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ABSTRACT

In this dissertation, | present a new framework for automated description, archiving, and
identification of paper watermarks found in historical documents and manusdtigtsearly
manufacturers of paper have introduced the embedding of identifying aratkmatterns as a sign
of a distinct origin and perhaps as a signature of quality. Thousands of watermarks have been
studied, classified, and archived. Most of the classification categories are based on image similarity
and are searchable based on a seetihed contextual descriptorBhe novel methodgresented
here is for automaticlassification, identification (matching) and retrieval of watermark images
based on chain code descriptors (CC). djmgroach for generation of unique @€ludes a novel
image preprocessing method to provide a solutiomotation and scale invariant representation
of watermarks. The unique codes are truly reverspaviding highratio lossless compression,
fast searchingand image matching. The development of a novastdnce measure for CC
comparison is also presented. Examples for the complete process areisingtherecently
acquired watermarks digitized with hyggpectral imaging oSumma Theologicahe work of
Antonino Pierozzi (1389 1459). The performanceof the algorithm on large datasets is

demonstrated using watermarks datasets fromkmeNvn library catalogue collections.
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CHAPTER 1
INTRODUCTION
Paper watermarks are invaluable to the scholars and enigmatiatavihe Watermarks
are interesting, beautiful and revealing. Intriguedvayermarks, people have been searching,
discovering and cataloguing them for centuri@]f The oldestknown watermarkwas
discovered byBriquet printed on paper produced in 1282 Fabriang Bologna Italy [8].

Catalogued awatermark#541Q it represets a Greek cross with circles hetcrosscenter and

crossends Figure 11].
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Figure 1.1: Digital images of the oldest known paper watermarks. Greek cross
(#5410) and name of paper maker (#1R1).C. Briguet, publishesLes filigranes[8]

Perhaps the very first watermarks were produced by brokalidmaes leaving noticeable
marks in the dried paper in addition to the inherent laid and chain lines af¥f&don after
the paper production began in Europe, some faaturers added wires to form simple shapes
to leave an impression with a desired pattern on the finished paper product. The resulting effect
was an embeddé&d fiwfiteduring the pul pds dryi
become known oasggindly wateamarksaay kave servetb identify papers
produced by different workmen within a factory to mark specifically their production for which

t hey wer e 0 pl.dhedalstwere psedeaa peoof offthe manufactung date,asan



indication of paper sizand orientation during the papsreetcutting procesd.ater on over
the centuries and nowadaysper watermarks are used to identify papeners,authenticity
and also for protemn from forgery and theft oimportant documes such as bank notes,

passportsand others.

1.1  Research notivation

| was introduced to the world of historical documents and paper watermarks in 2014 when
| joined CODICES, a multidisciplinary team of professors and graduate students at University
of Missouri T Kansas City. The team was engaged in studying historical books and
development of methods for digital imaging and artefacts discovery. In particular, | was
involved in the hyperspectral imaging®imma Theologiogdigure 12). The fourvolume set
is the workof Antonino Pierozzi (1389 1459) and contains margf the contemporary

watermarks

Figure 1.2. Prima, Secunda and Tertia ofSumma Theologica the work of Antonino
Pierozzi (1389 1459).

In the processf learring aboutwatermarkstheirorigin and historical importance, | also
understood that there are no easy and automated methods for watermarks description,
cataloging, and identificatiorBased on my experience in digital image processing and

biometrics, | started to search for an aggdblemethodto describéhe watermarks a concise



and unique modeAfter all, the watermarks are a specific clegsclassesof shapes and there
are numerous methods for shape descripiiosummary, | have identifiechaxisting problem

and | chaknged myself to find a good and possibly an elegant solution.

1.2  Thesis objective

The objective of this thesis te develop a method for deterministic descriptafrpaper
watermarks found idigital images ohistorical documents and manuscrifike goals to be
able to describe a watermark in a whgt can result im uniqueandconcisecode that can be
used foridentification The ability to generate such an ID would result in capability to facilitate
the automaticlassification comparisonsearch ad retrieval of watermark databases.

It turns out that the identified problem with watermarks description and classification is a
persistent oneCurrently, the description, classification, storage, search and retrieval of
watermarks is text basethis appoach is known as a content based image retrieval (OBIR)

a predefined list of categories and features used to describe a watermark for classification and
identification purposeSome of the difficultiesf this approactarise from the ifferent level

of adherence to the existing standards for watermarks database developmentdatdaais

and collections in braries are organized without an overreaching and an interoperability
governing standard. A set of predefined parameters and criteria are usegafuriog the

digital images of watermarks (qualitative type classification). The modern tools for data
storage, organization, and online access have facilitated the use of the existing databases and
their expansions. However, the processdelstill remans a highly intense work based on
textual descriptionand search interactionshe development of better methods for archiving

and search models is ongoing.



Int h ei r Théegramkdesign 10|, S. Hawkins and L. Mlodinow outline four important

characteistics of a good model. They specify that a good model is:

1. Elegant.

2. Contains few arbitrary or adjustable elements.

3. Agrees with and explains all existing observations.

4, Makes detailed predictions about future observations that can disprove or falsify

themodel if they are not borne out.

The authors elaborate that it is not clear how to defiedfirst characteristidi e | e.gant 0
Theyrefar ed t o t lamouEquoté& A leli ntdlsi ng have to be made
t h an NeuJersheless) elegaahd he othertthreecharacteristics are very applicable to the
features of a good descriptor. Actually, a descriptor is a product of a method that follows a
selected representation modelthis regard,deally, the watermark descriptor would have the
following properties:

1 Universally applicable

i Easy to generate

1 Unique (ability to capture watermark shapesldetails)

1 Complete (there is no need for any additional information)

1 Quantitatively comparabl e (abil ity t o
similarity)

This thesis outlines the framework af method forgeneration of uniquenumerical

descriptor foidentificationof digitized watermarksvith the desired properties listed above



1.3  Thesis ontributions

The novelcontributions inthis thesist i t Fram@work forAutomatic Identification of
Paper Watermarks with Chain Cadeare as follows:

1. Generation of unique numerical watermark descriptor basedlain code.

2. Methodfor rotation, scale, and translai invariance of the generateldlain mdes
(RST-invariant chain code)

3. Method for an extendemctoandver variability capture.

4. Method tocompare two chain codes with different sizedistance metric for
similarity measurements.

5. Exact regenerativemodel based on chain code witery high ratiolossless
compressiomf watermark images

6. An alternative, Bw nonrcontact watermarks reproduction method.

7. Developnent ofa composite feature vect¢CFV) for complete description and

comparison of watermarks

All of the above contributiogicould be summarizess:

X Introduction of the @ram as a unique descriptor of watermarks.

The design and implementation of the novel methods are described in the following
chaptersTh e t agiginalo cbuld be added to the proposed methodsdizatethatthey are
introducel for the first time andirenot an alternativé i n eimpéeinentation of an existing
method. In this regardive of the £vencontributions areriginal ideas and novel solutions
with practical applications to paper watermarkdditional supporting materialassociated
with generation of chain codese also provided. Performance evaluation of greposed
methods is provided and also compared with a leading modern machine learning atgorithm
based on convolutional neural netwoessd bag of visual wordsn the last chapter fter a

summary and discussion of theoposedramework, | outline directions for further research.



