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ABSTRACT 

 

In this dissertation, I present a new framework for automated description, archiving, and 

identification of paper watermarks found in historical documents and manuscripts. The early 

manufacturers of paper have introduced the embedding of identifying marks and patterns 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 set of defined contextual descriptors. The novel method presented 

here is for automatic classification, identification (matching) and retrieval of watermark images 

based on chain code descriptors (CC). The approach for generation of unique CC includes a novel 

image preprocessing method to provide a solution for rotation and scale invariant representation 

of watermarks. The unique codes are truly reversible, providing high ratio lossless compression, 

fast searching, and image matching. The development of a novel distance measure for CC 

comparison is also presented. Examples for the complete process are given using the recently 

acquired watermarks digitized with hyper-spectral imaging of Summa Theologica, the work of 

Antonino Pierozzi (1389 ï 1459).  The performance of the algorithm on large datasets is 

demonstrated using watermarks datasets from well-known library catalogue collections. 
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CHAPTER 1 

INTRODUCTION 

Paper watermarks are invaluable to the scholars and enigmatic to the novice.  Watermarks 

are interesting, beautiful and revealing. Intrigued by watermarks, people have been searching, 

discovering and cataloguing them for centuries [1-9]. The oldest known watermark was 

discovered by Briquet printed on paper produced in 1292 in Fabriano, Bologna, Italy [8]. 

Catalogued as watermark #5410, it represents a Greek cross with circles at the cross-center and 

cross-ends [Figure 1.1]. 

 
Figure 1.1: Digital images of the oldest known paper watermarks. Greek cross 

(#5410) and name of paper maker (#12021). C. Briquet, publishes Les filigranes [8] 

 

Perhaps the very first watermarks were produced by broken mould wires leaving noticeable 

marks in the dried paper in addition to the inherent laid and chain lines artefact [5]. Soon after 

the paper production began in Europe, some manufacturers added wires to form simple shapes 

to leave an impression with a desired pattern on the finished paper product. The resulting effect 

was an embedded ñwire-markò left during the pulpôs drying process and historically have 

become known as ñwatermarkò. Originally, watermarks may have served to identify papers 

produced by different workmen within a factory to mark specifically their production for which 

they were ñpaid by pieceò [2]. They also were used as a proof of the manufacturing date, as an 
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indication of paper size and orientation during the paper sheet cutting process. Later on, over 

the centuries and nowadays, paper watermarks are used to identify paper owners, authenticity 

and also for protection from forgery and theft of important documents such as bank notes, 

passports, and others. 

 

1.1  Research motivation  

I was introduced to the world of historical documents and paper watermarks in 2014 when 

I joined CODICES, a multidisciplinary team of professors and graduate students at University 

of Missouri ï Kansas City. The team was engaged in studying historical books and 

development of methods for digital imaging and artefacts discovery. In particular, I was 

involved in the hyperspectral imaging of Summa Theologica (Figure 1.2). The four-volume set 

is the work of Antonino Pierozzi (1389 ï 1459) and contains many of the contemporary 

watermarks.  

 
Figure 1.2. Prima, Secunda and Tertia of Summa Theologica ï the work of Antonino 

Pierozzi (1389 ï 1459). 
 

In the process of learning about watermarks, their origin and historical importance, I also 

understood that there are no easy and automated methods for watermarks description, 

cataloging, and identification. Based on my experience in digital image processing and 

biometrics, I started to search for an applicable method to describe the watermarks in a concise 
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and unique mode. After all, the watermarks are a specific class (or classes) of shapes and there 

are numerous methods for shape description. In summary, I have identified an existing problem 

and I challenged myself to find a good and possibly an elegant solution. 

 

1.2 Thesis objective 

The objective of this thesis is to develop a method for deterministic description of paper 

watermarks found in digital images of historical documents and manuscripts. The goal is to be 

able to describe a watermark in a way that can result in a unique and concise code that can be 

used for identification. The ability to generate such an ID would result in capability to facilitate 

the automatic classification, comparison, search and retrieval of watermark databases. 

It turns out that the identified problem with watermarks description and classification is a 

persistent one. Currently, the description, classification, storage, search and retrieval of 

watermarks is text based. This approach is known as a content based image retrieval (CBIR) ï 

a predefined list of categories and features used to describe a watermark for classification and 

identification purpose. Some of the difficulties of this approach arise from the different level 

of adherence to the existing standards for watermarks database development. Many datasets 

and collections in libraries are organized without an overreaching and an interoperability 

governing standard. A set of predefined parameters and criteria are used for organizing 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 process model still remains a highly intense work based on 

textual descriptions and search interactions. The development of better methods for archiving 

and search models is ongoing. 
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In their book ñThe grand designò [10], S. Hawkins and L. Mlodinow outline four important 

characteristics 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 

the model if they are not borne out. 

The authors elaborate that it is not clear how to define the first characteristic: ñelegantò. 

They referred to the Einsteinôs famous quote ñAll thing have to be made simple, but not simpler 

than that.ò Nevertheless, elegant and the other three characteristics are very applicable to the 

features of a good descriptor. Actually, a descriptor is a product of a method that follows a 

selected representation model. In this regard, ideally, the watermark descriptor would have the 

following properties: 

¶ Universally applicable 

¶ Easy to generate 

¶ Unique (ability to capture watermark shapes and details) 

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

¶ Quantitatively comparable (ability to measure the degree of watermarksô  

similarity) 

This thesis outlines the framework of a method for generation of unique, numerical 

descriptor for identification of digitized watermarks with the desired properties listed above.  
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1.3 Thesis contributions 

The novel contributions in this thesis, titled ñFramework for Automatic Identification of 

Paper Watermarks with Chain Codesò, are as follows: 

1. Generation of unique numerical watermark descriptor based on a chain code. 

2. Method for rotation, scale, and translation invariance of the generated chain codes 

(RST-invariant chain code). 

3. Method for an extended recto and verso variability capture. 

4. Method to compare two chain codes with different size ï distance metric for 

similarity measurements. 

5. Exact re-generative model based on chain code with very high ratio lossless 

compression of watermark images. 

