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Abstract. This chapter describes methods required for transforming complex
document images into texts. The goal is to make the contents of those docu-
ments available for search engines, which are not born-digital but converted from
a physical medium to a digital format. Established optical character recognition
methods fail for documents for which no assumptions can be made regarding the,
probably unknown, symbols contained in the document, historic documents be-
ing the example domain par excellence. This paper, however, has a much broader
goal: it outlines fundamental problems as well as a methodology in the deal-
ing with documents containing unknown and arbitrary symbols in order to pro-
vide a basis for discussions and future work within the digital library commu-
nity. In particular, future advances will more closely require the interaction of
researchers concerned with such diverse topics as document digitisation, repro-
duction, and preservation as well as search engines, cross-language processing,
mobile libraries, and many further areas. Adopting a general view on the pre-
sented issues, researchers of the aforementioned areas should be sensitised for
the problems met in processing complex, especially historic documents.

1 Introduction

In the last decade several digitisation projects have been carried out. Whole books and
even entire collections of libraries have been transformed into a digital format in order
to provide them by what has been introduced several years ago as digital libraries. Apart
from digitised content, digital libraries also include content referred to as born-digital,
that is content which was created in a digital format. While the latter offers the user a
sophisticated functionality to search through the content, this is impossible for printed
material that just has been converted into a digital format.

In particular, in the last decade many projects have been established to digitise and
archive the cultural heritage. The idea is to save the material from a loss and to distribute
it through the web in order to make it available everywhere. Some of the most prominent
projects include

– the project Gutenberg (www.gutenberg.org/wiki/Main_Page),
– the Google Books Library Project (books.google.com/), and
– the Million Book Project (www.ulib.org/).

A digitised book, however, is nothing else than a collection of images which result from
scanning the according book. Therefore, most digitised collections just make available
more or less large images of the contents of the books. In order to access that content,
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equally like for born-digital content, it is necessary to extract the text contained in these
images. The field of document image processing is concerned with this analysis. This
scientific area has been established many years ago, even before the mass digitisation
projects started. The problems that arise when applying document image processing
methods to document images are manifold, which is the reason for why only a small
segment of scanned documents is available for search engines. Most document images
are too complex regarding their layouts, fonts, and components; sometimes, even dif-
ferent languages are intermixed and different symbol systems are used within single
documents. Established optical character recognition software is unable to successfully
process such documents.

In particular, there is a large segment of books that has been published before the
twentieth century. Those publications are especially difficult to access by means of
search engines since they contain complex fonts, many special characters, and even
symbols unknown today. Additionally, they suffer from several other problems, such
as pages being yellowed, blotted, and distorted. In order to make the contents of such
books available new means are required which enable the processing of historic fonts.
While sophisticated image processing methods are required for this purpose, the basic
idea is rather simple: for each document, which might be a single certificate, a letter,
or a whole book, a document specific font is generated out of that document. This spe-
cific font derives from visual features which can be extracted out of document images.
These features enable the classification of characters and of every kinds of symbols,
since at this stage no assumptions are made concerning the underlying language. Refer-
ring to such visual features, which can be arbitrarily complex shape features, the font
of a historic document can be arbitrarily complex itself. While the recognition of the
underlying characters is not included in this process, a subsequent mapping process has
just to follow for the extracted characters to be recognised with respect to a particular
alphabet. In this sense, this paper describes the very first step necessary to apply other
advanced technologies to such documents, for instance, to search through these docu-
ments, to deal with cross language processing issues, or to even evaluate the content at
the semantic level.

This chapter is about the processing of difficult, especially historic documents. The
results include methods which are about the extraction of texts from images, in par-
ticular, for those documents for which standard optical character recognition methods
fail. Secondly, for each such document a document specific font is extracted, that de-
fines for each character class a visually optimal exemplar; taking those exemplars for
all characters a document can be reproduced on different media, e.g. on smart phones
to access contents from everywhere, by referring to the new document specific scalable
font. Thirdly, methods are investigated that are fast regarding the whole analysis pro-
cess; this is important inasmuch a library would have to analyse large collections in a
reasonable time. Eventually, a large compression rate is achieved since fonts are repre-
sented by means of vectors which are much more compact than the according images,
which do frequently have a particular high resolution in order to make the original docu-
ment persistent as precise as possible. It is shown how this approach works by analysing
documents of a Fraktur type.
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Fig. 1. The process chain

The body of this chapter is structured as follows. In Sect. 2 the methodology as a
whole is outlined. It divides into three main stages: font extraction, glyph classification,
and document reproduction, which are described in turn in Sects. 3 to 5. Conclusions
are drawn from this work in Sect. 6, links of the presented work to different topics
within the digital library community are given in Sect. 7, and a summary in Sect. 8
closes this chapter.