14 Thesis overview

The previoussections in Chapter 1 have given an introduction to the importance of paper
watermarks, the problems associated with studying them, and the motivation to develop a
method fordeterministicallydescribingvatermarks with ability to compare and identify them
The rest of thishesisis organizedas follows:

Chapter 2: Paper and paper watermarksis a brief overview of the history of
papermaking. It also describéhe natural occurrence of the watermarks in the procgess
papermakingand the importance aftudying watermarks. Thetdrature reviewpresents a
coverage of background and literature surwejsvant to the researchhe scope was focused
on paper watermarks and their history, an introductmthe history of paper making and the
origin and evtution of watermark creatianThe chapter offers a review of the techniques used
for capturing watermarks from historical documents. The current methods for description,
classification, storage and retrieval of watermarks are outlined along with théatioms. The
design of a modern hyperspectral imaging system is introduced with demonstration of
experimental results. Some techniques for watermark images procassdimgstoratiorare
presented.A new method for notontact watermark reproduction is noduced and
application examples are demonstrated.

Chapter 3: Automated identification of paper watermarks provides a overview of
existing shape descriptors and justifies the applicability of chain code for watermark
representationlhe motivation for aewmethod of watermarétescriptions further elaborated
and the implementation is demonstratddhe generation of the chain code is presented with

the reversetransform demonstrating that chain codes are inheremnyganerativdossless



compressiorngine.The compression of thehain codes extended with a novel 24t group
presentation with ASCII base 8bhe main limitatios of the chain codes are descdbéd)
their rotation and scale dependence; andd}existing ability tonumericallycompae them

Chapter 4: Rotation, scale and translation invariant chain codedemonstrates
original framework forgenerabn of chain code basedon watermark signatueethat are
independent of the size (scale) and orientation (translation and rotatiomg wfatermark
image. The minimum boundary box is introduced as a preprocessing technique that provides
normalization of thevatermark images in a dataset and is thésliasgeneration of rotation,
scale and translation invariant (R8Wariant) chain code The recto and verso imaging
variability of watermarks is also discussed and a solution for testing and invariant
representation is proposed.

Chapter 5: Comparison of chain codantroduces a originalmethod for comparison of
chain codesThe chapteelaborate that while the dependence of chain codegatation and
scale have prevented their use, the ability to compare chain codes wadatsnantimiting
factor. The review ofresearctworkson chain codes and the seafehsolutions toovercome
thar limitations are presented. Next, the new distance measure algorithm is presented with
demonstration of its ability to compare chain codes with the same or different lengths. The
application of theoroposed chain coddi st ance met r isimilartyoneasureais e r mar
demonstrated.

Chapter 6: Automatic identification of watermarks with chain codesis presenting the
results ofthe application of the new method to a real dataset of waterm@iHes selected
dataset is described with a statistipadtification of the applicable sample test size. The

performance of the new method is evabalatith receiver operating characteristics curves. For



the purpose, a random artificial degradation of the chain codes is intdodumeurther
demonstrate theeVel of performance of the new methdds compared witlithe application
of modern deep learning technigue Convolutional neural network (CNN) was constructed
and applied to the same set of watermark images. In order to expand the sample size, syntheti
image degradation techniques are used. The expanded dataset was usefdldiam&ysis
andrandomseparation of the data on training and testing subBeg¢sbag of visual words was
also tested with ten classes of the same dataset and the classifiestilts are presented with
confusion matrices for different training and testing scenarios.

Chapter 7: Watermark composite feature vector(CFV) is introduced to address the
goal of complete description of watermarks. The complexity of watermarks isndeaated
with several examples. The structure, composition and use of the@Ee¢monstrated with
ability to speed up searchasd retrieval®f watermark database.

Chapter 8: Summary presentsn overview discussion of the work presented in this thesis.
Conclusions for capabilities of thmoposed originalrameworkfor automated identification
of watermarks based on chain code are presented. The achieved results are used to illustrate
the potential of the new method amdunderline the opportunity fggossible improvements
Future directiom regardingthis are of research are listed leaving the proposed framework
open for improvements and optimization. The hope istthiatmethodwill become a useful

tool in filigranology



CHAPTER 2
PAPER AND PAPR WATERMARKS

2.1The history of paper

Paper wa whatirreversiblyconvertedsocieties r o m A to thewritenwarto . fA Paper
TPaging through hi st f1],ygives a weHjustMed rfdundatanrofi a ns k y
understanding the importancepHpermaking as one of the major technological advances of
humanity The book guides the reader through centuries of insepacablievelopment of
human societies and their abilities to make anduse p&psr. t he aut hor puts i
history of paer exposes a number of historical misconceptions, the most important of which
is this technological fallacy: the idea that technology changes society. It is exactly the reverse.
Society develops technology to address the changes that are taking plicen witili . 0 |
Prologue, pp. XIV]

Many other books make significant contributions to the body of knowledge about paper
and papemaking [1, 13, 14, and 16]. Becaudehe quality and signifiaece of the work of
Dard Hunterhis bookof i Paper maki sgor Vhand Techni dlue of
is a leading example in many referencelists Nt er 6 s f amous book was p
numerous editions continue to be valuable s@with very detailed information. In this thesis
there will be mulfple referrals to different sections bfu n t leookéls his first chapter,
ABef ore Paper o, Hunt er poi nts othdt papeawwas Chi ne
invented intheyear 105 CE bym e u n u ¢ h ainLanijie 32]. This réference is quite
common. However, theuth has been challenged (andlggend ruineflby twentiethcentury
archaeol ogi cal expeditionsd discoveries of |

which predatehe CE.



The exact discovergateof paper as a new surface for writing is not of specific importance
for this thesisWe may use it as a reference to point thadr sincehe time ofits invention,
paper coexisted with other materials for writing: papyrus, silk, tapa, parchment, \aitlm
others.The list of essential reference books on the subject of papermaking and the history of
paper is given in the Bibliography of this theslis 11, 1316]. Many additional sources are
referenced throughout ttiellowing text.

From China, papermalg finds its way to Korea and the Japanese archipelago in the sixth
century. In the seventh century, paper became known in Vietham and India. Papermaking was
a wellguarded secretnd a source of lucrative income for the Chinese empire. Atupoint
was the battle of Tals in 751 when some Chinese papermakers were captured and possibly
saved their lives by revealing their craft to thebAsideCaliphate L7].

