing. It crucially relies on the re-drawing of poorly discernable contours of
the original image under multiple magnification of the original size. The application
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of the method was demonstrated on the basis of the palimpsested manuscript Vat. gr.
73. The method has a number of advantages in contrast to the traditional method.
In particular, Tracing may be especially helpful in palaeographical and philological
research because it yields qualitive pictures of the original graphical appearance of
damaged manuscripts. It thus provides good empirical basis for further research on
the manuscript. Tracing is both feasible and advantageous for the scholars of dif-
ferent philological subdisciplines because it does not require any advanced technical
expertise nor does it require any specific technical equipment or software. Last but
not least, the images produced via Tracing represent the editor’s own artwork and,
hence, should not require a copyright permission from the owning library.

Any kind of reconstruction can be considered as a step away from the real, imperfect
characters of the manuscript towards their original form (as written by the scriber).
While Tracing is about light and manual reconstruction of each and every single
symbol (signs, letters, etc.) there are other, more powerful methods available that may
supplement the result achieved by Tracing. Thus, the next step towards reconstructing
transcriptions may rely on regularization of the text with the help of a font that
imitates the form and the positioning of the original handwritten characters (see
such an attempt in Vorbach 2012), a font where each glyph ideally would be an
average of all real representations of a given character. Even though this type of
reconstructing transcription diminishes the individuality of the handwritten text, it
retains the topografical dimension and makes the text searchable by the computer.
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Automatable Annotations — Image Processing and
Machine Learning for Script in 3D and 2D with
GigaMesh

Bartosz Bogacz, Hubert Mara

Abstract

Libraries, archives and museums hold vast numbers of objects with script in 3D such
as inscriptions, coins, and seals, which provide valuable insights into the history of
humanity. Cuneiform tablets in particular provide access to information on more
than three millennia BC. Since these clay tablets require an extensive examination for
transcription, we developed the modular GigaMesh software framework to provide
high-contrast visualization of tablets captured with 3D acquisiton techniques. This
framework was extended to provide digital drawings exported as XML-based Scalable
Vector Graphics (SVG), which are the fundamental input of our approach inspired by
machine-learning techniques based on the principle of word spotting. This results in
a versatile symbol-spotting algorithm to retrieve graphical elements from drawings
enabling automated annotations. Through data homogenization, we achieve com-
patibility to digitally born manual drawings, as well as to retro-digitized drawings.
The latter are found in large Open Access databases, e.g. provided by the Cuneiform
Database Library Initiative (CDLI). Ongoing and future work concerns the adaptation
of filtering and graphical query techniques for two-dimensional raster images widely
used within Digital Humanities research.

Zusammenfassung

Bibliotheken, Archive und Museen besitzen grofle Mengen an Objekten mit Schrift
in 3D, wie z.B. Inschriften, Miinzen und Siegelabdriicke. Diese erlauben wertvolle
Einblicke in die Geschichte der Menschheit. Das gilt besonders fiir Keilschrifttafeln,
die Informationen iiber dreieinhalb Jahrtausende vor der Geburt Christi tibertragen.
Weil diese Tontafeln eine griindliche Untersuchung, Umzeichung und Umschrift
benoétigen, haben wir das modulare GigaMesh Software Framework entwickelt, das
eine kontrastreiche Darstellung von 3D-vermessenen Tafeln in hoher Auflésung
ermoglicht. GigaMesh bietet dazu die Moglichkeit zum Export von Vektorzeichnun-
gen im XML-basierten Scalable Vector Graphics (SVG) Dateiformat. Diese Dateien
stellen die Datenbasis fiir Verfahren aus dem Bereich des Machine Learning dar, die
wiederum auf dem Prinzip des Word Spotting beruhen. Daraus ist eine graphische

Kodikologie und Paldographie im Digitalen Zeitalter 4 — Codicology and Palaeography in the Digital Age 4. Hrsg. Hannah
Busch, Franz Fischer und Patrick Sahle, unter Mitarbeit von Bernhard Assmann, Philipp Hegel und Celia Krause. Schriften
des Instituts fiir Dokumentologie und Editorik 11. Norderstedt: Books on Demand, 2017. 137-149.
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Suchméglichkeit von Symbolen bzw. Zeichen entstanden, mit der eine automatische
Annotation moglich wird. Durch die Homogenisierung von Dateiformaten konnten
wir eine Kompatibilitat mit weiteren Quellen in Form von digital erstellten Handzeich-
nungen und Retro-Digitalisaten erreichen. Letztere stehen online per Open Access
z.B. im Rahmen der Cuneiform Database Library Initiative (CDLI) zur Verfiigung.
Laufende und kiinftige Arbeiten sind die Adaption unserer graphischen Verfahren
fiir zweidimensionale Rasterbilder, wie sie in den Digital Humanities haufig zu finden
sind.

1 Introduction

The analysis of historical texts begins with the analysis of a document as an object.
Therefore, any Digital Humanities (DH) project has its roots in digitized documents
which are often represented by images consisting of a regular grid of colored pixels.
These images are typically gathered using a flatbed scanner or digital photo cameras
(Effinger et al. 2003). The latter are often combined with minimalistic 3D acquisiton
using a laser-line to remove distortions such as bent pages of an open book. A well-
known setup is known as the Grazer Buchtisch, which was invented by the engineer
Manfred Mayer within a project of the University Library of Graz in Austria.

Other optical imaging methods capture even more information on the materiality of
an object using 3D acquisiton. These systems are used ever more frequently in many
disciplines within the Humanities due to increasing image resolution and decreasing
costs of purchase. Especially in the field of Archaeology, a photogrammetric approach
known as Structure from Motion (SfM) (Ullman 1979) is widely applied to simple
objects such as ceramics (Mara and Portl 2013), coins (Boss et al. 2012) as well as more
complex inscriptions (Kromker 2013) based on the principles of structured light and
stereo analysis (Sablatnig and Menard 1992). However, there are many other means
of 3D acquisiton such as Reflectance Transformation Imaging (RTI) (Woodham 1980)
and the KU Leuven Dome (Willems et al. 2005).

All those metal, stone, or clay objects play an important role for research within
the Humanities because they are comparatively robust by design and can transport
information over long periods of time. These artifacts are well preserved and their
content, i.e. the text on their surface, can be read by illuminating the surface using a
light source to show characters as shadows on a bright background. Therefore, at first
glance, photography appears to be a reasonable choice for documentation. However, a
photo provides only one projection using one position of the light source. Furthermore,
the surface of an object can have an arbitrary color (e.g. due to stains) camouflaging
the Script in 3D. Even for relatively well-preserved objects, the information represented
geometrically can become difficult to grasp.
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Generalizing the challenges posed by surfaces weathered, worn, or otherwise
damaged, we have to capture the geometry of an object in order to then remove the
camouflaging colors in a first step. In a second step, the traces intentional left by a
human being have to be illustrated using images without illumination which show
meaningful features via color contrast. Such surface features can be determined by
computing local curvature measures (Bertrand et al. 1848) like the Gaussian curvature
(Gauss et al. 2007) which separates concave and convex areas. A second important
measure is the mean curvature which can be used to determine the smoothness
or roughness of an object area, e.g. to separate patterns of fracture from those
intentionally left by craftspeople.