2 The Approach

The methodology for extracting texts out of documents containing unknown symbol
sets is outlined in this section. Each document is processed as indicated in the flowchart
shown in Fig. 1. Whole repositories of scanned document images are to be analysed
and enter this process chain.

2.1 Glyph Extraction

In the first step, the symbols which are found on the document pages are extracted
out of these document images, more precisely, out of all document images pertaining
to one document, a book, a certificate or something else. From now on we use the
notion of a glyph which represents the visual appearance of a symbol. A symbol, like
an ’a’, might be represented by different glyphs within different fonts; or, in different
languages, glyphs might even represent different symbols. Furthermore, for the time
being we neglect that a symbol might be represented by either exactly one or by more
glyphs, which are either single or multi-piece regions in the image.

The assumption is that each document contains a font which might be quite specific
to this document, because glyphs could be part of such a document which are not in
use anymore today (e.g. a font of a Fraktur type). Accordingly, two different documents
might contain very different glyph sets which is the reason for why those different
documents should be processed separately.

The extraction of the symbols of a document requires image processing methods
that are able to determine regions in images which represent exactly one glyph. Such
regions are to be determined as precisely as possible, because similar glyphs are to be
distinguished and the glyphs are to be reproduced in a later step in order to reproduce
documents with a high quality.

2.2 Glyph Classification

The second step is about putting those glyphs into equivalence classes which repre-
sent the same symbol within the present document specific font. Those regions that
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represent exactly one glyph can be characterised by means of shape descriptions. Each
glyph in a document needs to be represented uniquely by such a shape description; ide-
ally, each occurrence of the same glyph would have the same shape description. In this
way, the glyph extraction process takes into account the specific glyphs of the given
document, namely the shapes of those glyphs. As a consequence, from each document
a document specific font containing a particular glyph set can be extracted. This glyph
set corresponds to an arbitrary symbol set which has been employed in the according
document.

While accuracy is a fundamental requirement of the first step, efficiency is important
for glyph classification. This is because taking a single document page there might be
already a few thousands of glyphs on a page, the number varying with the size of the
given font. That is, a huge number of glyphs is to be classified when taking a whole
book. In order to process a book in a reasonable time, shape descriptions are to be
investigated which allow a fast glyph classification.

2.3 Glyph Reproduction

Having extracted and described the glyphs’ shapes in the previous steps, their repro-
duction can be based on these shapes. For this purpose, it is sufficient to reproduce their
outlines and inner holes which can be represented in a SVG1 vector format. Since the
classification step results in equivalence classes for glyphs, each class can be repre-
sented by exactly one glyph in its vector format. This has the consequence that glyphs
which are correctly classified but which suffer from deficits concerning how they are
depicted in the original document, can be reproduced as if all visual defects have been
automatically corrected. Each glyph class can be represented by a particular good ex-
emplar.

The two main requirements for glyph reproduction are a good compression rate and
a scalable glyph representation. The first requirement enables the compressed represen-
tation of large books. In this way, less memory is required for the encoded documents
than for their original document images. This enables also the transfer of large doc-
uments among devices as well as to display them on devices with restricted memory
resources, such as on smart phones. The latter also requires to change the scale of the
font so as to make it optimally visible on a small device. This will be possible through
the second requirement.

3 Extraction of Glyphs

The extraction of glyphs requires sophisticated methods which are, unfortunately, to a
large degree dependent on the given image material. The latter might suffer from several
different problems, such as yellowed, blotted, or distorted pages. A number of different
methods have been investigated; the most important results are found in [7]. In the
following we show how a specific set of image processing filters enable the extraction
of glyphs from a journal series of the nineteens century containing Fraktur glyphs2.

1 Scalable Vector Graphics.
2 Die Grenzboten, 28. Jahrgang, 2. Semester 1. Band, Leipzig 1869.
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In order to extract glyphs from the document images (top left of Fig. 2), first of
all colour images are converted to grey tone images (top right of Fig. 2). A Sigma-
filter is applied in order to suppress artefacts [6]; such filters maintain edges, while the
background is smoothed (bottom left of Fig. 2). Connected components which represent
single glyphs are determined by applying binarisation filters, such as Sauvola [9] or
Shafait et al. [11] (bottom right of Fig. 2).