6. An alternative, new non-contact watermarks reproduction method. 

7. Development of a composite feature vector (CFV) for complete description and 

comparison of watermarks. 

 

All of the above contributions could be summarized as: 

× Introduction of the C-gram as a unique descriptor of watermarks. 

The design and implementation of the novel methods are described in the following 

chapters. The term ñoriginalò could be added to the proposed methods to indicate that they are 

introduced for the first time and are not an alternative (ñnewò) implementation of an existing 

method. In this regard, five of the seven contributions are original ideas and novel solutions 

with practical applications to paper watermarks. Additional supporting materials associated 

with generation of chain codes are also provided. Performance evaluation of the proposed 

methods is provided and also compared with a leading modern machine learning algorithms 

based on convolutional neural networks and bag of visual words. In the last chapter, after a 

summary and discussion of the proposed framework, I outline directions for further research. 
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1.4    Thesis overview 

 

The previous sections 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 for deterministically describing watermarks with ability to compare and identify them. 

The rest of this thesis is organized as follows: 

Chapter 2: Paper and paper watermarks is a brief overview of the history of 

papermaking. It also describes the natural occurrence of the watermarks in the process of 

papermaking and the importance of studying watermarks. The literature review presents a 

coverage of background and literature surveys relevant to the research. The scope was focused 

on paper watermarks and their history, an introduction to the history of paper making and the 

origin and evolution of watermark creation. The 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 their limitations. The 

design of a modern hyperspectral imaging system is introduced with demonstration of 

experimental results. Some techniques for watermark images processing and restoration are 

presented. A new method for non-contact watermark reproduction is introduced and 

application examples are demonstrated. 

Chapter 3: Automated identification of paper watermarks provides an overview of 

existing shape descriptors and justifies the applicability of chain code for watermark 

representation. The motivation for a new method of watermark description is further elaborated 

and the implementation is demonstrated.  The generation of the chain code is presented with 

the reverse transform demonstrating that chain codes are inherently a re-generative lossless 
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compression engine. The compression of the chain code is extended with a novel 24-bit group 

presentation with ASCII base 85. The main limitations of the chain codes are described: 1) 

their rotation and scale dependence; and 2) non-existing ability to numerically compare them. 

Chapter 4: Rotation, scale and translation invariant chain code demonstrates an 

original framework for generation of chain codes based on watermark signatures that are 

independent of the size (scale) and orientation (translation and rotation) of the watermark 

image. The minimum boundary box is introduced as a preprocessing technique that provides 

normalization of the watermark images in a dataset and is the basis for generation of rotation, 

scale and translation invariant (RST-invariant) chain codes. 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 code introduces an original method for comparison of 

chain codes. The chapter elaborates that while the dependence of chain codes on rotation and 

scale have prevented their use, the ability to compare chain codes was also a dominant limiting 

factor. The review of research works on chain codes and the search for solutions to overcome 

their 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 the proposed chain code distance metric for watermarksô similarity measure is 

demonstrated. 

Chapter 6: Automatic identification of watermarks with chain codes is presenting the 

results of the application of the new method to a real dataset of watermarks. The selected 

dataset is described with a statistical justification of the applicable sample test size. The 

performance of the new method is evaluated with receiver operating characteristics curves. For 
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the purpose, a random artificial degradation of the chain codes is introduced. To further 

demonstrate the level of performance of the new method, it is compared with the application 

of modern deep learning technique. A Convolutional neural network (CNN) was constructed 

and applied to the same set of watermark images. In order to expand the sample size, synthetic 

image degradation techniques are used. The expanded dataset was used with k-fold analysis 

and random separation of the data on training and testing subsets. The bag of visual words was 

also tested with ten classes of the same dataset and the classification results 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 is demonstrated 

with several examples. The structure, composition and use of the CFV are demonstrated with 

ability to speed up searches and retrievals of watermark database.  

Chapter 8: Summary presents an overview discussion of the work presented in this thesis. 

Conclusions for capabilities of the proposed original framework for automated identification 

of watermarks based on chain code are presented. The achieved results are used to illustrate 

the potential of the new method and to underline the opportunity for possible improvements. 

Future directions regarding this area of research are listed leaving the proposed framework 

open for improvements and optimization. The hope is that this method will become a useful 

tool in filigranology. 
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CHAPTER 2  

PAPER AND PAPER WATERMARKS 

2.1 The history of paper 

Paper was what irreversibly converted societies from ñthe oral to the written wordò. ñPaper 

ï Paging through historyò, by Mark Kurlansky [11], gives a well-justified foundation of 

understanding the importance of paper-making as one of the major technological advances of 

humanity. The book guides the reader through centuries of inseparable co-development of 

human societies and their abilities to make and use paper.  As the author puts it ñStudying the 

history of paper 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 place within it.ò [11, 

Prologue, pp. XIV] 

Many other books make significant contributions to the body of knowledge about paper 

and paper-making [1, 13, 14, and 16].   Because of the quality and significance of the work of 

Dard Hunter, his book of ñPapermaking: The History and Technique of an Ancient Craftò [1] 

is a leading example in many reference lists. Hunterôs famous book was published in 1945 and 

numerous editions continue to be valuable sources with very detailed information. In this thesis 

there will be multiple referrals to different sections of Hunterôs book. In his first chapter, 

ñBefore Paperò, Hunter points out, as Chinese have claimed for centuries, that paper was 

invented in the year 105 CE by an eunuch named Tsôai Lun [1, 32]. This reference is quite 

common. However, the truth has been challenged (and the legend ruined) by twentieth-century 

archaeological expeditionsô discoveries of paper materials in the dry deserts of Central Asia 

which predate the CE. 
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The exact discovery date of paper as a new surface for writing is not of specific importance 

for this thesis. We may use it as a reference to point that ever since the time of its invention, 

paper coexisted with other materials for writing: papyrus, silk, tapa, parchment, vellum and 

others. The list of essential reference books on the subject of papermaking and the history of 

paper is given in the Bibliography of this thesis [1, 11, 13-16]. Many additional sources are 

referenced throughout the following text. 