Measuring local curvature on surfaces is done in principle similarly to filtering
raster images for which a multitude of edge detectors (or filter operators) was de-
veloped during the last five decades of Computer Science reserach, starting with the
Roberts-Cross-Operator (Roberts 1963). In essence, those filters assume an image as a
height map (cf. Digital Terrain Model) in which each gray-value of a pixel corresponds
to height. By computing changes of heights in local environments, these filters often
approximate curvature measures of numerically computed derivatives, i.e. gradient
images, where meaningful features such as apses can be detected. Computing deriv-
atives, however, comes with the drawback of smoothing an image, i.e. it overlooks
details a human can detect. Furthermore, assumptions such as having 8 pixels as a
neighbor to a central pixel or one height value per grid cell do not exist in 3D surface
data.

Therefore, we choose to use numeric integration to prevent the smoothing effects of
traditional derivative filters. Similarly to computing the area below a one-dimensional
curve embedded in two-dimensional space, we compute the volume below our two-
dimensional surfaces embedded in a three-dimensional space. This is achieved by
considering each triangle of our 3D model as a top surface of a truncated prism
extruded along an arbitrary axis, e.g. in z-direction, and as having arbitrary bottom
surfaces, e.g. defined by the xy-plane. The sum off all volumes of all such prisms is
the volume enclosed by the surface, that is, of our object acquired by a 3D scanner.

The moment we start computing subsets of the prism volumes, we start computing
local curvatures. Choosing a sphere as the border of the subset makes the computed
volume invariant against rotation. As we incorporate elements along the surface,
the vertices of the triangular mesh become the centers of the spheres. The radius
of the sphere is the parameter for the sensitivity of this volume integral invariant
filter responding most perceptibly when the size of the feature is close to the radius
of the sphere. To cover features of different sizes and multiple scales, we compute
volume subsets for different radii. Therefore, this method is called Multi-Scale Integral
Invariant (MSII) filtering (Mara 2012). Figure 1 shows two sets of concentric spheres
for five different scales of a medieval seal. The integrated volume lies between 49% to
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Figure 1: Triangular mesh describing the surface of a medieval seal in gray color (left). Detailed view
shows two sets of concentric spheres used for local volume integration, where the volume below
the gray surface and the sphere is computed (right).

51% for each sphere of the left set as each sphere is approximately cut in two halves
by the surface. The integrated volume for the other set ranges from 40% of the volume
of the smallest sphere to 22% of the volume for the largest sphere.

These ratios are a so-called feature vectors (or functions), which span a multi-
dimensional feature space. Within this space, we can compute distance measures to a
specific reference object, e.g. selected by pin-pointing a feature with a mouse click in
a Graphical User Interface (GUI). Typical measures are the Euclidean distance or the
Manbhattan distance, but additional measures such as cross- or auto-correlation can
also be applied. Considering the wide range of objects we encountered, there is always
one suitable distance for each type of object. Finally, the distance measure is mapped
to a color ramp, leading to a high contrast rendering of an object in false colors. Figure
2 shows a comparison of a photograph of a medieval seal and a 3D visualisation using
a color ramp based on the colors of the Morgenstemming (Geissbuehler and Lasser
2013) which is suitable for printing in gray-scale and for colorblind persons.

Having determined features such as Characters in 3D, the next step is the feature
extraction as a digital line drawing which can be made searchable by an approach
based on a machine-learning technique known as word spotting (Kolcz et al. 2000).
We illustrate this approach on one of the largest and oldest text sources known as
cuneiform tablets.

2 From script in 3d to searchable line-drawings

For more than three millenia, scribes wrote documents using cuneiform script in the
ancient Middle East (Soden 1994). Characters were typically written on clay tablets
by imprinting a rectangular stylus and leaving a wedge (lat. cuneus) shaped trace, i.e.
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Figure 3: A cuneiform tablet and its tracing.

triangular markings, as shown on the left-hand side in figure 2. As clay was always
cheaply and easily available, those capable of writing could produce a multitude
of documents. Therefore, the content of cuneiform tablets ranges from mundane
shopping lists to treaties between empires. There are hundreds of thousands of clay
tablets preserved until this day thanks to their comparatively robust nature. In total,
the amount of texts written in cuneiform script is comparable to those written in
Latin or Ancient Greek. Important documents are, for example, the epic of Gilgamesh
(Maul 2014), the declaration of the Cyrus Cylinder or the Rosetta Stone.

The increased availability of 3D representations and the tremendous amounts of
2D raster images of documents demand reliable methods for automated processing to
keep tedious tasks such as drawing a cuneiform tablet to a minimum. This leads to
the development of our GigaMesh software framework, which provides high-contrast
images of 3D models (short for 3D measurement data) for improved readability of
script in 3D. The GigaMesh framework was tested on numerous clay tablets with
cuneiform script. The visualizations are achieved with the novel Multi-Scale Integral
Invariant (MSII) filtering algorithm, applicable on the irregular triangular meshes
describing a surface in 3D (Mara et al. 2010).

In a second step, our software framework was expanded by a line-tracing algorithm
to extract features such as characters as Scalable Vector Graphics (SVG) (Mara and
Kromker 2013), which describe the shape of extracted elements using the eXtensible
Markup Language (XML). These two initial steps were also adapted for 2D raster
images using Dual Integral Invariant filtering and the potrace algorithm to homogenize
3D and 2D sources (Bogacz et al. 2015a). The latter, in this case, are retro-digitized
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manual drawings of cuneiform tablets. As experts today often use vector drawing
tools such as Inkscape or Computer Aided Design (CAD) software, we have a third
digital source, which can easily be exported in the SVG format. This makes digital
manual drawings compatible with the automated drawings computed from 3D models
using GigaMesh.

Having three homogenized digital data sources, the consequent step is the pro-
cessing of SVG files to find repetitive patterns, e.g. groups of wedges of cuneiform
script or any other graphical representation consisting of sets of prototypical elements.
This work is done by application of machine-learning (ML) methods inspired by the
idea of word spotting well known from the domain of Handwritten Text Recognition
(HTR). This enables us to query a database of SVG files by using a drawing of a
search word, character, or any other graphical element. In addition to the search
capability, this approach enables future applications such as (i) automated annotation
of characters, which is (ii) not limited to any writing system and can be used in other
domains such as iconography or heraldry. Results are shown for synthetic data and
real world data from more than six years of interdisciplinary projects at the interface
between Applied Computer Sciences and the Humanities.