The Arabs learned how to make paper which they céliggthidor girtas, words believed
to be d¢ Chinese origin. Through Syria, Egypt and the Northern cost of Africa, the craft of
papermaking reached Momx By the eleventh century, the city of Fez in Morocco had
become an important paper producérhe first mention of papermaking in Andalugiap d ay 6 s
Spain, is in 1056 in the town of Xativdistorically, both Spain and Italy claim to be the first
Europeammanufactus of paper[33]. Crossing the Atlantién 1620,the English Separatists
(Pilgrims) on theMayflower did not bring papermakers oryaprinting materials. Paper was
not made in America until 1728, when the Liberty Paper ditame operationah Neponset
River near Boston. One curious fact, at least 26 copies of the original Declaration of
Independence are found aswime of theaper sed was not made in AmerifE3, Ch. 11]

In Chapter XVII of his book 1] , Hunt er provides aofvery

Papermaking, Paper, and the Use ayfébd. Hestarts the chapter by givirtye respect to Joel

10
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Munsell, an American printer and pulbles for hispioneering work irthe history of papeand

contemporary recordings the middle of the nineteenth centuBgarting from 2700 BCE, the

chronol ogy goes to 1945 when the first edit.i

that there are more [pptb®h 14, 000 paper produc
Many scholars studied the history of paper and paper makireggBernstein Qusortium

[18] was formed tdoring together almajor European actors in the field of digital historical

paper expertiseoming from both humanities and computer sciences (FRyaye

Bernstemn
Consortium

Figure 2.1: Partners in the Bernstein Consortium(www.memoryofpaper.gu
The project consists ofine partners from six countrieemong which the largest

collections of paper and watermarks. Other institutions which have contributed prominently to
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http://www.memoryofpaper.eu/

the project ardstituto Centrée per il Restauro e la Conservazione del Patrimonio Archivistico
e Librarig Rome, ltaly;Paper and Watermark Museum of FabrialRabriano, Italyinstitut
Valencia de Conservacio i Restauracio de Béns Culfuvakencia, Spainand TheState
Historical Museum of RussjaMoscow, RussiaAs stated in the missioaof the Bernstein
project thegoalwas thecreation of a European integrated digital environment for paper history
and expertise Now, the Bernstein project connects all European watermadatabases
accessible through the Internttoffers a comprehensive and unrivalled information source
about paperAn additionalsubstantial goal was the dissemination of the achieved results to a
broad audience in the form of a series of exhibitions,0akbabout paper history and

watermarks and an easily installable software package for paper cataloguing

C | ® www.memoryofpaper.eu/BernsteinPortal/appl_start.disp % O

Co-funded by the EC programme eContentplus

CATALOGUE BIBLIOGRAPHY EXPERTISE
ABOUT THE PROJECT  English v

This website is about paper, paper study, and paper history. It provides various resources in the following areas: historical research of paper in
Europe, expertise for paper documents, measurement of structural characteristics of paper, support for the creation of new paper databases,
introduction into digital paper studies

In memory of our esteemed colleague Gerard van Thienen who passed away on July 19, 2015.
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Catalogue Atlas Bibliography Expertise Paper Study Kit
Search for Paper distribution in Bibliographic Software tools for Software tools for
watermarks and space and time database about undertaking paper the creation and
paper data paper and the expertises (image maintainance of

history of paper processing, watermark

(provided by the measurements. databases; link

German National dating) collection
Library, Leipzig)

IMPRESSUM CONTACT Last update: 2016-08-27

Figure 2.2: The Memory of Paper integrated environment(http://www.
memoryofpaper.eu/BernsteinPortal/appl_start.disp last accessed Se@016
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The integrated workspad¢&8] of the Bernsteinprojectprovides the digital environment
necessary for the integration of resources. It is an Internet application interfaced in six
languages (English, French, German, Italian, Russian, and Spdraslgies access to all
Bernstein resources, of which the main components are the catalogue, the atlas, the
bibliography, the expertise, and the tooldigure 2.2). Recently, the watermarks in the
Bernstein project was sorted also in Hungarian and $orertuguese, in addition to the six
languages defined in the IPH Standard: English, French, Gertadian, Russian, and

Spanish.

fMemory of paped is a deserving name for a technology achievement thaedhédp
preserve so many memories of humanityinBean excellent material for documents and
books, paper cannot survive forever. Digitizing the paper content will insure its preservation
forthe futurel n t he Bi bl i ography of his book, Hunt e
ma t e raboatltiee pper and paper makindde r ef erences ATwo hunc¢
papermakingodo of the Oriental, Occidental, D ¢

the topic of the next section.

2.2 The origin and evolution of paper watermarks

Due to thechanges of th original processing methodsed in China (Figure 2Amost
historical documents and manuscriptade in Europe (Figure 2Bjherently contairlaid
(horizontal) and chain (vertical) lines asan underlying artefac{Figure 2C)from the
papermaking mouldalso often spelled mold)'he details of papermaking and the historical

progress are well described in [1], [13] and [16].
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S s
Figure 2.3: Early production of paper in China during Han dynasty[12] (A) and
Europe [24] (B). The chain and laid lines are visible interferencen the watermark
image[16] (C).
Around 1755 moulds with finely woven wire mesh were introduced and the paper made

- S g R
i R A

with them as known as wove pap8noon after the paper production began in Europe, some
manufacturersstarted to formsimple shapesnade withwires added to the mould. The

additional wiredeave an impression with a desired pattern on the finished paper product. The
resulting effect -warskdnl efnbedureidn gesdialde pul p

hi storically have be(igum24d.known as fdAwater mar K

Sewing oy

mrman L EISEEE BRI

P

We e o Jaid b
e Chawm et

Figure 2.4: An example of awire figure added to the chain and laid mould wires.
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Only themouldswith metal screens affixed to a wooden frame leavdaiageand chain
markson the paper. A different mould desigiith cloth screens affixed to a wooden frame
continue to be in useventoday in Asia. This type of mould is floated in water, the pulp is
poured onto the partiaHlgubmerged screen and distributed evenly acrossutface. The
mould is removed from the water and the paper dries directly on thenwgtbthut any marks
on the final productn China, Koreand Japara flexible screen is often used witte support
of a rigid frameThe screen, which is usually maddamboo, can be removed from the frame
to transferthe formed pulp sheetto adifferent surfacefor drying The level of watermark
embeddinglepends on the quality of the mouldelJapaneseagashizukpapermakingises
very finescreenand ®metimes a thin clothp produceespecially fine papers.

In general, e papermakingmoulds in Europeusewires, which areclosely aligned or
woven into a meshrhrough the centuries the mould designs have been modified with the goal
to produce better glity paper.lt is possible that the wire mould was an Arab idea. However,
the papermakers of Fabriano, Itadye the ones who perfected it. FigarBdisplays an image
of a handmould showing thezergeandwarp wires used to secure the complex watermark

figure to thechainandlaid wires.
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Figure 2.5: Hand mould with relatively complex watermark. The verge and warp wire
are visible attaching the wire figure to the chain and laid wires16, pp221].
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It is possible that the cause for the first watermark avaacci@ntally bem mould wire.

The artéact was noticeable when the paper was held up to the light. The papermakers realized
that now they have t h ®rigmalygwatrmarksnai lsavegerved t h e r e
to identify papers produced by difeart workmen within a factory to mark specifically their
production for whi c h 2].ISe the watenmark belpngeddo they p i
individual papermaker and not the paper mAls the paper manufacturingocessspread

across Europayatermarksvereused to indicate the paper brand quafitymat, strength, and

guidance forfolding and cutting of the large sheets produced at ttne. The watermark

patternsand compodion evolved as a reflection of the@mmercial and cultural exchanges
betweerthe middle-age citie43, 4].