From China, papermaking finds its way to Korea and the Japanese archipelago in the sixth 

century. In the seventh century, paper became known in Vietnam and India. Papermaking was 

a well-guarded secret and a source of lucrative income for the Chinese empire. A turning point 

was the battle of Talas in 751 when some Chinese papermakers were captured and possibly 

saved their lives by revealing their craft to the Abbaside Caliphate [17].  

The Arabs learned how to make paper which they called kaghid or qirtas, words believed 

to be of Chinese origin. Through Syria, Egypt and the Northern cost of Africa, the craft of 

papermaking reached Morocco. By the eleventh century, the city of Fez in Morocco had 

become an important paper producer.    The first mention of papermaking in Andalusia, todayôs 

Spain, is in 1056 in the town of Xativa. Historically, both Spain and Italy claim to be the first 

European manufacturs of paper [33]. Crossing the Atlantic in 1620, the English Separatists 

(Pilgrims) on the Mayflower did not bring papermakers or any printing materials. Paper was 

not made in America until 1728, when the Liberty Paper Mill became operational on Neponset 

River near Boston. One curious fact, at least 26 copies of the original Declaration of 

Independence are found and some of the paper used was not made in America [13, Ch. 11]. 

In Chapter XVII of his book [1], Hunter provides a very detailed ñChronology of 

Papermaking, Paper, and the Use of Paperò. He starts the chapter by giving due respect to Joel 



11 

 

Munsell, an American printer and publisher for his pioneering work in the history of paper and 

contemporary recordings in the middle of the nineteenth century. Starting from 2700 BCE, the 

chronology goes to 1945 when the first edition of the book was published and ñéit is stated 

that there are more than 14,000 paper products.ò [pp.584] 

Many scholars studied the history of paper and paper making. The Bernstein Consortium 

[18] was formed to bring together all major European actors in the field of digital historical 

paper expertise coming from both humanities and computer sciences (Figure 2.1).  

 
Figure 2.1: Partners in the Bernstein Consortium (www.memoryofpaper.eu) 

The project consists of nine partners from six countries, among which the largest 

collections of paper and watermarks. Other institutions which have contributed prominently to 

http://www.memoryofpaper.eu/
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the project are: Istituto Centrale per il Restauro e la Conservazione del Patrimonio Archivistico 

e Librario, Rome, Italy; Paper and Watermark Museum of Fabriano, Fabriano, Italy; Institut 

Valencià de Conservació i Restauració de Béns Culturals, València, Spain; and The State 

Historical Museum of Russia, Moscow, Russia. As stated in the mission of the Bernstein 

project, the goal was the creation of a European integrated digital environment for paper history 

and expertise. Now, the Bernstein project connects all European watermark databases 

accessible through the Internet. It offers a comprehensive and unrivalled information source 

about paper. An additional substantial goal was the dissemination of the achieved results to a 

broad audience in the form of a series of exhibitions, a book about paper history and 

watermarks and an easily installable software package for paper cataloguing. 

Figure 2.2: The Memory of Paper integrated environment (http://www. 

memoryofpaper.eu/BernsteinPortal/appl_start.disp, last accessed Sep. 2016) 
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The integrated workspace [18] of the Bernstein project provides the digital environment 

necessary for the integration of resources. It is an Internet application interfaced in six 

languages (English, French, German, Italian, Russian, and Spanish) that gives access to all 

Bernstein resources, of which the main components are the catalogue, the atlas, the 

bibliography, the expertise, and the toolkit (Figure 2.2). Recently, the watermarks in the 

Bernstein project was sorted also in Hungarian and some in Portuguese, in addition to the six 

languages defined in the IPH Standard: English, French, German, Italian, Russian, and 

Spanish. 

ñMemory of paperò is a deserving name for a technology achievement that helped to 

preserve so many memories of humanity. Being an excellent material for documents and 

books, paper cannot survive forever. Digitizing the paper content will insure its preservation 

for the future. In the Bibliography of his book, Hunter includes ñboth historical and technical 

materialò about the paper and paper making. He references ñTwo hundred works on 

papermakingò of the Oriental, Occidental, Decorated papers, and the Watermarks, which are 

the topic of the next section. 

2.2    The origin and evolution of paper watermarks 

Due to the changes of the original processing method used in China (Figure 2A), most 

historical documents and manuscripts made in Europe (Figure 2B) inherently contain laid 

(horizontal) and chain (vertical) lines as an underlying artefact (Figure 2C) from the 

papermaking mould (also often spelled mold). The details of papermaking and the historical 

progress are well described in [1], [13] and [16]. 
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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 interference in the watermark 

image [16] (C).  

Around 1755 moulds with finely woven wire mesh were introduced and the paper made 

with them as known as wove paper. Soon after the paper production began in Europe, some 

manufacturers started to form simple shapes made with wires added to the mould. The 

additional wires leave an impression with a desired pattern on the finished paper product. The 

resulting effect was an embedded ñwire-markò left during the pulpôs drying process and 

historically have become known as ñwatermarkò (Figure 2.4). 

 
Figure 2.4: An example of a wire figure added to the chain and laid mould wires. 
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Only the moulds with metal screens affixed to a wooden frame leave the laid and chain 

marks on the paper. A different mould design with cloth screens affixed to a wooden frame 

continue to be in use even today in Asia. This type of mould is floated in water, the pulp is 

poured onto the partially-submerged screen and distributed evenly across the surface. The 

mould is removed from the water and the paper dries directly on the cloth without any marks 

on the final product. In China, Korea and Japan, a flexible screen is often used with the support 

of a rigid frame. The screen, which is usually made of bamboo, can be removed from the frame 

to transfer the formed pulp sheet to a different surface for drying. The level of watermark 

embedding depends on the quality of the mould. The Japanese nagashizuki papermaking uses 

very fine screens and sometimes a thin cloth, to produce especially fine papers. 

In general, the papermaking moulds in Europe use wires, which are closely aligned or 

woven into a mesh. Through the centuries the mould designs have been modified with the goal 

to produce better quality paper. It is possible that the wire mould was an Arab idea. However, 

the papermakers of Fabriano, Italy, are the ones who perfected it. Figure 2.5 displays an image 

of a hand-mould showing the verge and warp wires used to secure the complex watermark 

figure to the chain and laid wires. 