The Cuneiform Digital Library Initiative (CDLI) incorporates a number of projects
aimed at cataloging cuneiform documents and making them available online as
tracings, 2D images and sometimes as transliterations. However, none of these
documents are annotated. Transliterations and translations are shown side-by-side
with the photographs and retro-digitized scans of cuneiform tablets. For uninitiated
readers it is impossible to correctly match the translated symbols to the respective
symbols on the document.

Annotating documents manually is an arduous task that can only be performed
by experts. The approach presented here can reduce the workload of annotating
documents by repeating annotations on similar symbols automatically. This is ac-
complished by symbol-spotting, a concept similar to word spotting but extended to
include graphical symbols. Symbols similar to those already annotated are spotted
in a database and the respective annotations are applied. This approach reduces the
workload to annotate documents. Each annotation is applied to the entire group
of similar symbols, each time significantly reducing the symbols to be annotated.
Figure 3 shows an annotated tablet with similar repeating symbols.

The unification of data sources requires a shared conceptual model of cuneiform
wedges. The simplest possible description still allowing distinctive characters is a
triangle representing the wedge-head with three associated arms representing the
wedge arms. We use this description as our common shared model.

In born-digital tablets, our input data is a set of spline paths which we call strokes.
These strokes are expressed as XML entities in the SVG source data. Wedges consist
of up to six strokes, three for the triangular wedge-head and three for the wedge-arms.
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Figure 4: Annotation of a symbol (upper right corner) and automated repeated annotation of similar
symbols (other markers).

We detect wedge-heads by finding three strokes intersecting pairwise. Wedge-arms
are any additional strokes that intersect any stroke of the wedge-head.

This description of wedges is general enough to match all wedges on born-digital
cuneiform transcriptions. It also matches many more structures which are not proper
wedges, as can be seen in figure 4. One difficulty is that cuneiform script is written
very densely. Strokes from different wedges may intersect and create false positives
when analysing wedge heads or arms.

We meet this challenge by assuming that most strokes have been drawn to indicate
proper wedges. We assign strokes to detected possible wedges. Strokes cannot fill
two roles at once. Either (i) a stroke is assigned to be one of the three sides of a
wedge-head or (ii) it is assigned to be one of the three wedge-arms. Strokes can also
be left unused if drawn by error on a transcription. This task can be expressed as an
optimal assignment problem, facilitating a computationally efficient solution.

Subsequent steps in our workflow and in a typical machine-learning workflow
require a fixed size feature representing cuneiform characters. We model wedges using
keypoints deriving directly from the way wedges are drawn in transcriptions. The
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Figure 5: Wedge hypotheses (left), assignment of strokes to hypothesized triangles (mid) and final keypoint
model of accepted modeled wedges (right).

keypoint feature-vector models wedges using six two-dimensional points, as shown in
figure 4. The first three points are the vertices of the three strokes intersecting pairwise,
forming the wedge-head. The last three points are endpoints of the wedge-arms at-
tached to the respective wedge vertices. This model is described in detail in Bogacz et
al. (2015b). We also successfully utilized this representation in a machine-learning
workflow to extract repeated cuneiform patterns (Bogacz and Mara 2016a).

Part-structured models provide means to describe geometrical objects by the rela-
tionships of their components. Howe (2015) has presented a part-structured model
based on point centers and a tree of flexible, spring-like links inbetween. Additionally,
he also introduced highly efficient means of these models’ parallel computation. We
adapt and model cuneiform symbols using a part-structured model of wedges connec-
ted by spring-like links. The generalized distance transform (GDT) employed by Howe
is modified to use the Euclidean distance between the keypoint feature-vectors of
wedges. Symbol-spotting is then performed by transforming the document regarding
the query and computing the distance field (Bogacz et al. 2016b). Then, local minima
are possible locations of the query symbol in the document. Figure 5 shows exemplary
key stages of this process.

We evaluated our methods on a dataset of two cuneiform tablets line-traced by
assyriologists. A vector graphics editor has been used to create born-digital SVG files.
Each of these tablets contain approximately 500 identifiable cuneiform characters on
each side.

We performed retrieval queries by example, using the set of segmented cuneiform
characters. For each result returned, an expert decided whether it belonged to the
class of the query and tagged it with either true positive or false positive. Additionally,
we evaluated our method against the work of Rothacker et. al. (2013) on word spotting
on Latin script. Their work on cuneiform detection (Rothacker et al. 2015) could
not be evaluated since elevation data, as used in their approach, was not available
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Figure 7: Precision and recall of the symbol-spotting approach presented here. We compare our different
wedge models and the work by Rothacker et al. on word spotting.

for our dataset. In general, there currently is no standardized dataset of cuneiform
tablets for learning tasks available by means of Open Access in a manner the George
Washington letters are for Latin word spotting. Figure 6 shows the precision-recall
plot of our three part structured algorithms including the approach as suggested by
Rothacker et. al. (2015).

In addition to the keypoint model, we also experimented with other wedge models
and evaluated these on our dataset. The native keypoint model presented the best
performance and outperformed the state of the art in Latin word spotting significantly.
Our approach has been modeled to exploit the geometrical properties of cuneiform



Automatable Annotations 147

and works on vector data instead of raster data. Therefore, the search word for a
query is actually a drawing, which leads to an automatable annotation by querying
all possible cuneiform signs as found in symbol lists (Borger 2010).

3 Conclusion and outlook

Even in the case of cuneiform tablets belonging to the oldest important text sources
existing in vast numbers, there were virtually no computational methods available
to assist crucial tasks like examination or transcription when we began developing
digital tools for the analysis of clay tablets in 2009. In the first phase, we established a
workflow for digitization of the clay tablets using optical metrology resulting in high-
resolution 3D models. Afterwards, we developed a robust algorithm using Multi-Scale
Integral Invariant filtering for high-contrast visualizations of Script in 3D, which was
implemented as modular GigaMesh software framework. Due to its versatile nature
forgoing any inclusion of a-priori knowledge and complex parametrization, we could
successfully apply the framework to e.g. Roman inscriptions and weathered medieval
Jewish epitaphs. For the latter, we could recover approximately 20% of additional
characters which had been declared to be lost forever.

The second phase outlined in this article utilizes digital drawings of the cuneiform
computed from 3D measurement data. These drawings are XML-based Scalable Vector
Graphics and act as an interface to manual drawings which can be incorporated by
homogenization for both retro-digitized and born-digital data. Using a minimalistic
geometric model (template) to describe the wedges, i.e. radical element of cuneiform
script, we were able to establish search capabilities based on word spotting. Our
search algorithm enables the user to query by drawing instead of query by some sort
of encoded symbol. Therefore, we can treat any cuneiform writing independent of
any underlying language. This is a key factor as there are several major languages
originating from at least three different language families sharing cuneiform script.
Together with diverse local dialects and challenges like the UD.GAL.NUN signs (Zand
2016), it appears that techniques commonly applied in Computational Linguistics are
prone to become isolated applications.