Hunterhasdiscussed some of the existing theories for the usage of watermarks in the early
days[1]. In addition to the ones that were already presented here, Hunter comments their use
as an identification mark for the sizeé moulds used for papermaking. Or that they were
possibly usd as symbols of religious groups callédbigenses who used watermarks to
identify the members of their group. Another theory suggested that these watermarks were
introduced as an expressionasfistic skills. A further theory for making watermarks was to
help workmen to identify the mouldshe historical records show thiabuis de Tignonville,
bailiff of Troyes and Carles IV (L3981409, made the use of watermarks mandatdty [

The physicatreation of watermarks is desa@ibin detail byeakins et al[19] as follows:

AA watermark is formed by the attachment of a wire design to the mesh surface of the
paper mak e Duwig paper prbddction the paper pulp is scooped from a vat onto the
surface of the mould and the excess water is allowed to drain away through the mesh. The wire

watermark, which sits proud of the mesh, reduces the density of fibers deposited osethat a

16



of the mould, and when the finished sheet is viewed with transmitted light, the area where the
wire had been present is thinner and appears lighter than the remainder of thé sheet.

In his book [L], Hunterhas dedicated three chapters to watermarksXpand XIV. He
describpdt he AAnci ent water marks: Ssi X anddaym hal f
watermarks: the nineteentientury development of watermarks into an artistic and technical
achievement 0o and f Th enadepdper ancththe use ohwpatermérks ma c hi r
detecting forgeryo. discusset thes ctassitichtiarpof weatesnarks H u n t
from early days until theighteenthcentury in four classes, based on their shapes. The first
class includes the early watermarigich have the forms of crosses, ovals, circles, knots,
triangles, etc. The secowthss consists of shapes of the human figure, including a whole body
and human partsuch as head, feet, and hands. The third class consists of flowers, trees, leaves,
vegdables,grain, plants, and fruits. Finally, the fourth class includes wild and legendary
animals such as unicorns and dragons, as well as snakes, fish, snalils, turtles, crabs, scorpions,
andvarieties of insects. Th s sameld, eepantsleopands,i nc | |
goats, lambs, cats, horses, deer, and a large variety of birds. Examples ofaatemakrks,
with type, date used and description are2@.[Further types of watermarks are giverthe
site of thelnternational Associ@in of Papers Historian22]. Watermarks and their relation
to the papermaking process is described by Loebél.in [

Manyonline databases exisith hand drawmwatermarksatknown scale and accompanied
by textual description of its creation dateigin, manufacturer, etc. [5,, G&nd 23 Not
surprisingly, some papemakers started to copy populaatermarksfrom their original
owner s. This | ed to the i ndcated dppasiteitodhe maif t he

watermarkusuallysmallerand e pr esent i ng the I ni tAnexdnpleof t h
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would besimilarto the LVG initials n Figure 23C. It was the use afatermarksn bank notes
and stamps that first inspired the use of

Modern technology mads the digitization and image storage of historic documents easier,
better, and more accessible. The Internet becomes an irreplaceable tool for accessibility
database®xchangefideasand cooperation. Many libraries, universities and research centers
have developdand continue to expand the use of modern technology to improve the method
for recording, processing, and storage/retrieval of diglitidecuments in general and
watermarks content in particular. Twexamples areThe International Society oPaper
Historiansportal (IPH) [22] and The Bernsteiii Memory of the Paper proje¢18]. The
Bernsteinweb site hatinks tomore than 3@vatermark databases, including

A WILK - Watermarks in Incunabula printed in the Low Countrigeated by
Koninklijke Bibliotheek;

A Piccard Online Th e e nt i r eepefioBiofovatarmatkdracingsieated by
Archive ofthe State of Badew(rttemberg;

A WZMA - Watermarks of the Middle Agefrom Austrian manuscripts dhe late
Middle Ages;

A Database of Watermarks afépers Used for Prints and Drawingseated by
Nederlands Interuniversitair Kunsthistorisch Instituut (NIKI

In addition to the above links, The IPH portal has links to:

A Watermark Database of the Dutch University Institute for Art History

A A Digital Catdogue of Watermarks and Type Ornaments Used by William Stansby in
the printing of The Works of Beamin Jonson

A The WWW Watermark Archive Initiative

18
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A Imaging and Watermarks of Rare and Fragile Books, Stamps

Thepaper watermarks and their description are the objects of gtaggnted in this thesis.
More specifically, paper watermarks found in historical documents and manuscripts. In
comparison, the term fAdigital wa kirgrtypiealyk 6 i s
in an obscured way, the content of a document. Digital watermark was first used by Komatsu
and Tominaga in 19824]. Since then, the concept of digital watermarking has been a subject
of intense research and continued to evolve to idenséfithenticate, and protect digital content
[25]. Further reading opaper watermarks ardigital watermarking can be found in [5, 33,

75, 83, 105and 148.

2.3 The study of watermarks

Paper watermarks found in historical documents and manuscepas amportant part of
human heritagen 1907 C. Briquet (18391918),publishal Les filigraneq8] in Geneva, Paris
and Leipzig,introducinga collection of 16,000 watermarks found in paper prodieddre
theseventeeth century. He visited hundreds of paper mills in ordectoimpose hisollection
[8]. The oldest watermar#tiscovered byBriquet printed on papewasproduced in 1292
Fabriang Bologna lItaly. As previously shown,atalogued as5#10watermark (Figurel.1,
left), it is the oldest known water marKlso shown in Figure 1, thewatermarkwith catalog
#12021 is one of the oldest known wateairks with the name of the papeaaker R6|.

According to Hunter [1] e useof the termWatermarkn English begis in theeighteerth
century. In 1708, the New English Dictionary gave the following explanation for the
watermark:iThe name was probably given because the watermark, being less opaque than

the rest of the paper, had the appearance of having been produced bydhe aco f Iwat er .
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German the worliVasserzeichewas used in the first part of ninetédeenturyPapiermerken

in Dutch Filigrane in French andFiligrana in Italian and SpanisiThe last terms armore

ref erence t o rathéré¢hanithe impressidniit pavesem the paper. It istladso
foundation for the terrfriligranology (the Latin filium andgranumcombined with he Greek

a6 2 a U -theAuxitiary &dienceofw a t e r ma r k Ia ihis tHesisthe ®rm wvatermark

is usedas reference to the markings embedded in the paper by the sieve used in the paper
production method & giventime. Themarks from thesieves andhe intentionally weaved
additional wires could and are used extensit@tyime period datin@f historical documents

and manuscripts, which is further described in this thekisiever, dating documents is only

one of the applications.

I n ACatal ogue of Wat er mar ks i 1 a0 G®ygDavid an Pr
Woodward [15, theauor poi nts out that Al n any wor k in
to understand that it is the paper mould, not the paper, and certainly not the map or print, that
is being identifiedo y t h e walb ppr &hahis keing saifl, paper is tloarrig of the
watermark, the forensit s a mpskl & anake the discoveries.