 
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 wires [16, pp221]. 
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It is possible that the cause for the first watermark was an accidentally bent mould wire. 

The artefact was noticeable when the paper was held up to the light. The papermakers realized 

that now they have the means to ñsignò there work.  Originally, watermarks may have served 

to identify papers produced by different workmen within a factory to mark specifically their 

production for which they were ñpaid by pieceò [2]. So the watermark belonged to the 

individual papermaker and not the paper mill. As the paper manufacturing process spread 

across Europe, watermarks were used to indicate the paper brand quality, format, strength, and 

guidance for folding and cutting of the large sheets produced at that time. The watermark 

patterns and composition evolved as a reflection of the commercial and cultural exchanges 

between the middle-age cities [3, 4]. 

Hunter has discussed 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 sizes of moulds used for papermaking. Or that they were 

possibly used as symbols of religious groups called Albigenses, who used watermarks to 

identify the members of their group. Another theory suggested that these watermarks were 

introduced as an expression of artistic skills. A further theory for making watermarks was to 

help workmen to identify the moulds. The historical records show that Louis de Tignonville, 

bailiff  of Troyes and Charles IV (1398-1409), made the use of watermarks mandatory [1]. 

The physical creation of watermarks is described in detail by Eakins et al. [19] as follows: 

ñA watermark is formed by the attachment of a wire design to the mesh surface of the 

papermakersô mould. During paper production 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 on that area 
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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 the sheet.ò 

In his book [1], Hunter has dedicated three chapters to watermarks: IX, X, and XIV. He 

described the ñAncient watermarks: six and a half centuries of mystic symbolsò, ñLater-day 

watermarks: the nineteenth-century development of watermarks into an artistic and technical 

achievementò and ñThe watermarking of machine-made papers and the use of watermarks in 

detecting forgeryò. In these chapters, Hunter has discussed the classification of watermarks 

from early days until the eighteenth century in four classes, based on their shapes. The first 

class includes the early watermarks, which have the forms of crosses, ovals, circles, knots, 

triangles, etc. The second class consists of shapes of the human figure, including a whole body 

and human parts, such as head, feet, and hands. The third class consists of flowers, trees, leaves, 

vegetables, grain, plants, and fruits. Finally, the fourth class includes wild and legendary 

animals, such as unicorns and dragons, as well as snakes, fish, snails, turtles, crabs, scorpions, 

and varieties of insects. This class also includes bullsô heads, dogs, camels, elephants, leopards, 

goats, lambs, cats, horses, deer, and a large variety of birds. Examples of animal watermarks, 

with type, date used and description are in [20]. Further types of watermarks are given in the 

site of the International Association of Papers Historians [22]. Watermarks and their relation 

to the papermaking process is described by Loeber in [7]. 

Many online databases exist with hand drawn watermarks at known scale and accompanied 

by textual description of its creation date, origin, manufacturer, etc. [5, 6, and 23]. Not 

surprisingly, some paper-makers started to copy popular watermarks from their original 

owners. This led to the introduction of the ñcountermarkò [7], located opposite to the main 

watermark, usually smaller and representing the initials of the papermakerôs name. An example 
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would be similar to the LVG initials in Figure 2.3C. It was the use of watermarks in bank notes 

and stamps that first inspired the use of the term ñdigital watermarkingò. 

Modern technology makes the digitization and image storage of historic documents easier, 

better, and more accessible. The Internet becomes an irreplaceable tool for accessibility of 

databases, exchange of ideas and cooperation. Many libraries, universities and research centers 

have developed and continue to expand the use of modern technology to improve the method 

for recording, processing, and storage/retrieval of digitized documents in general and 

watermarks content in particular. Two examples are The International Society of Paper 

Historians portal (IPH) [22] and The Bernstein ï Memory of the Paper project [18]. The 

Bernstein web site has links to more than 30 watermark databases, including: 

Á WILK - Watermarks in Incunabula printed in the Low Countries, created by 

Koninklijke Bibliotheek; 

Á Piccard Online - The entire ñPiccardò repertory of watermark tracings, created by 

Archive of the State of Baden-Württemberg; 

Á WZMA - Watermarks of the Middle Ages, from Austrian manuscripts of the late 

Middle Ages; 

Á Database of Watermarks and Papers Used for Prints and Drawings, created by 

Nederlands Interuniversitair Kunsthistorisch Instituut (NIKI). 

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

Á Watermark Database of the Dutch University Institute for Art History; 

Á A Digital Catalogue of Watermarks and Type Ornaments Used by William Stansby in 

the printing of The Works of Benjamin Jonson; 

Á The WWW Watermark Archive Initiative; 
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Á Imaging and Watermarks of Rare and Fragile Books, Stamps. 

The paper watermarks and their description are the objects of study presented in this thesis. 

More specifically, paper watermarks found in historical documents and manuscripts. In 

comparison, the term ñdigital watermarkò is the term to indicate methods for marking, typically 

in an obscured way, the content of a document. Digital watermark was first used by Komatsu 

and Tominaga in 1988 [24]. Since then, the concept of digital watermarking has been a subject 

of intense research and continued to evolve to identify, authenticate, and protect digital content 

[25]. Further reading on paper watermarks and digital watermarking can be found in [5, 33, 

75, 83, 105, and 148]. 

 

2.3     The study of watermarks 

Paper watermarks found in historical documents and manuscripts are an important part of 

human heritage. In 1907, C. Briquet (1839-1918), published Les filigranes [8] in Geneva, Paris 

and Leipzig, introducing a collection of 16,000 watermarks found in paper produced before 

the seventeenth century.  He visited hundreds of paper mills in order to compose his collection 

[8].  The oldest watermark discovered by Briquet printed on paper was produced in 1292 in 

Fabriano, Bologna, Italy. As previously shown, catalogued as #5410 watermark (Figure 1.1, 

left), it is the oldest known water mark. Also shown in Figure 1.1, the watermark with catalog 

#12021, is one of the oldest known watermarks with the name of the paper-maker [26]. 