The whole processing workflow from high-resolution 3D measurement data to
searchable drawings contains many modules to be reused for other projects within
the Digital Humanities. Filtering techniques are adaptable to the domain of raster
images provided by photographs and flatbed scanners. Examples are the anistropic
filtering of rubbings of ancient Sutra chiseled into stone walls (Mara et al. 2009),
material structures, i.e. unique stripe patterns of Papyri (Mara and Sanger 2013), or
the improvement and vectorization of faded George Washington letters (Mara 2016).
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The latter will be a future challenge to adopt the symbol-spotting of cuneiform -
which is actually a handwriting in 3D - to handwriting with pen and paper in 2D.
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Automatic Dating of Historical Documents

Vincent Christlein, Martin Gropp, Andreas Maier

Abstract

With the growing number of digitized documents available to researchers it is becom-
ing possible to answer scientific questions by simply analyzing the image content.
In this article, a new approach for the automatic dating of historical documents is
proposed. It is based on an approach only recently proposed for scribe identification.
It uses local RootSIFT descriptors which are encoded using VLAD. The method is
evaluated using a dataset consisting of context areas of medieval papal charters
covering around 150 years from 1049 to 1198 AD. Experimental results show very
promising mean absolute errors of about 17 years.

Zusammenfassung

Mit der steigenden Zahl der fiir Forscher zugénglichen digitalisierten Dokumente
wird es moglich, wissenschaftliche Fragestellungen durch die einfache Analyse der
Bilddaten zu beantworten. In diesem Beitrag wird ein neues Vorgehen fiir die auto-
matische Datierung historischer Dokumente vorgestellt. Es basiert auf einem Ansatz,
der erst vor kurzem fiir die Schreiberidentifikation entwickelt wurde und nutzt lokale
RootSIFT-Deskriptoren, die mit VLAD codiert werden. Die Methode wird mit einem
Datensatz evaluiert, der aus den Textbereichen mittelalterlicher Papsturkunden aus
rund 150 Jahren (1049-1198) besteht. Experimentelle Ergebnisse zeigen eine sehr
vielversprechende mittlere Fehlerrate von rund 17 Jahren.

1 Introduction

Dating historical documents can be a time-consuming and expensive process which
typically requires the consultation of experts of history and/or paleography. While
the chemical analysis of the paper through radiocarbon dating often yields reasonable
accuracy, at least for the time of production of the writing medium, non-invasive
methods are often preferable for a variety of reasons.

These approaches can be divided into two groups: content-based methods and
image-based methods. Content-based methods relate to procedures which derive
the date of production from information in the text. Either directly, e. g., an event
directly referred to in the text can be related to a known date. Or indirectly, through

Kodikologie und Paldographie im Digitalen Zeitalter 4 — Codicology and Palaeography in the Digital Age 4. Hrsg. Hannah
Busch, Franz Fischer und Patrick Sahle, unter Mitarbeit von Bernhard Assmann, Philipp Hegel und Celia Krause. Schriften
des Instituts fiir Dokumentologie und Editorik 11. Norderstedt: Books on Demand, 2017. 151-164.
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a linguistic analysis of the text, see for example the work of Feuerverger et al. (2008),
who dated manuscripts from the 11" to the 15" century. This is possible if enough
dated reference material exists.

This is also a prerequisite for image-based methods. In contrast to content-based
methods, however, the text does not need to be transcribed first. For several manu-
scripts, a rough date can be estimated (manually or automatically) based on the layout
of the document or the symbols/images it contains. In papal charters, for example,
there typically is a rota symbol containing the name of the pontificate. Moreover,
the handwriting can give a clue to the date since different handwriting styles were
used in different periods of time . By extracting these information, a semi or fully
automatic program can assist a paleographer in dating handwritten documents. It is
also to be noted that large-scale dating, i. e., the dating of hundreds of manuscripts
or more, might be too time-consuming for an individual. Here, automated methods
suggesting a probable date might be useful for initial estimates or may also point
out interesting documents to the researcher. For example, outliers in a large corpus
of documents might just relate to an interesting handwriting — or the style could
actually point towards a later date than the content, indicating a potential document
forgery.

Wabhlberg et al. (2016) showed that content- and image-based methods can also be
combined for an improved automatic dating.

Automatic dating may also help to improve OCR quality as specialized classifiers
can be trained for specific date ranges when they are known. Li et al. (2015) have
shown great improvements in OCR when estimating the date of printed manuscripts
in advance.

Algorithmically, the dating of handwritten text is closely related to the problem
of (automatic) writer identification.! But while there are fixed classes of writers in
the case of writer identification, image-based dating is typically seen as having a
regression problem, i. e., we determine continuous targets (the dates) instead of fixed
classes (the writers).

In this paper, we propose a new method for automatic dating. The individual parts of
the approach have already been used successfully for writer identification (Christlein
et al. 2014; Christlein et al. 2015). These publications draw on clean benchmark
datasets, while this work relies on experiments with historical documents. Historical
documents are typically digitized in high definition. Thus, we evaluate different
strategies to lower the computational burden. Moreover, historical documents often
contain large deficiencies such as holes or stains. We evaluate different strategies for
feature sampling and study their effects on dating accuracy. An example image can
be seen in figure 1.

1 Note: “writer” and “scribe” are used interchangeably throughout this paper.
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Figure 1: Image excerpt of a papal charter. Jaffé / Loewenfeld no. 4671; pontificate: Alexander II; date:
January 28, 1070; image courtesy of the Gottingen Academy of Sciences and Humanities.

This paper is organized as follows: after the related work is presented in section 2,
our proposed method is explained in section 3. Section 4 covers the evaluation of our
experiments and results. The paper is concluded in section 5.

2 Related work

Dating of historical manuscripts

Automatic image-based dating of historical manuscripts is a relatively new discipline
with virtually no visible research until only a few years ago, which was probably owed
to the lack of sufficiently large digitized collections of suitable documents. In 2014,
He et al. presented a new dataset and used Hinge and Fraglets features in a nested
SVR approach to predict the year of a document’s creation. In the following year,
Wahlberg et al. (2015) proposed a method focused in particular on low-quality images,
based on shape context and Stroke Width Transformation. Recently, He et al. (2016a)
added a new unsupervised attribute learning step and finally treated document dating
as a classification problem, an approach they continue in their later work (He et al.
2016b) with local contour fragments and stroke fragments features. While Wahlberg
et al. advance to place special emphasis on incorporating language information in
their 2016 paper, requiring manual transcriptions that are not easily available in many
cases, they also continue to improve their solely image-based method.
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Handwriting classification

The problem of dating handwritten text is methodically similar to text style recogni-
tion or writer identification. Writer identification can be categorized into two groups:
textural methods and allograph-based methods. In textural based methods, compre-
hensive statistic information are computed from the handwriting, e. g., the width of
the ink stroke. A prominent example describes the handwriting by means of local bin-
ary patterns (Nicolaou et al. 2015). In comparison, allograph-based methods rely on a
background model computed from local descriptors of a training set. This background
model is then used to encode the local descriptors, i.e., to compute statistics from
them. The most closely related publications belong to the latter group (Christlein et
al. 2014; 2015a; 2015b). In our earliest work (Christlein et al. 2014), we used RootSIFT
descriptors as local descriptors in combination with GMM supervectors for encoding.
A variant of the GMM supervectors was also used in our most recent work (Christlein
et al. 2015b), where they are employed to encode CNN activation features. In contrast,
vectors of locally aggregated descriptors (VLAD) are used to encode Zernike moments
which were evaluated densely at the script contour in our other work (Christlein et
al. 2015a). This approach won the ICDAR 2015 competition on multi-script writer
identification (Djeddi et al. 2015).