Curl Buhler postulatesyfe hypothetical assumptions fany study that uses watermarks

to date early document&7, Pp. 23]:

1. A papemould had a limited life span ranging in four nfmnto four years.

2. There were no extensive time gaps in the use of the mould.

3. The paper produced bygaiven mould was used up within two or three years of
production.

4, Paper was used in the same order in which it was produced.

5. Stock of paper was not accuratddi it was too expensive to be kept unused.
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These assumptions are important in regard to using paper making dating and its use for
printing. It is not difficult to agree wit assumptions 1, 3, and 50 &cceptthe second
assumptiorior example, we havi® ignore that a paper mills did not run without interruptions.
Depending on flowing water for power, the mills stopped during dry seasons and winter times.
Insufficient supply of rugs (key materials for the production of paper) also was the cause for
interruptions. In his studies, Allan Stevensitows that paper mould ggthrough identifiable
stages of agin@nd changes2B]. He even demonstrates the rate of movement of the
watermarks at about a millimeter per month of Ua& pp. 251] While assumptior? is
important to possible discrepancies in dating of printed materials in general, assumption 5 is
especially relevant to maps. One liasconsider that only a ream or two are sufficient for
printing of maps while book prirghops use 20 to 25 reams peraverage size bo¢éne ream
has 500 sheets of paper.) It is quite possible that map printing shops used the paper with the
same watermarks for a longer period of time.

Scholars consider that the fistageof the study of watermarks started with thistfknown
collections. A brief summary of the watermark studies indicates the tremendous work
competed my many scholars. The references may lead to the conclusion that we are historically
ready to enter a new, multimedia reach and computationally enhstaced

The famous work of Charles Briqudtes Filigranes was published in 1907, a period
which is considered the third stage of #ikgramology[29]. This is the stage during which
the study of watermarks baroe independent scientific discipline with the published works of
Aurelio Zonghi (1893) ané&rnest Kirchner 1896). Humphrey Wanley (1672726), a
librarian to the Earl of Oxford and an antiquarian, prodwceollection of watermarks from

1000 sheets of dipapers. Since 1699, the collection is stored in the British Museum. During
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the eighteenthcentury, the interest towards the watermarks and the colledtasgrown.
Many author$havecontributel to the field:Johann Herring (1736John Levis (1737)5amuel
Engel (1741),Joseph Ames (1749), Murr&y763), Rouget (1772 ristofor Murr (1777),
Breitkoph (1784), John Fen (1787%chwartz (1793)5amuel Dennél795),Camus
andSardini (1799)The work of collecting watermarks (first stage) contohdaringthe first
half of thenineteenthcentury with the collections made by Gotthelf Fischer (18W1g;. De
la Serra Santand€t803),Jansen (1808), Konin@l816), Hassler (1844andF. Gutermann
(1845).

The second stage in Filigranologyas stared with the first reproduction of493
watermarks in Moscow in 1844 the Tromonin's watermark albunThe same year,
thework of S. Sothebywith 265watermarkreproductios was published. Reeds indicate
that scholars fronitaly, Germany,Poland,and Romania statito copy watermarkandto
publish in specialized journal§he first work about papenills andtheir watermarksvas
completedn Hungary and Transylvania and was published by J. Kemeny in 1844.

The scholars agree thaatermarkffer reliable information on how to date paper sources
of the late Middle Ages and early modern tinHsey alsoagreethat while the evidence from
watermarks is useful, it needs to be used in combination with additional bibliographical
support. Woodward15] provides an example of using waternsawith offset evidence to
reconstruct family of printing platassed in the same place at the same.timenany cases
with missing explicit date on the document, watermarks atlogeperioddating. The process
includes finding an identicalatermarktaken from an already dated source. Because paper
was an expensive commodity which was bought and used up within a couple of years, dating

based on the identical papeatermark is a valid scientific approac®nefamous example is
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the false 1619 year given to the Shakespearean quartos published by Thomas Pavier. Three
centuries later in 1908, based on wetermarksSir Walter Grechasproved that the quartos
were actually published in 1600, 1608, and 1619 [3@§.flHdingshave beertorfirmed by
Allan Stevenson [31].

We have to note that since easkgventeentltenturypaper was often made with pair of
moulds with similar but not necessarily identieghtermarkdesigns. Double moutdand
divided mouldsin the eighteentltentury are the origin of many twimatermarkg30, 33.
Development of proper imaging systems has facilitated their discovery F&ft]re 2.6
di spl ays fdApair artal@40 ifromothe $aedishr Nateomak Aschivaa.

Although \ery similar, these decorative watermarks have distinct diffesend@eir details.

Figure26:AiPair of twinso Watermrks,[lﬁ].. 1640,

Atanasiu[34, 35], as part of his work in the Bernstein project [18], developed two
applications which helped in studying laid lines. The first is for laid line density measurement,

known as A ADZ75 the frequercy af thesd lines affeoarier transfam [36],
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and the other is for |l aid | ines praoestghreessi on

ot her wuseful applications are: 1) AFiligrane

AiWat ermar k Scissorso ( anmagepwhithicantihsiamumbevdfi ¢ h
watermar ks into smaller i mages according t
application for interactively measuring width and height of watermarks) [35, 36].

It is important to note that during the life sparmahould the same watermark may produce

slightly different impressions due to deterioration and shifting of the wire. The result is a

-

(0]

variant of the same watermar k Kkn@Wnheias fAst

di fferences ar@arcanssdete®d diifsali sguvsh them

[16].

Figju'fé 2.7: iffernt ss of the same watermark. Swedistional archive, c 1825.

The AF0O has not changed while the #A[€&. has
In addition to the watermarks as artefacts of the manual papermaking, watermarks also

exist in machinenade paperThe International Asxiation of Paper Historians [RPhas

created a taxonomy dérms for describing the components of paper, includingp#per

watermark. Each watermaikassigned a code (e.g. E8 for snake), and these codes are arranged

in organizationatree structures, (e.@irdsk Eaglek Doubleheaded).

The First International Conferenoa theHistory, Function and StudyfaVatermarkshas

discussed the importance of watermarks @spectivelytheir study The proceedings of the
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conference were publisheéadl [37]. In addition toLes filigranesby Briquet, here are several
otherspublished catalogues of watermark®llectiors can be found in3B - 42]. A list of
books of reproduced watermarks by tracing is in [81], togeth#r a number oftraced
watermarks in each booRn interesting and rare find is the reference to Sar@ivatermark
studies 3.

Multiple web-based arhives of watermarkare easy to access and .uSeme &amples
include [4 - 52] and an extensivést of links to web databases mompiled in [1§. It is
important to note again that easy access at anyisimee advantagef digitized documents
in addition topreservingdigitally the watermarks frortheir papercarrierdecay.The digital
format allows many researchers to design and develop new méthaggermark processing,
enhancement, and description.

Going back to théacts about theriginal Declaration of Independence, the paper used to
printit was (and still$) Dutch with three different watermarkSome of he paper has the L.
V. Gerrevinck watermark (Figure3C, shown previously It is the same watermark fouod

the notes of Tomasefferson for the 1776 Virginia Constitution.