According to Hunter [1], the use of the term Watermark in English begins in the eighteenth 

century. In 1708, the New English Dictionary gave the following explanation for the 

watermark: ñThe name was probably given because the watermark, being less opaque than 

the rest of the paper, had the appearance of having been produced by the action of water.ò In 
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German the word Wasserzeichen was used in the first part of nineteenth century, Papiermerken 

in Dutch, Filigrane in French, and Filigrana in Italian and Spanish. The last terms are more 

reference to the ñwire figureò rather than the impression it leaves on the paper. It is also the 

foundation for the term Filigranology (the Latin filium and granum combined with the Greek 

ɚɞɔɑŬ, logia) -the Auxiliary Science of watermarksô History.  In this thesis, the term watermark 

is used as reference to the markings embedded in the paper by the sieve used in the paper 

production method at a given time. The marks from the sieves and the intentionally weaved 

additional wires could and are used extensively for time period dating of historical documents 

and manuscripts, which is further described in this thesis. However, dating documents is only 

one of the applications. 

In ñCatalogue of Watermarks in Italian Printed Maps CA 1540 ï 1600ò, by David 

Woodward [15], the author points out that ñIn any work involving watermarks, it is necessary 

to understand that it is the paper mould, not the paper, and certainly not the map or print, that 

is being identified by the watermark.ò [15, pp. 8]. This being said, paper is the carrier of the 

watermark, the forensic ñsampleò used to make the discoveries. 

Curl Buhler postulates five hypothetical assumptions for any study that uses watermarks 

to date early documents [27, Pp. 2-3]: 

1. A paper mould had a limited life span ranging in four months to four years. 

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

3. The paper produced by a given 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 accumulated ï 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 with assumptions 1, 3, and 5. To accept the second 

assumption for example, we have to 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 Stevenson shows that paper mould goes through identifiable 

stages of aging and changes [28]. He even demonstrates the rate of movement of the 

watermarks at about a millimeter per month of use [28, pp. 251]. While assumption 2 is 

important to possible discrepancies in dating of printed materials in general, assumption 5 is 

especially relevant to maps. One has to consider that only a ream or two are sufficient for 

printing of maps while book print-shops use 20 to 25 reams per an average size book (one 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 first stage of the study of watermarks started with the first known 

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 enhanced stage. 

The famous work of Charles Briquet, Les Filigranes, was published in 1907, a period 

which is considered the third stage of the Filigramology [29]. This is the stage during which 

the study of watermarks became independent scientific discipline with the published works of 

Aurelio Zonghi (1893) and Ernest Kirchner (1896). Humphrey Wanley (1672-1726), a 

librarian to the Earl of Oxford and an antiquarian, produced a collection of watermarks from 

1000 sheets of old papers. Since 1699, the collection is stored in the British Museum. During 



22 

 

the eighteenth century, the interest towards the watermarks and the collections has grown. 

Many authors have contributed to the field: Johann Herring (1736), John Levis (1737), Samuel 

Engel (1741), Joseph Ames (1749), Murray (1763), Rouget (1772), Cristofor Murr (1777), 

Breitkoph (1784), John Fen (1787), Schwartz (1793), Samuel Denne (1795), Camus 

and Sardini (1799). The work of collecting watermarks (first stage) continued during the first 

half of the nineteenth century with the collections made by Gotthelf Fischer (1801), M.C. De 

la Serra Santander (1803), Jansen (1808),  Koning  (1816), Hassler (1844)  and F. Gutermann 

(1845).  

The second stage in Filigranology has started with the first reproduction of 1493 

watermarks in Moscow in 1844 ï the Tromonin's watermark album. The same year, 

the work of S. Sotheby with 265 watermark reproductions was published. Records indicate 

that scholars from Italy, Germany, Poland, and Romania started to copy watermarks and to 

publish in specialized journals. The first work about paper mills and their watermarks was 

completed in Hungary and Transylvania and was published by J. Kemeny in 1844.  

The scholars agree that watermarks offer reliable information on how to date paper sources 

of the late Middle Ages and early modern times. They also agree that while the evidence from 

watermarks is useful, it needs to be used in combination with additional bibliographical 

support. Woodward [15] provides an example of using watermarks with offset evidence to 

reconstruct family of printing plates used in the same place at the same time. In many cases 

with missing explicit date on the document, watermarks allow close period dating. The process 

includes finding an identical watermark taken 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 paper watermarks is a valid scientific approach. One famous 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 the watermarks, Sir Walter Greg has proved that the quartos 

were actually published in 1600, 1608, and 1619 [30]. His findings have been confirmed by 

Allan Stevenson [31]. 

We have to note that since early seventeenth century paper was often made with pair of 

moulds with similar but not necessarily identical watermark designs. Double moulds and 

divided moulds in the eighteenth century are the origin of many twin watermarks [30, 33]. 

Development of proper imaging systems has facilitated their discovery [32]. Figure 2.6 

displays ñpair of twinò watermarks, circa 1640, from the Swedish National Archive [16]. 

Although very similar, these decorative watermarks have distinct differences in their details.  

 
Figure 2.6: ñPair of twinsò watermarks, c. 1640, Swedish National Archive [16]. 

 

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 ñAD751ò, which locates the frequency of these lines after Fourier transform [36], 
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and the other is for laid lines suppression and extraction, known as ñBlue Nileò project. Three 

other useful applications are: 1) ñFiligranaò (another laid lines density measurement tool); 2) 

ñWatermark Scissorsò (an application which segments an image which contains a number of 

watermarks into smaller images according to the number of watermarks); and 3) ñWMTô (an 

application for interactively measuring width and height of watermarks) [35, 36]. 

It is important to note that during the life span of a mould the same watermark may produce 

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

variant of the same watermark known as ñstatesò or ñvariant statesò (Figure 2.7). Their 

differences are considered ñfalse variantsò to distinguish them from the ñgenuine variantsò 

[16]. 

 
Figure 2.7: Different states of the same watermark. Swedish National archive, c 1825. 

The ñFò has not changed while the ñCò has shifted and changed shape noticeably [16]. 

 

In addition to the watermarks as artefacts of the manual papermaking, watermarks also 

exist in machine-made paper. The International Association of Paper Historians [22] has 

created a taxonomy of terms for describing the components of paper, including the paper 

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

in organizational tree structures, (e.g. Birds ќ Eagle ќ Double-headed). 