3 Methodology

Since the contour extraction involves more steps in historical documents than for clean
benchmark data, we employ sparsely sampled RootSIFT descriptors (Arandjelovi¢
and Zisserman 2012) for our baseline method. For the aggregation of these local
descriptors, we use multiple VLAD encodings (Jégou and Chum 2012; Jégou et al.
2012). The global descriptors of the training set are used to train a classifier for the
date prediction.

The full workflow consists of three main steps: 1) local feature extraction, where
we employ RootSIFT descriptors, 2) the aggregation of the local feature descriptors in
the encoding step, 3) estimation of the date by means of linear regression.

3.1 Feature extraction

We make use of the Scale Invariant Feature Transform (SIFT) (Lowe 2004). SIFT
descriptors encode the orientations of gradients in the neighborhood of scale and
rotation invariant positions (keypoints) in the image. Note that we set the keypoint-
angles to zero, since rotation-invariance is not necessary for the classification of
handwriting (Fiel and Sablatnig 2013). Each SIFT descriptor is normalized using the
Hellinger kernel (Arandjelovi¢ and Zisserman 2012), i. e., the square root is applied
to each element, hence the name RootSIFT. This normalization reduces the effect of
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dominating values in the SIFT descriptor and has been shown to be very beneficial
for writer identification (Christlein et al. 2014).

3.2 Encoding

The formation of a global descriptor is accomplished by the use of VLAD (Jégou et
al. 2012). First, a dictionary C is computed from local descriptors using k-means. It
consists of K cluster centers y_€ RP, k € {1, ..., K}. For each cluster, all residuals
between the cluster center and its nearest local descriptors are aggregated. Formally,

given T as local descriptors x, € RP, t € {1, ..., T} of a single image:
Vi = Z (Xt - /lk) ) (1)
Xyt NN(Xr):Fk

where NN(x) denotes the nearest neighbor of x. Then, the full K x D dimensional
global descriptor follows by concatenation:

v=01, ., vl )

Jégou and Chum (2012) showed that it is beneficial to use more than one dictionary
resulting in multiple global descriptors. These are jointly decorrelated and dimension-
ality is reduced by means of PCA whitening. This has also been shown to improve
the results for writer identification (Christlein et al. 2015a).

3.3 Date regression

To estimate the date the decorrelated VLAD vector v is used in a linear Support Vector
Regression (SVR). The best hyper-parameters for the SVR are selected in an inner
5-fold cross-validation.

4 Evaluation

In this section, we introduce the dataset and error metrics that we use for evaluation.
For the evaluation, we conduct several experiments using different preprocessing and
sampling techniques for the feature extraction.

4.1 Dataset

The dataset used for evaluating the date estimation consists of 697 digitized medieval
papal charters with known date. The documents come from three different archives.
The majority (580) were provided by the Gottingen Academy of Sciences and Hu-
manities (papsturkunden.de), 67 charters are provided by the Collaborative Archive
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Figure 2: Distribution of documents in the dataset over the years.

Monasterium.net (Mom), and 50 stem from the Lichtbildarchiv &lterer Originalurkun-
den - Philipps Universitiat Marburg (LBA). Most digitized images are retro-digitizations,
i.e., digitizations from analog photos. Thus, the resolution and size of the documents
vary greatly. Many documents also contain characteristics such as folds, stains, and
rips, cf. figure 1. Also note that documents from the LBA contain a watermark which
might have a small effect on the test accuracy (although the test set only contains two
LBA-charters). The charters consist of one single document image. As a consequence,
our experiments are inherently document-independent. We cannot guarantee an
evaluation independent of the writer because the scribal hand is not known for the
majority of the corpus. For in the time between 753 and 1197 AD, around 25 000 papal
charters are handed down, about 20 000 of which are dated to the 12 century (see
Hiestand 1999, 4), the chance of finding the same scribal hand in two different charters
is presumably quite low. The dates of the charters of our dataset range between 1047
and 1196 AD. The year-sample distribution is depicted in figure 2.

We do not use the complete charters, but only the main context area, see figure 1
for an example. This way, it is guaranteed that graphical symbols (rota, benevalete,
etc.) do not influence the results, and only the handwriting style is used for the date
estimation. The main context areas were annotated during the project Script and Signs.
A computer-based analysis of high medieval papal charters. A key to Europe’s cultural
history (PuhMa). We randomly split the dataset in roughly independent training (630
documents) and test (69 documents) sets.

4.2 Error metrics

We evaluate the predicted years of writing according to several error metrics. The Mean
Absolute Error score (MAE) provides a simple indication of the average performance
of the estimator:

1N
MAE:N;.YF}AG ) (3)
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Variant MAE RMSE

Baseline 20.62  25.09
Baseline w.o. extr. kpts ~ 20.81  25.21

Table 1: Evaluating the influence of extremely sized keypoints. The first row shows the results for the
baseline, while the second row shows the results for the baseline method without extremely sized
keypoints.

where N is the number of test documents, and y; and y; are the true and estimated
years for document i, respectively.

In order to gain some more insight into the behavior regarding outliers, we consider
another metric, the Root Mean Squared Error (RMSE), which puts more emphasis on

outliers than MAE:
1Y 2
RMSE = N Z (yi-9)- (4)
i=1

Finally, the Cumulative Score (CS) (Geng et al. 2007) is a useful metric in cases where
there is no or little value in a perfectly exact prediction. Instead, it assumes an
acceptable error a (here given in years) and gives the percentage of the predictions
that fall within this margin of error:

N,

CS, = — - 100%. (5)
N

4.3 Experiments

We evaluate different aspects regarding the size and sampling strategies for the
RootSIFT descriptors. First, we try to limit the number of descriptors, next we
experiment with reducing the image size. Finally, we evaluate the impact of different
sampling strategies.