2.31 Imaging and reproduction techniquesfor watermarks
Dating of historical documents is only one compelling reason for the continuing research
on watermarls. Beautifulin their simplicityand enigmatién their eternity watermarksnay
stay hidden for centuries waiting to be discovered and reveal valuable inforn2&j@y| It
is very useful to humanity to preserve the cultural heritageadérmark as stamps of history
and tomake themaccessiblea everyone interested without the phys@matess to the original

paper resurce The problem of convertindpe watermarksisible image fronthe paper into a
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meaningful piece of information is still present in the study of these valuable cultural artefacts
Among many organization dedicated to the understanding and preservation of paper
watermarks The Centre for the Study of thRenaissance at the University of Warwick,
Coventry, UK, has many useful links tibraries andonline watermark databases [5The
Memory of Papewebsite of Bernsteirhas a mapf thecenters wittdigitized anchot digitized
documents with watermask551,138 records36 databasg$6].

There aremanywaysto gather identifying information about a watermaBeing visual
artefacs and nofinguistic datajmagingwatermarkss a better way of retaining information
compared to textual description. Modern imaging techniques have facilitated the digital image
acquisition ofwatermarksand the number of digitizedatemark collectionscontinues to
grow. Nevertheless, the estimate in [6] is thlawut66% of documents witlwvatermarksare
still not digitized. Attemp at standardizing the subjective description afevmarks has been
publishedandis also available onlinR1, 23. Thewatermarksre classified accordirtg their
thematic topic €.g.flower, lamb, eagle, mill, crossand othersin multiple languages. Bato
their high numbes; variety orrarity, and not the least to the subjective nature of existing
clasgfications, matching of a newly obtadd (and perhaps unknown) watermark is a difficult
task. Interoperability of existing databases is a separate and very challenging @®kbleth

Modern technologies facilitate imaging, processing, and storage taldagimat of many
cultural treasures and their preservation for the future generdfiaptired djital images can
be compared, processed, stored and retrieved easily. Numerous algorithms allow further image
enhancementso be easily applied. Modern canmas provide captured images of high
resolution, which allows the observer to see very small detatgusprojectssuch as AHDS

[53], Minerva [54], Pulman [55], and MUSICNETWORK [g&rovide guidelines for some
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of the most useful digitizatiaiechniques.Existing methods for pap&ratermarkseprodiction
include: manual tracingyrubbing, llkley, phosphorescence watermark imaging, D@0
1B503 photosensitive paper, transmitted light photography (backlight imaging),
thermography, Betaelectron, and sft X-ray radiography imaging [5765. The SHREW
project(i S H a pteevaRs§stem for Watemarking ma g gcenopars differentwatemark
digitization techniquef66, 67.

The manual tracing ovatermarkgakes time, needs certain skills, and does not capture
some watermark details. In addition to the subjective component, it is an intensively contact
method whichis a concerrespecially for originatiocumers in fragile state. Dylux and back
lighting methods providegood quality results with watermark details. However, the
reproductions contain undesirable interferences (e.g. laid and chain lines, paper stains and
defects,addii onal writings and ot her sgasingU sfirnogm Dtyhl eu
chenicals used ints production [5T. Backlight imaging followed by various image processing
techniques is one of the most popular approachwimtermarksdigitization. Themethod
provides accurate results, with optimal efforts in respect to cost and time. Main problem of
using backlight imaging is the presence of the fgidé ¢(ecto) and backside {ersg prints
in the acquired imagexX-ray imaging andBetaradiography m#hod provide good quality
images, but they are quite complex amduire expensive resources and safety measures
working with ionizing and radioactive sourcé82[- 65]. Modern imaging techniques favor
non-contact imaging including hyperspectral imagmigh ultraviolet and near infraed light.

As described in [6]8 ChristieMiller collaboration withSolar Imaging Systems Lt{69]
has developed a hardware babgghting digitization system- Advanced Paper Imaging

System The goalwasto record the papestructure {espectively thevatermarls) in order to
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provide digitalidentification for stolen manuscripts. Another purpose wasapture and
preservan digital formatvaluable artefact#\s a side note, the system was designeaditov
imaging of bound ranuscriptoopened at 4% so the digitiation isless intrudingand does not
damagehe manuscripts.

After digitization and segmentation thatermarls images are with different quality, size,
resolution, and orientation. Figue8 displayswatermarksrom two different collection. On
the left is a sample from theearchable onlineatermarkcollections [69. On the right, are
watermarkgrom Primary paper by Willianstansby in the Jonson Folio [7@ne can see the
extreme to which the quality afatermarksrepresentation varies based on the acquisition

techniqueused

Group 1: Group 3: Group 4:

Pot, "IG - 1613 Pot, "IP" or "IF" Pot, no intelligible characters

Blat/Blume/Baum Buchstabe

Group 5: Group 6:

.‘;«n, O /\\ Pot, "PD" or "PDC™ - " 16_¥" or "1613"
\)'\" g —— AR e A <
¥ E LEeN

Fisch Fuenfberg Geom. Motive

chm A
Group 7:
f g % Pot, "NH" (7), no base

Flgure 2.8: Examples ofwatermarks d|g|t|zed with dlfferent techniques and
respectively different quality.

Digital images ofwatermarksrom many sources reqeiextensive imagenhancement
before filing, classification, and storage.sAccessful automated search, match, and retrieval

would require even more extensieprocessing befoiecould be successfully applie@ihe

28



gual ity of the i mages degnéthedmaging tethhobogydised. u me n t
Imaging systems continue to improve (optics, filters, sensors, light sources). The
computational capacity of CPUs and GRusalso improwng. There are multiple algorithms

developed for image processing and enhancemehimamy more continue to be developed.
However, it is important to notice that while some methods achieve remarkable results, there

are no universal approaches that can work in all possible scenarios.

2.3.2 Description, classification and storage

The Intenational Society of Paper Historians have developed a set of criteria that can be
used to describe pap&ith considerable precision [R2Known as thdPH Standard its
section 3.1 includes a series of entries for watermark data that allow for the identification of
watermarks basedhn a set of unambiguous individualizing characteristics: type, dimensions,
position in respect to thehainlines location, and otherdhe exhaustive set of descriptors
specified in thelPH Standardare followed by leading scholars in the field of literary
manuscripts. It is also well accepted that even the best textual dessrgtéomever as
satisfactory as a high quality image regwotion such as a beta radiograpbl|[ There are a
number of printed volumes or digital resources tt@itain reproductions of thousands of
watermarks. The available databases are a very important resource and the result of extensive
scholarship. But theare not perfect because the most common (and least satisfactory) way to
identify a watermark is to cite the known closest matchdatabase of watermarkssed on
textual descriptionThis is especially valid for watermawith similarity, being fronthe same

Afamilyo of watermarks or At he samed wat er ma
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An i mportant ability is to distinguish
watermarks are the result of common papermaking using a pairs of nimaldselerate the
process. The pair of moulds haimilar but not necessarily identical watermark designs. Th
i denti fi cat i o ndistin€tionisimportamtdothestudyihghtstbriealdocuments
[33, 71. Figure2.9di spl ays f ourhedidfof ew asepeoducEafrokl| 8l 6 s

Stevenson,m foTfhe hper oMiilses.al e Special edo [ 28]

. = pol L% .l’ = ¥ Ir._' = _ A% T . e, _'--

Figure2.9:Bul | 6 s h e g Wissalevpenialepcald78. Two pairsifom left to
right: Wide face - Square faceand Level eye- Slant eye. Adapted from [28].