The First International Conference on the History, Function and Study of Watermarks, has 

discussed the importance of watermarks and respectively their study. The proceedings of the 
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conference were published in [37]. In addition to Les filigranes by Briquet, there are several 

others published catalogues of watermarks. Collections can be found in [38 - 42]. A list of 

books of reproduced watermarks by tracing is in [81], together with a number of traced 

watermarks in each book. An interesting and rare find is the reference to Soviet era watermark 

studies [43]. 

Multiple web-based archives of watermarks are easy to access and use. Some examples 

include [44 - 52] and an extensive list of links to web databases is compiled in [18]. It is 

important to note again that easy access at any time is one advantage of digitized documents 

in addition to preserving digitally the watermarks from their paper carrier decay. The digital 

format allows many researchers to design and develop new methods for watermark processing, 

enhancement, and description. 

Going back to the facts about the original Declaration of Independence, the paper used to 

print it was (and still is) Dutch with three different watermarks. Some of the paper has the L. 

V. Gerrevinck watermark (Figure 2.3C, shown previously). It is the same watermark found on 

the notes of Tomas Jefferson for the 1776 Virginia Constitution. 

 

2.3.1 Imaging and reproduction techniques for watermarks 

Dating of historical documents is only one compelling reason for the continuing research 

on watermarks. Beautiful in their simplicity and enigmatic in their eternity, watermarks may 

stay hidden for centuries waiting to be discovered and reveal valuable information [28, 37]. It 

is very useful to humanity to preserve the cultural heritage of watermarks as stamps of history 

and to make them accessible to everyone interested without the physical access to the original 

paper resource. The problem of converting the watermark visible image from the paper into a 



26 

 

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 the Renaissance at the University of Warwick, 

Coventry, UK, has many useful links to libraries and online watermarks databases [5]. The 

Memory of Paper website of Bernstein, has a map of the centers with digitized and not digitized 

documents with watermarks (551,138 records, 36 databases) [6].  

There are many ways to gather identifying information about a watermark. Being visual 

artefacts and not-linguistic data, imaging watermarks is a better way of retaining information 

compared to textual description. Modern imaging techniques have facilitated the digital image 

acquisition of watermarks and the number of digitized watermark collections continues to 

grow. Nevertheless, the estimate in [6] is that about 66% of documents with watermarks are 

still not digitized. Attempts at standardizing the subjective description of watermarks has been 

published and is also available online [21, 22]. The watermarks are classified according to their 

thematic topic (e.g. flower, lamb, eagle, mill, cross, and others) in multiple languages. Due to 

their high numbers, variety or rarity, and not the least to the subjective nature of existing 

classifications, matching of a newly obtained (and perhaps unknown) watermark is a difficult 

task. Interoperability of existing databases is a separate and very challenging problem as well. 

Modern technologies facilitate imaging, processing, and storage in digital format of many 

cultural treasures and their preservation for the future generations. Captured digital images can 

be compared, processed, stored and retrieved easily. Numerous algorithms allow further image 

enhancements to be easily applied. Modern cameras provide captured images of high 

resolution, which allows the observer to see very small details. Various projects, such as AHDS 

[53], Minerva [54], Pulman [55], and MUSICNETWORK [56], provide guidelines for some 
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of the most useful digitization techniques. Existing methods for paper watermarks reproduction 

include: manual tracing, rubbing, Ilkley, phosphorescence watermark imaging, Dylux 503-

1B503 photosensitive paper, transmitted light photography (backlight imaging), 

thermography, Beta-, electron-, and soft X-ray radiography imaging [57 - 65]. The SHREW 

project (ñSHape REtrieval system for Water-marking imagesò) compares different watermark 

digitization techniques [66, 67].  

The manual tracing of watermarks takes time, needs certain skills, and does not capture 

some watermark details. In addition to the subjective component, it is an intensively contact 

method which is a concern especially for original documents in fragile state. Dylux and back-

lighting methods provide good quality results with watermark details. However, the 

reproductions contain undesirable interferences (e.g. laid and chain lines, paper stains and 

defects, additional writings and others). Using Dylux is associated with ñoff-gassingò from the 

chemicals used in its production [57]. Backlight imaging followed by various image processing 

techniques is one of the most popular approach for watermarks digitization. The method 

provides accurate results, with optimal efforts in respect to cost and time. Main problem of 

using backlight imaging is the presence of the front-side (recto) and back-side (verso) prints 

in the acquired image. X-ray imaging and Beta-radiography method provide good quality 

images, but they are quite complex and require expensive resources and safety measures 

working with ionizing and radioactive sources [62 - 65]. Modern imaging techniques favor 

non-contact imaging including hyperspectral imaging with ultraviolet and near infra-red light. 

As described in [68], Christie-Miller collaboration with Solar Imaging Systems Ltd. [69] 

has developed a hardware back-lighting digitization system - Advanced Paper Imaging 

System. The goal was to record the paper structure (respectively the watermarks) in order to 
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provide digital identification for stolen manuscripts. Another purpose was to capture and 

preserve in digital format valuable artefacts. As a side note, the system was designed to allow 

imaging of bound manuscripts opened at 45o, so the digitization is less intruding and does not 

damage the manuscripts. 

After digitization and segmentation the watermarks images are with different quality, size, 

resolution, and orientation. Figure 2.8 displays watermarks from two different collection. On 

the left, is a sample from the searchable online watermark collections [69]. On the right, are 

watermarks from Primary paper by William Stansby in the Jonson Folio [70]. One can see the 

extreme to which the quality of watermarks representation varies based on the acquisition 

technique used. 

 
Figure 2.8: Examples of watermarks digitized with different techniques and 

respectively different quality. 

 

Digital images of watermarks from many sources require extensive image enhancement 

before filing, classification, and storage. A successful automated search, match, and retrieval 

would require even more extensive preprocessing before it could be successfully applied. The 
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quality of the images depend on the documentôs condition and the imaging technology used. 