The baseline in our experiments denotes the pipeline as explained in section 3.
Table 1 shows that the baseline approach gives an MAE of about 20 years and an
RMSE of 25 years. According to the literature (see section 2), this is comparable to
the state of the art in image-based dating. It follows that the transfer from a writer
identification method to a date estimation method was successful.

Reducing the number of descriptors

In a first experiment, we removed keypoints varying more than twice the standard-
deviation from the mean keypoint size. This way, non-standard keypoints are removed.
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Variant MAE RMSE
Baseline (unscaled) 20.62  25.09
Scale 2048 2197  26.53
Scale 1024 40.67  47.28

Center-crop 2048 23.52  28.65
Center-crop 1024 32.56 38.84

Table 2: Comparison of the unscaled baseline results with scaled, or cropped versions of the image.

More formally, a keypoint k is removed when:
stk)zpt2-0, (6)

where s(k) is the size of the keypoint k, and y and o are the mean and standard
deviation of all keypoint sizes in the image respectively. See for example figure 3b,
where the orange keypoints denote the extreme keypoints, i. e., those omitted for this
experiment. Interestingly, table 1 shows that this step is not advisable in comparison
to the baseline raised by the RMSE and MAE. It seems that larger keypoints, which
result in descriptors covering a larger image portion, are beneficial. Thus, we do not
remove extremely sized keypoints in the following experiments.

Influence of image scaling

Next, we evaluate the impact of image scaling. Since the images are quite large (in
average 2603 x 2021 pixels), this would decrease the computational load. Thus, we
scale down the images in such a way that the larger dimension consists of 2048 (1024)
pixels by retaining the aspect ratio of the image. In two subsequent experiments, we
take the center-crop of 2048 x 2048 pixels (1024 x 1024). If one image dimension is
smaller we take this dimension, i. e., min(2048, width) » min(2048, height), proceeding
similarly for center-crops with 1024 pixels in each dimension.

Table 2 shows that any scaling harms the date estimation. However, results for
the unscaled baseline are only slightly better than a moderate scaling of 2048 pixels.
A scaling to 1024 pixels worsens the results drastically. A possible reason might
be the lower number of detected keypoints, and, thus, extracted descriptors in the
image. Using the center-crop of 2048 pixels is slightly worse than rescaling to 2048
pixels. Interestingly, the center-crop of 1024 pixels is much better than its scaling
counterpart.
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Figure 3: a) excerpt of figure 1; b) SIFT keypoints (orange: keypoints with extreme size), for the baseline
results all keypoints are taken; c) contour sampling; d) masked SIFT keypoints.
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Figure 4: Top: Cumulative absolute error distributions of the different sampling strategies. Bottom: Histo-
gram (with 25 bins) of errors using the PHOW method.

Influence of feature sampling

As alast experiment we evaluated different sampling strategies, i. e., we compare dif-
ferent positions (keypoints) at which feature descriptors are computed. The baseline
uses the original SIFT keypoint detection proposed by Lowe (2004), see for example
figure 3b. At these keypoints, the RootSIFT descriptors are extracted. We compare it
with three different variants:

1.) We compute the keypoints as before but use only those which are close to the
handwriting script (denoted as Masked RootSIFT). Therefore, we compute a mask
which mainly consists of handwriting. To segment the handwriting in background
and text, we apply the binarization technique proposed by Su et al. (2010). Re-
maining noise is reduced by removing connected components thare are too small
(less than 20 points) or too large (larger than 3000 points). The mask is dilated by a
5 x 5 circular shape to allow keypoints at the border of the handwriting. Figure 3d
shows an example of masked keypoints.
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Variant MAE RMSE  CS,,

Baseline 20.62  25.09 67.61
Masked RootSIFT 2145 27.19  69.01
Contour RootSIFT  17.17  23.01 73.24
PHOW 16.95 21.04 78.87

Table 3: Evaluation of different sampling strategies.

2.) We use the points situated at the contour of the handwriting (denoted as Contour
RootSIFT). Therefore, we use the same strategy as before without the dilation step,
see for example figure 3c for the extracted contour. At each contour point we
evaluate the RootSIFT descriptor.

3.) Finally, a fast and dense variant of SIFT, known as Pyramid Histogram of Visual
Words (PHOW) (Bosch et al. 2007) is computed. We extract the PHOW descriptor
from the slightly downscaled version where the larger image dimension was
resized to 2048 pixels. Descriptors having a norm lower than 0.05 were discarded
since they stem from homogeneous areas. We used multiple bin sizes (4, 10, 16)
and a step size of 10. The descriptors are Hellinger-normalized, similarly to the
RootSIFT descriptors.

Table 3 shows the results for the four different strategies. It reveals that the masked
variant of RootSIFT slightly worsens the results. This might be related to parts where
the segmentation for the mask creation fails. In contrast, the contour-based RootSIFT
and the densely sampled RootSIFT descriptors both surpass the baseline results by a
significant margin. Both achieve similar results of about 17 years MAE. Regarding
the RMSE, PHOW is in favor. Note, however, more keypoints are computed for these
two methods and an order of magnitude more than for the baseline. This effects
the computational costs for the feature extraction (especially for the contour-based
method) and for the encoding step since more descriptors need to be accumulated.

The CS,; draws a picture similar to the MAE and RMSE values. However, figure 4
(top) shows that in ranges below 20 years, the cumulative score of the contour-based
sampling strategy is in favor. Figure 4 (bottom) depicts the error histogram of the
PHOW method. While there are fewer documents outside errors of +25 years, there
is a clear peak around 0 showing that several documents could be dated very exactly.
Note that the results show a significant (Pearson-)correlation of 92% between the
regression output and the true date (significance level 0.001).
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5 Conclusion

In this work, we have shown that a method originally developed for writer identi-
fication can be transferred to fulfil the task of dating historical manuscripts. The
historical manuscripts we used are not comparable to clean benchmark data, they
are typically digitized in high resolution but contain deficiencies such as holes or
stains. For this reason, we evaluated different strategies to lower the computational
burden by reducing the image size. The results show that, while moderate scaling is
acceptable, the results drop drastically in case of excessive scaling.

We also showed that sampling strategies other than SIFT keypoints improve the
results. Both a dense SIFT variant (PHOW) as well as contour-based sampling surpass
the baseline achieving an MAE of about 17 years and an RMSE of 21 years. However,
the increase in keypoints comes at the cost of an increased computational complexity.