Some of the techniques for description, classification and storage become clearer by
reviewing the methodsurrentlyused for cataloging, searching and retriefakatermarksit
is a mutual, tweway relationship in which a better and complete descrigironides easier
cataloging, and searchin@n the other hand, the neefts an easierand fastemetrieval
capabilities,demands better methods for description and classificatfothe variety of
watermarksThe next section provides a review of curteshniques for cataloging, searching,

and comparison of watermarks.
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2.3.3 Current methods for cataloging,search and retrieval

Unfortunately,manydifferent methods exidbr cataloging of watermark®gardless the
efforts to standardize the approaclonder to achieve interoperabiliths previously noted,
section 3.1of theIPH Standard22] of Thelnternaticnal Society of Paper Historiaimscludes
a series of entries for watermark data thatvalior the identification of watermarks baseqd
a set of unambiguous individualizing characteristics: type, dimensions, position in respect to
the chaintlines location, and others. The exhaustive set of descriptors prescribedlfHthe
Standardare folloved by leading scholars in tfield of literary manuscripts. Nevertheleds, i
is also well accepted that even the best textual description are never as satisfactory as a high
guality image reproductiaof the watermarks

The following Figure 2.1@resents the IPH specifications for describing a simple and more

complex watermark (IPH Standard, version 2.1.1).
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A EXAMPLE OF A SIMPLE WATERMARK

Description in full (according to 3.1.5):
below a crown, capital italics CLK

Completely coded description (according to 3.1.4 and appendix I):
R3/1 - th: (i X »CEK" )}
CROWN AND BELOW ITALICS ABBREV.  CLK
B EXAMPLE OF A COMPLEX WATERMARK
Description in full (according to 3.1.5):
Eagle, crowned, overlaid with italic capitals FWR, holding sceptre and sword in the left claw, an orb in the
right claw, at the top the name ..G W Loeschge*”, at the bottom ,,in Ansbach"

Completely coded description (according to 3.1.4 and appendix I):

D5/1 [ R3/1 - e (i: X .FWR") -
EAGLE WITH CROWN AND OVERLAID WITH ITALICS ABBREV. FWR  AND

Cl: po6 [ R7 - M4 - {r p06 [
LEFT CLAW WITH SCEPTRE AND SWORD AND RIGHT CLAW WITH

R4 - . — Y .G WLOESCHGE" -  [b:
ORB AND TOP HORIZONTAL NAME G W LOESCHGE AND BOTTOM

> Y WIN ANSBACH" } ]
HORIZONTAL NAME IN ANSBACH

Figure 2.10:Examples for description ofsimple and complex watermarks.
IPH Standard, Version 2.1.1, 2013.

Figure 2.11 shows an example ffocataloging class Lion watermarks with different
subclasses. All descriptors labels are given in six languages. IPH Standard describes in details
many aspects for the registration of papers with or without waterm@his. includes

abbreviation descripter dating, origin, and many others.
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C17 Lion

Léwe

Lion

Ledn

Leone

Jlen

C17/1 Lion (general)

Liwe (allgemein)

Lion (en général)

Leon {general )

Leone (generico)

Jles (BooDIE )

C172 Lion, Dutch (holding arrows or sword)
Liwe von Geldern (mit Pfeilbiindel oder Schwert) "y,
Lion des Pays-Bas (avec fleches ou épée) ()
Ledn de Paises Bajos (con flechas o espada) e A
Leone olandese (con spade o frecce) (&
Jles, ronnanacknil (Qepaalnnil CTpens 1M Med) )
C17/3 Lion of St. Mark

Markusliwe

Lion de St. Marc

Ledn de San Marcos

Leone di San Marco

Jles Cearoro Mapka

Figure 2.11:Lion class with subclassedPH Standard, Version 2.1.1, 2013.

I n ACat aMadguenaok o0 by Daviplp.Wob3ljwartdhdg 18EKX
Entriesd for the watermarks are as foll ows:

A) A general description of the watermark mould, including

1. The watermark mould number

2. A descriptive title, organized in the order recommended by the International
Standard for the Registration of Watermarks published by the International Association of
PaperHistorians Provisional Edition, 1992.

3. The size of the salient feature, such a

4. A notation of special characteristics.

5. A code suchUlas fiAlll{pwi5tg t he speci ficat
Standard for the Registration of Watermagksblished by the International Association of

PaperHistoriang Provisional Edition, 1992.
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B) Each subentry reflects to a specific impression of aongpint, with the following

information:
1. Date printed on impression; n.gignifies that no date is printed.
2. The title or area of the map {in square brackets when summarized in English].
3. Place of publication printed on impression; n. pl. signifies that no place is printed

on the map; [place in square brackets is estimated fstirar evidence].
4, Name of printer or publisheappearingon impression; n. prsignifies that no

publisher is printed on the map; {printer in square brackets is estimated from other evidence].

5. Map number f rofdtaianprintecenyapss | i st
6. Other refeences, when not listed in Toley or to help to identify the impression.
7. The institution and call number where the impression is found.

Thepresentedeferencedext illustrateseveral aspects: 1) the efforts made to capture the
complete information; 2) & complexity and manual labor that is involved; 3) the lack of
options for an easy way for search aettieval

Many attempts have been made to develop a system for classification and retrieval
watermark images, both by texttmdsedand contenbased apmaches. Briquet8] has
manually classified about 16.000 watermarks in about 80 textual clBssédarmol [73 has
classified ancient watermarkssed orthe date otheir creation.Pure textual classification
systems might béess proneto errors but very tedious to us€extual descriptionsaand
watermarklabelsare inconsistent in methodology and forneatoneous or just not detailed
enoughMany watermarks angithout labels and@annotbe used for textual queries.

Advances in imagingechnologies have made possitdeent attempts focus on the real

contentof watermark images. In 8] the authors describe the sgt of a system capable to
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add,edit or remove watermarks with the possibility of textual and coittased retrieval As
described in the paper, the authors usedhii arge circular histogram computacbund the
center of gravity of each watermark image. In addition, eight directional filters applied
to each image and used as a feature vector. The algorithmesteredra watermark database
consisting of 120 images, split up into 12 different classessy$tem achieved a probability
of 86% that the first retrieved image belongs to the sdass as the query image.

In [74], the authors used three sets of vasi@lobal moment features and three sets of
componenbasedfeatures. Theomponenteature set consists of several shape descriptors
which are extracteftom various image regions. For testing, 806itrgs ofwatermarks from
the Churchill collection[38] are used andl5 imagesand their groundruths have been
manually selectedThe retrievalsystemwas based on thety-block distance measure. The
system was evaluatedth normalized and averaged precision and recall scores. The authors
report a precisio of 0.53and a recall of 0.81 for their bestoreswith the conclusiorthatfor
their databaseglobal features work better thahe componerbased (local) featuretracted
from various regions.