Imaging systems continue to improve (optics, filters, sensors, light sources). The 

computational capacity of CPUs and GPUs are also improving. There are multiple algorithms 

developed for image processing and enhancement and many 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 International Society of Paper Historians have developed a set of criteria that can be 

used to describe paper with considerable precision [22]. Known as the IPH Standard, its 

section 3.1 includes a series of entries for watermark data that allow for the identification of 

watermarks based on a set of unambiguous individualizing characteristics: type, dimensions, 

position in respect to the chain-lines, location, and others. The exhaustive set of descriptors 

specified in the IPH Standard are followed by leading scholars in the field of literary 

manuscripts. It is also well accepted that even the best textual descriptions are never as 

satisfactory as a high quality image reproduction such as a beta radiograph [65]. There are a 

number of printed volumes or digital resources that contain reproductions of thousands of 

watermarks. The available databases are a very important resource and the result of extensive 

scholarship. But they are not perfect because the most common (and least satisfactory) way to 

identify a watermark is to cite the known closest match in a database of watermarks based on 

textual description. This is especially valid for watermarks with similarity, being from the same 

ñfamilyò of watermarks or ñthe sameò watermark from different moulds. 

http://www.paperhistory.org/standard.htm
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An important ability is to distinguish ñidenticalò from ñtwinò watermarks. ñTwinò 

watermarks are the result of common papermaking using a pairs of moulds to accelerate the 

process. The pair of moulds had similar but not necessarily identical watermark designs. The 

identification of ñtwinsò and their distinction is important for the studying historical documents 

[33, 71]. Figure 2.9 displays four different ñbullôs-headò watermarks reproduced from A. 

Stevenson, ñThe problem of the Missale Specialeò [28]. 

 
Figure 2.9: Bullôs head twin pairs, Missale Speciale, c. 1473. Two pairs from left to 

right: Wide face - Square face and Level eye - Slant eye. Adapted from [28]. 

 

Some of the techniques for description, classification and storage become clearer by 

reviewing the methods currently used for cataloging, searching and retrieval of watermarks. It 

is a mutual, two-way relationship in which a better and complete description provides easier 

cataloging, and searching. On the other hand, the needs for an easier and faster retrieval 

capabilities, demands better methods for description and classification of the variety of 

watermarks. The next section provides a review of current techniques for cataloging, searching, 

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

Unfortunately, many different methods exist for cataloging of watermarks regardless the 

efforts to standardize the approach in order to achieve interoperability. As previously noted, 

section 3.1 of the IPH Standard [22] of The International Society of Paper Historians includes 

a series of entries for watermark data that allow for the identification of watermarks based on 

a set of unambiguous individualizing characteristics: type, dimensions, position in respect to 

the chain-lines, location, and others. The exhaustive set of descriptors prescribed in the IPH 

Standard are followed by leading scholars in the field of literary manuscripts. Nevertheless, it 

is also well accepted that even the best textual description are never as satisfactory as a high 

quality image reproductions of the watermarks. 

The following Figure 2.10 presents the IPH specifications for describing a simple and more 

complex watermark (IPH Standard, version 2.1.1). 

http://www.paperhistory.org/standard.htm
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Figure 2.10: Examples for description of simple and complex watermarks. 

IPH Standard, Version 2.1.1, 2013. 

 

Figure 2.11 shows an example for cataloging 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 watermarks. This includes 

abbreviation descriptors, dating, origin, and many others. 



33 

 

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

 

In ñCatalogue of Watermarkò by David Woodward [15, pp. 13], the ñExplanation of 

Entriesò for the watermarks are as follows: 

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 

Paper Historians, Provisional Edition, 1992. 

3. The size of the salient feature, such as ñcircle 52 mm.ò 

4. A notation of special characteristics. 

5. A code such as ñA1{p05}-U1ò following the specifications in the International 

Standard for the Registration of Watermarks published by the International Association of 

Paper Historians, Provisional Edition, 1992. 
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B) Each subentry reflects to a specific impression of a map or print, with the following 

information: 

1. Date printed on impression; n.d. signifies 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 from other evidence]. 

4. Name of printer or publisher appearing on impression; n. pr. signifies that no 

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

5. Map number from Toleyôs list of Italian printed maps. 

6. Other references, when not listed in Toley or to help to identify the impression. 

7. The institution and call number where the impression is found. 

The presented referenced text illustrates several aspects: 1) the efforts made to capture the 

complete information; 2) the complexity and manual labor that is involved; 3) the lack of 

options for an easy way for search and retrieval. 

Many attempts have been made to develop a system for classification and retrieval 

watermark images, both by textual-based and content-based approaches. Briquet [8] has 

manually classified about 16.000 watermarks in about 80 textual classes. Del Marmol [72] has 

classified ancient watermarks based on the date of their creation. Pure textual classification 

systems might be less prone to errors but very tedious to use. Textual descriptions and 

watermark labels are inconsistent in methodology and format, erroneous or just not detailed 

enough. Many watermarks are without labels and cannot be used for textual queries. 

Advances in imaging technologies have made possible recent attempts to focus on the real 

content of watermark images. In [73] the authors describe the set-up of a system capable to 
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add, edit or remove watermarks with the possibility of textual and content-based retrieval.  As 

described in the paper, the authors used a 16-bin large circular histogram computed around the 

center of gravity of each watermark image. In addition, eight directional filters were applied 

to each image and used as a feature vector. The algorithms were tested on a watermark database 

consisting of 120 images, split up into 12 different classes. The system achieved a probability 

of 86% that the first retrieved image belongs to the same class as the query image.  

In [74], the authors used three sets of various global moment features and three sets of 

component-based features. The component feature set consists of several shape descriptors 

which are extracted from various image regions. For testing, 806 tracings of watermarks from 

the Churchill collection [38] are used and 15 images and their ground-truths have been 

manually selected. The retrieval system was based on the city-block distance measure. The 

system was evaluated with normalized and averaged precision and recall scores. The authors 

report a precision of 0.53 and a recall of 0.81 for their best scores with the conclusion that for 

their database, global features work better than the component-based (local) features extracted 

from various regions. 