For future research, we would like to expand our studies regarding the feature
sampling. Maybe other keypoint strategies, such as a sparse contour sampling could
decrease the computational cost. Given enough training data, deep learning tech-
niques could also be used for dating handwritten text similar to the work of Li et al.
(2015).
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Some Roads to Script Classification: Via Taxonomy
and Other Ways

Torsten Schaflan

Abstract

In codicology, the features of a script play an important role for dating and localising
the manuscript. There are other questions that can be dealt with by examining
these features, e.g. questions of intellectual history, influences of literary genres,
or influences of organisational aspects of scriptoria on the shape of a script. But
especially in the context of manuscript cataloguing the classification of script is
of highest importance if other evidence such as a colophon or references like the
naming of celebrations for local saints cannot be found. In order to contextualise the
features of a script, palaeography has always striven for inference of a taxonomy
from visual properties. Like in other disciplines, the community was not successful
in achieving one common naming schema but constituted concurring taxonomies.
Thus, the question arises what to do with these in times of the need to search huge
amounts of manuscript related data in portals? New approaches in standardisation
on the one hand, and semantic technologies and methods for image processing on
the other hand, offer new possibilities to access to the manuscripts.

Zusammenfassung

In der Kodikologie spielt die Merkmale einer Schrift fiir die Datierung und Lokalisie-
rung der Handschrift eine wichtige Rolle. Zwar lassen sich auch andere, geistesge-
schichtliche Fragestellungen an diese Merkmale ankniipfen, wie etwa der Einfluss
der Textsorte oder die Organisationsform eines Skriptoriums auf die Schriftgestalt,
aber insbesondere im Kontext der Handschriftenkatalogisierung dient die Schrift dort,
wo Kolophon, Nennung lokaler Heiliger oder andere inhaltliche Beziige fehlen, der
Ermittlung dieser wichtigen Information. Um die Merkmale einer Schrift in grof3ere
Beziige einordnen zu konnen hat die Paldographie immer schon versucht, aus den
visuellen Eigenschaften eine Klassifikation abzuleiten. Wie in anderen wissenschaftli-
chen Zweigen auch hat sich die Zunft aber nicht auf ein Benennungsschema einigen
konnen, sondern konkurrierende Klassifikationen ausgebildet. Wie soll aber in einer
Zeit, da verstarkt Handschriftenkataloge und andere handschriftenbezogene Infor-
mationen in Portalen durchsucht werden kénnen und aufgrund der tiberwéltigenden
Menge auch durchsucht werden miissen, mit diesem Problem umgegangen werden?

Kodikologie und Paldographie im Digitalen Zeitalter 4 — Codicology and Palaeography in the Digital Age 4. Hrsg. Hannah
Busch, Franz Fischer und Patrick Sahle, unter Mitarbeit von Bernhard Assmann, Philipp Hegel und Celia Krause. Schriften
des Instituts fiir Dokumentologie und Editorik 11. Norderstedt: Books on Demand, 2017. 165-177.
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Neue Standardisierungsversuche auf der einen Seite, semantische Technologien und
Bildverarbeitungsmethoden auf der anderen Seite bieten Moglichkeiten, Zugénge zu
Handschriften zu erméglichen.

1 Introduction

Today, a large amount of manuscript data is available from various digitisation efforts.
How can these data be accessed? How do we find the way to a single manuscript or to
a defined group of manuscripts? Besides other means such as the subjects covered, the
works contained in, or persons related to, the manuscript, the classification of scripts
may give researchers a tool to find the needle in the haystack. The main questions
addressed in this paper are: How can such a classification be established? How has
it been done in the past? What are the challenges and how can they be overcome
with the possibilities of modern technologies and algorithms? While addressing these
questions it shall be made clear that this article is not written from a palaeographer’s
point of view or claims to be a quest for some ‘truth’ about scripts and the names
assigned, but from the perpective of someone who strives to support research by
publishing manuscript data and who has to pave paths through masses of data, images,
and descriptions alike. Thus, this paper focuses more on information theory and the
usefulness or power of algorithms. Additionally, palacography will be examined only
in the context of script description and classification and not according to its possible
other functions such as its relation to society and language or as an art (Cf. Stutzmann
2005, 16f.; Castro Correa 2014, 248).

2 What do we need script classification for, and why?

Stokes uses the term palaeography in the narrow sense as “the study of (medieval)
handwriting with view towards its history and development and the identification,
localization, and dating of scribes” (Stokes 2012, 137; emphasis by the author.) One
would want to add: Palacography is needed for localising and dating manuscripts.
This task, the localisation and dating, has to start with ‘basic truth’, i.e. located and/or
dated manuscripts, examine the script — and other, external evidences —, recognise its
features and compare undated manuscripts with these examples in order to localise
and date them. Now;, this is what palaeographers have been doing since ages.

In order to share this information, e.g. through catalogues, the palaeographer had to
describe what he/she saw in the manuscripts. Even today, catalogues describe scribal
features. Derolez points out the problem with this approach: “How is it possible to
proceed in such a way that the description of a specimen of handwriting is as clear
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and convincing to its reader as it is to its author?” (Derolez 2003, 7) Firstly, author and
reader have to use a shared language in order to understand each other, and, secondly,
the reader has to know what to look for if he wants to recognise what the author
has seen in a certain manuscript. And, as Derolez continues: “The method applied
hitherto in palaeographical handbooks has produced an authoritative discipline, the
pertinence of which depends on the authority of the author and the faith of the
reader” (Derolez 2003, 9) This refers to the fact that the description establishes a
special relation of belief, that the description in a catalogue is detailed enough to be
understood and accurate enough to be true.

A very recent example for this problem is the following: Bernhard Bischoff is an
authority if it comes to script, localising, and dating of manuscripts. When Hoffmann
reviewed the last volume of Bischoffs Katalog der karolingischen Handschriften, edited
by Birgit Ebersperger and published post-mortem, he criticised the editor for adding
Gudianus latinus 269 to the catalogue. She interpreted Bischoff and added Corvey
as a place of origin. Hoffmann asks: “Und wer kann gar mit Sicherheit sagen, daf}
es Corveyer Hinde waren? ” (Hoffmann 2015, 17) It seems that Hoffmann would
probably have trusted Bischoff but he scrutinises — and challenges — Ebersperger.!

Still, the long(er) descriptions of script have always been assigning a name to the
script in question. This name represents the most common features of a certain script
and is generalised from distinct hands. The term just offers a general impression of a
script and does not allow for describing a certain hand. This term is listed in the indices
of catalogues in order to allow for easy access to the manuscripts. The community
learned to agree — more or less; we will come back to that — on a common list of
terms.? The naming convention derived would be the basis for a controlled vocabulary
in the first place and could be arranged into a taxonomy or even an ontology. Here,
‘Digital Humanities methods’ come into play, i.e. the application of technologies such
as RDF, TripleStores and so on.