In [759] , t he aut h o rsgccessiulpdseargh watermarkis filigrandlogy) is
reliant on the availability of relevant and accurate reference material that can be easily
accessed. A f t,the authdnsalescribe different technologies for recording watermarks and
the necessary criteria for propegcording and classification of the watermarksage
examples are given for watermarks recording and proces®ngnage searching method, the
authors used content basathge retrieval (CBIR). Firsgjround truthimages areestablished.

For theretrieval process, @uery image is chosen and a search is performed by the system and

by independent researchers which are asked to select the most similar images from the database
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based on visual inspectionhe ground truth sets have been selected &orarchive of 2000
digital images of watermarki the referenced papehe evaluations mar ked as fAon:
and numericaperformancesaluesare not given.

Textual geries are processed very fast with modern computers bguéneshavemajor
limitations.As already mentioned edpite the existence of a standdegdtual descriptions are
subjective(inconsistentiandoften areincomplete: some of the patterns appearing in a given
watermark may not be described in the text. For thesensasjueries based on global
morphological characteristics as well as on the watermark shape are essential.

The watermarks can be described as shdpegio contours contained in hémages The
information can be used for accessing the archived imaigése watermarks or pictorial
documentswith them [22, 36, 67, 76-78]. Each watermark is described by a list of
morphological characteristics. The spacing between the chairalwebeir densit{lines per
unit length) help to determine the type of the papeheTloverallsize of the watermark is
defined by the height andidth of its bounding boxThe number of closed regions and the
shaps of individual regionsaredescribed by the invariant momeftg).

During the reviewprocess of existing methods for watermarks description, | have maid
useful observationsVhen multiple watermark regions exishet centes of gravity of the
wat er main rkegiosare selected to build a new normalized coordifratae. The center
of thelargest region is therigin of the new coordinate frame and the two otlegions form
the two independent coordinate ax&he remaining regions from the watermark are then
described in this new frame by means of two scalaordinates. This morphologikt
descriptionof the regions is invariant to rotation, translateomd scaling. fie percentage of

black pixels present in thgatermarkboundingbox are used to definhe watermark extent.
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This valueallows to assess the complexity tboe watermark andotdate its period more
ancient watermarkare simpler with and havess black pixelsompared to the more recent
ones. helocationof the watermark with respect to the chain linesised to compute two
values:the distances between thkain lines ard the closestpixels of the watermarkAt the
time of recording andrchival, these characteristics are determinedstordd intchash tables.
At retrieval times, queriesan be made according to one or more of these characteristics

The SHREW $®HapeREtrieval of Watermarls )s a database project for image retrieval
of historical watermarked papefBhe input data consists of watermarks traced by Churchill
[38] and images reproduced by electragliography.The enhancd watermarkimagesare
storal in a databasandfor a retrieval,a given watermark can be matched wtieviously
storedwatermarksand similar shapegl9]. Traced watermarked images were processed for
feature extractionimages are first converted to binary using a constant threshetdntiise
is reduced usingjlters (e.g., mean, median and Gaussian), images are then enhanced using
morphological operators These enhancémages were combinedwith shape retrieval
techniquesind evaluatefB0]. The SHREWwasfurther developed and expandediwdatasets
reproducedising electrofradiography[81]. Chainand laid lines were removed by apply
low-pass frequency filtering.he background waapproximated by applying a median filter
multiple times toproduce anmage,which isthen subtracteétom the original imageSome
examples othe processingesultsaregivenin [19].

The SHREW system has been implemented in an SQL databaseNprth Unbria
Watermarks Archiefor publication on the web to facilitate retrieval of information on

watermarks. The authors admit the need for further work on image processing to improve
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guality and on the content based image retrieval to improve the performance of shape matching
andretrieval.

An early attempt for developing a Asmarto
in [82]. Wengeret al. [83] have proposed thdNTAS project a Distributed Database and
Processingystem for Watermarksvhich is a multinational effodoordinated by the Austrian
Academy of Sciencd84]. The aim of tle projectis to build a database faatermarks existing
in West Europand Russiawhich can be accessed widely, aashhelp scholars to study the
capturedvatermarks andse them to stly undated document$he objectives of the project
outline the important needs and associatealengedor:

A Development of a distributed database system of watermarks

A Methods and technology for producing watermark hardcopies from Stiapis
and earlyprinted books;

A Digital processing of watermark images;

A Integrated system for database management and watermark prgcessing

A Population of the distributed tibase;

A Exploitationand dissemination osults
This list can be viewed as a charter émntinuous work in the field of digitization of
historical documents.The aim of INTAS was to improve the reproduction techniques,
including radiographic, baekghting andrubbing techniquesesuliedin the birth of the first
two electronicwatermark datbases in Russi®5]. The reproduced images were enhad
(contrast enhancemenrdénd watermark contours were approximated using samwmatic
processes for identificatiopurposeqd86]. These enhanced images are then entered into the

database An acknowkdgment is needed to emphasize the ingmbntole of individual
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leadership: lie leading author of8B], Mr. EmanuelWenger is alsothe coordinator of the
BernsteinConsortiumi The memory of papef48]. Similarly to Bernstein project, INTAS
aims to create a digital environment for researchers to study papetolink European
databases of reproduced watermddggether, and provide image processing tools to measure
paper featuredditional resources can be accessed using theihriés].

TheProfil is anothe watermark database project [8&th the goal to providecholars the
ability to identify watermarked paper. Data was reproduced usingréeiagraphy in the
National French LibraryThewatermarks were scanned and entémemithe database, together
with a description of each watermarked document. rElcerdedimages wergrocesse to
enhance their qualitysing different filtering method®.g., median, Gaussian filtefdtering
thefrequencydomain)

The BernsteirCatalogueallows search in and data retrieval frgarious online databases
The search can be formulated in the six languagesified in the IPH Standaf&nglish,
French, German, Italian, Russian, and SpanRagently, queries are possible in Hungarian
and sone in Portuguese. This facts can be viewed as expansion of the interest in the watermarks
as a cultural heritage and as the enabling power of the intAthsearch terms are translated
automatically into the supported languages according to the Bernsbeabulary for
watermark descriptiong:or example, aearch fomermaid(English) is carried in Italian for
sirenaand also in German fdfeerjungfrau.The atalogue offershree modes for the search
simple search, advanced searaehdbrowse motif18]. Examplesfor each type are given in

Figures2.12, 2.13and2.14
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Figure 2.12: For a simple searchthe user just enters the search terms in a search field.

Figure 2.13:For an advanced searcltthe user can combine several search fields.

Figure 2.14: The browsing with a motif offers the possibility to navigate in the tree
structure of the systematicslassificationby names or by icons.

The Watermark Database created by the Dutch University Institute of Art History in

Florencehas similar search ethods (Figur@.15and2.16).
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