In [75], the authors emphasize that ñsuccessful research in watermarks (filigranology) is 

reliant on the availability of relevant and accurate reference material that can be easily 

accessed.ò After that, the authors describe different technologies for recording watermarks and 

the necessary criteria for proper recording and classification of the watermarks. Image 

examples are given for watermarks recording and processing. For image searching method, the 

authors used content based image retrieval (CBIR). First, ground truth images are established. 

For the retrieval process, a query 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 inspection. The ground truth sets have been selected from an archive of 2000 

digital images of watermarks. In the referenced paper, the evaluation is marked as ñongoingò 

and numerical performance values are not given. 

Textual queries are processed very fast with modern computers but the queries have major 

limitations. As already mentioned, despite the existence of a standard, textual descriptions are 

subjective (inconsistent) and often are incomplete: some of the patterns appearing in a given 

watermark may not be described in the text. For these reasons, queries based on global 

morphological characteristics as well as on the watermark shape are essential. 

The watermarks can be described as shapes of their contours contained in their images. The 

information can be used for accessing the archived images of the watermarks or pictorial 

documents with them [22, 36, 67, 76-78]. Each watermark is described by a list of 

morphological characteristics. The spacing between the chain lines and their density (lines per 

unit length) helps to determine the type of the paper. The overall size of the watermark is 

defined by the height and width of its bounding box. The number of closed regions and the 

shapes of individual regions are described by the invariant moments [79]. 

During the review process of existing methods for watermarks description, I have maid 

useful observations. When multiple watermark regions exist, the centers of gravity of the 

watermarkôs main region are selected to build a new normalized coordinate frame. The center 

of the largest region is the origin of the new coordinate frame and the two other regions form 

the two independent coordinate axes. The remaining regions from the watermark are then 

described in this new frame by means of two scalar coordinates. This morphological 

description of the regions is invariant to rotation, translation and scaling. The percentage of 

black pixels present in the watermark bounding box are used to define the watermark extent. 
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This value allows to assess the complexity of the watermark and to date its period - more 

ancient watermarks are simpler with and have less black pixels compared to the more recent 

ones. The location of the watermark with respect to the chain lines is used to compute two 

values: the distances between the chain lines and the closest pixels of the watermark. At the 

time of recording and archival, these characteristics are determined and stored into hash tables. 

At retrieval times, queries can be made according to one or more of these characteristics. 

The SHREW (ñSHape REtrieval of Watermarksò) is a database project for image retrieval 

of historical watermarked papers. The input data consists of watermarks traced by Churchill 

[38] and images reproduced by electron-radiography. The enhanced watermark images are 

stored in a database and for a retrieval, a given watermark can be matched with previously 

stored watermarks and similar shapes [19]. Traced watermarked images were processed for 

feature extraction: images are first converted to binary using a constant threshold, then noise 

is reduced using filters (e.g., mean, median and Gaussian), images are then enhanced using 

morphological operators. These enhance images were combined with shape retrieval 

techniques and evaluated [80]. The SHREW was further developed and expanded with datasets 

reproduced using electron-radiography [81]. Chain and laid lines were removed by applying 

low-pass frequency filtering. The background was approximated by applying a median filter 

multiple times to produce an image, which is then subtracted from the original image. Some 

examples of the processing results are given in [19]. 

The SHREW system has been implemented in an SQL database (The North Umbria 

Watermarks Archive) for 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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quality and on the content based image retrieval to improve the performance of shape matching 

and retrieval.  

An early attempt for developing a ñsmartò document retrieval system is described by Salton 

in [82]. Wenger et al. [83] have proposed the INTAS project: a Distributed Database and 

Processing System for Watermarks, which is a multinational effort coordinated by the Austrian 

Academy of Sciences [84]. The aim of the project is to build a database for watermarks existing 

in West Europe and Russia, which can be accessed widely, and can help scholars to study the 

captured watermarks and use them to study undated documents. The objectives of the project 

outline the important needs and associated challenges for: 

Á Development of a distributed database system of watermarks; 

Á Methods and technology for producing watermark hardcopies from manuscripts 

and early printed books; 

Á Digital processing of watermark images;  

Á Integrated system for database management and watermark processing; 

Á Population of the distributed database; 

Á Exploitation and dissemination of results. 

This list can be viewed as a charter for continuous work in the field of digitization of 

historical documents. The aim of INTAS was to improve the reproduction techniques, 

including radiographic, back-lighting and rubbing techniques, resulted in the birth of the first 

two electronic watermark databases in Russia [85]. The reproduced images were enhanced 

(contrast enhancement) and watermark contours were approximated using semi-automatic 

processes for identification purposes [86]. These enhanced images are then entered into the 

database. An acknowledgment is needed to emphasize the important role of individual 
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leadership: the leading author of [83], Mr. Emanuel Wenger, is also the coordinator of the 

Bernstein Consortium ï The memory of papers [18]. Similarly to Bernstein project, INTAS 

aims to create a digital environment for researchers to study paper and to link European 

databases of reproduced watermarks together, and provide image processing tools to measure 

paper features. Additional resources can be accessed using the links in [87]. 

The Profil is another watermark database project [88] with the goal to provide scholars the 

ability to identify watermarked paper. Data was reproduced using beta-radiography in the 

National French Library. The watermarks were scanned and entered into the database, together 

with a description of each watermarked document. The recorded images were processed to 

enhance their quality using different filtering methods (e.g., median, Gaussian filters, filtering 

the frequency domain). 

The Bernstein Catalogue allows search in and data retrieval from various online databases. 

The search can be formulated in the six languages specified in the IPH Standard (English, 

French, German, Italian, Russian, and Spanish). Recently, queries are possible in Hungarian 

and some 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 internet. All search terms are translated 

automatically into the supported languages according to the Bernstein vocabulary for 

watermark descriptions. For example, a search for mermaid (English) is carried in Italian for 

sirena and also in German for Meerjungfrau. The catalogue offers three modes for the search: 

simple search, advanced search, and browse motif [18]. Examples for each type are given in 

Figures 2.12, 2.13, and 2.14. 



40 

 

 
Figure 2.12: For a simple search the user just enters the search terms in a search field. 

 

 
Figure 2.13: For an advanced search the 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 systematics classification by names or by icons. 

 

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

Florence has similar search methods (Figure 2.15 and 2.16). 