One remark on the notion of Stokes in his 2012 article on Palaeography and the
‘Virtual Library’ of Manuscripts in which he claims that “[t]he use of verbal description
can probably never be avoided, because any use of a manuscript or facsimile is an act
of interpretation.” He continues: “We must be told which aspects of the letterforms are
considered significant, how these significant differences compare between samples,

1" Stutzmann claims that the status of being a connoisseur and, thus, an authority has long since been

overcome and replaced by set objective criteria and precise terminology. A difference, however, would
remain in the criteria applied. But, as Stutzmann critisised Derolez’s system, by introducing ‘accuracy’
as another aspect to distinguish scripts, some level of subjective interpretation beyond the nomenclature
continues to influence the analysis. (Stutzmann 2005, 19f)

While Overgaauw had to conclude in 1994 that huge advances had been made for Carolingian and
pre-Carolingian scripts but still no such advances were possible for the Gothic scripts (Overgaauw 1994,
100), Stutzmann reviewed the work of Derolez as “far more than just another palaeographic hand-book
which offers a comprehensive nomenclature of gothic scripts.” (Stutzmann 2005, 1)
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and so on, and if we are not told this we are at sea as is demonstrated by an existing
attempt to categorize letterforms by images alone” (Stokes 2012, 141) This quotation
will have to be reviewed in the light of the techniques described in the last part of
this paper as there are ways of measuring differences with digital technologies.

What one can find in all the data about scripts in the databases is the result of the
reduction of specimen to simple, short terms. The collection of terms from indices
forms the first approach to a controlled vocabulary. Yet, the community of cataloguers
tends not to be satisfied with just a small number of terms and names for scripts but
always strives for a better distinction between the scripts. A brief survey of recent
cataloguing and digitisation projects highlights the problem to find a balance between
the advantages of a very short list of terms versus a longer list of (probably) more
accurate terms. Only such projects have been chosen which offer the cataloguer a
predefined list of terms.? Table 1 lists the terms provided by the projects ENRICH,
Europeana Regia, and the Swiss manuscript portal e-codices: The terms have been
defined in the TEI schema for manuscript description. They are used at the elements
<handNote> and <scriptNote>, more specifically on the attribute @script on these
elements.

While there has only been defined a relatively small number of terms in the ENRICH
project, the other projects add numerous terms to the list. All of the terms added are
specific to the experiences made by the project partners respectively, representing the
scripts that are common to the manuscripts in the collections or of that geographic
region. During cataloguing those manuscripts, the participating institutions and
heads of the projects must have felt the need to use these terms. The rather short list
of the ENRICH project was meant to allow for searching and grouping the manuscripts
by script in the first place. However, the other institutions and projects must have
thought about a better representation of the heterogeneity of scripts. It is clear that
too large a number of terms will serve none of the needs one might have: a list of too
many entries will neither allow for faster access to the manuscripts, nor be able to
describe the world of scripts and differences between hands and scripts in enough
detail to replace imaging and the experience of the palaeographer. It is clear that, the
closer one looks at scripts, the more differences one will recognise until not even two
hands or scripts have the same properties in order to be called ‘one script’ or hand.*

Not included are databases such as Manuscripta Mediaevalia which allow cataloguers to review the terms
other cataloguers have used before them and just choose from them or enter any term they want. For
that practice see Riecke 2009, 225: “Die Ansetzung der Eintragung sollte sich an den bereits vorhandenen
Termini orientieren [...]. Bislang wurden beispielsweise eingegeben: Buchschrift, gotische; Capitalis; Ge-
heimschrift; Humanistica; Kanzleischrift; Kurrentschrift; Kursive; Majuskel, angelsachsische; Minuskel,
karolingische; Perlschrift; Rotunda; Textualis formata; Unziale; Vortragsakzent.”

Cf. for that idea the ‘Coastline paradox’, which Peter Robinson applied to textual scholarship problems
of textual variation in his paper (Robinson 1996. Original by Mandelbrot 1983).
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ENRICH Europeana Regia (added values)  e-codices (added values)

carolmin capquad antiqua
textualis caprust precar
cursiva uncialis spaetcar
hybrida semiunc praegot
humbook benevent gotica
humcursiva luxeuil semicursiva
kanzlei corbie greek®
kurrent insulmin hebrew
alemmin
raetmin
carolgot
textura
rotunda
cancell
bastarda
cursant
cursrec

Table 1: The terms provided by the projects ENRICH, Europeana Regia and e-codices

The general question would then be whether a community could agree upon a
single list of terms for script classification at all? There are two kinds of problems
connected to this: On the one hand, there is the difficulty to agree upon proper names
for scripts that are similar to each other and might be distinguished only by minute
characteristics. On the other hand, scripts might have been given different names
over time although the visual features of those scripts would suggest likeness.

3 Traditional approaches

In order to examine the features of a script in larger contexts, palaeography has always
striven to establish a taxonomy with inferences of the visual properties. Similar
to other disciplines, the community was only partially successful to achieve one
common naming schema, but constituted concurring taxonomies. These inherited
different types of problems such as having different names for similar scripts, entities

5 The inclusion of the terms ‘greek’ and ‘hebrew’ would add to the issues of classification of script

discussed so far other aspects such as ‘script and language’. As the topic of this paper is to examine
the possibilities that certain technologies offer in order to overcome some problems, the inclusion of
non-Latin scripts shall not be addressed any further.
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overlapping geographically, or names of entities changing meaning over time causing
ambiguity as one cannot be sure whether the term still covers the same entity, e.g. an
area.

An example for the first issue, having different names for similar scripts, is the prob-
lem with terminology for Bastarda scripts as well as for Insular Carolingian minuscle.
Stokes mentions this example of overlapping respectively divergent terminology.
Alexander Rumble’s guidelines include, among other terms, the ‘round Anglo-Saxon
minuscle’. This script is called ‘Caroline minuscle’ by Ker, ‘Anglo-Insular minuscle’ by
Boyle, ‘Anglo-Saxon round minuscle’ by Brown, ‘Anglo-Saxon vernacular minuscle’
by Dumville, ‘English Caroline minuscle’ by Roberts, and, finally, ‘English vernacular
minuscle’ by Stokes himself. (Stokes 2012, 147) One — traditional — way to deal with
this issue would be to define a concordance and mention divergent names together,
as e.g. Derolez does. (Derolez 2003; a concordance Stutzmann 2005, 63)

An example for the second problem, entities overlapping geographically and being
not defined clearly, can be found in related subjects which are relevant for palaeo-
graphy: the names of places and regions as used for localising script and manuscripts.
When we find entries such as ‘Stidostdeutschland’, ‘Osterreich’, or ‘Bayern’ in a cata-
logue like Bischoff’s catalogue of ninth centuries manuscripts, which entities do these
refer to?

An example for the last issue, the change of names of entities over time, may be
the distinction between ‘Niederdeutschland’ and ‘Norddeutschland’.® Here, the same
methodologies have to be applied.

4 ‘Healing’ concurrence

At this point, it is necessary to repeat the definitions of some terms that are regularly
— but sometimes perplexingly or wrongly — in the discussion of characteristics:

«+ A controlled vocabulary is just a collection of terms describing one aspect or
feature. If the controlled vocabulary covers all aspects and is therefore ‘complete’,
it is called a nomenclature.

« A taxonomy is an ordered, mono-hierarchical classification of the