Starting from the connected components a Euklidean distance map is computed
(EDM) (top left of Fig. 3). The connected components are extended by two points into
each direction in order to grasp the grey values from the surroundings of each connected
component. This is required for later reproducing the glyphs appropriately (top right of
Fig. 3). The connected components are then cut off the denoised image and the gaps are
filled with grey tone values with a bilinear approximation method; the resulting image
shows the background (bottom left of Fig. 3). The extended connected components are
subtracted from this background image and the result is inverted in order to get black
glyphs on the white background (bottom right of Fig. 3). Deskewing algorithms can
be applied to this image in order to correct the orientation of glyphs with respect to
the document page, without being exposed to blurrings and other artefacts of the back-
ground. The connected components of this final image can be forwarded to the glyph
classification methods.

4 Classification of Glyphs

As argued above, a fundamental constraint in the present application is efficiency. Suit-
able features for classifying binarised glyphs should enable fast comparisons. This is
hardly possible when employing complex templates that describe shapes in a sophis-
ticated and detailed way. By contrast, the most compact features characterise shapes
by means of single numeric values. Textbook examples include the compactness of a
glyph, its radius ratio, aspect ratio, convexity, and Hu moments [5]. Comparisons based
on such features stick to a constant runtime complexity, since they describe glyphs in-
dependently of the number of components, which might either be contour points or all
points contained within a glyph. It is therefore worthwhile to investigate whether such
features are sufficiently precise.

While those single numeric features mentioned in the previous paragraph are not pre-
cise enough, it has been shown how qualitative features complement those established
features while sticking to the same runtime complexity [7]. These features are based
on a system of shape properties introduced in [3]. Instead of computing those features
on all contour points, glyphs are first of all approximated by straight segments which
frequently represent a glyph much more compact, since many glyphs contain a number
of straight segments.

It is then the idea to describe a glyph shape with respect to single glyph segments.
That is, the shape of a glyph extends over a specific range defined by each single seg-
ment. This latter is referred to as a segment’s scope that can be succinctly described as
to be left-of a segment, right-of it, on top, below and by some further directions which
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Fig. 2. Preprocessing steps: original, greyvalue image, noise reduction, and binarisation
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Fig. 3. Next preprocessing steps: Euklidean distance map (EDM), connected components ex-
tended by two points according to EDM, bilinear averaged background, and enhanced image to
be used for describing the glyphs
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Fig. 4. Even similar glyphs could be told apart, as can be seen for the two glyph classes in the last
two rows. But the compression is not optimal: among others, there are four classes for the glyph
’e’, three ’r’-classes, four ’n’-classes, and two ’u’-classes.

can be combined to assemble to many different scopes. Counting their frequencies for
each segment of a glyph, the scope histogram [10] is obtained. It describes the shape
of a glyph in a significantly different way than other shape descriptions, why it in fact
improves classification results when adding scope histograms to Hu moments and the
other numeric features. Further improvements of this technique are expected by consid-
ering the orientation variance of glyphs which is neglected by all of the features used.
Additionally, we aim at looking at interior contours of holes, entailing the considera-
tion of more distinctive glyph properties which are, in our evaluation, solely taken into
account by Hu’s approach.

Current methods employed are computationally more expensive but result into better
classification results. The horizontal and vertical profiles of single glyphs as well as a
pixel correlation approach is employed [4]. The latter relates all image points to their
neighbourhood with regard to their differences in grey tone values. By this means clas-
sification results are obtained with errors less than one per cent. A trade-off between
this error rate and the compression rate of the obtained font representation is observed:
the lower the compression rate the more precise the classification result and vice versa.
Fig. 4 shows the classification results obtained for some similar glyph classes. The first
column indicates the prototype glyph of a class, while all other objects in the same row
pertain to the same class.

5 Reproduction of Glyphs

We aim at extracting document-specific fonts from historic document images. For their
high-quality reproduction size, style and kerning information as well as subtle character
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Fig. 5. Three examples for Fraktur letters: M, ch and g, generated by the described approach

Fig. 6. Section from a document page including blurred glyphs which can be neatly reproduced

details are needed. Established optical character recognition methods are confined to
correctly classifying glyphs. Here, however the idea is to assign unicode codepoints to
prototype glyphs from the unicode ‘private use area’ and encode the generated fonts
with unidentified glyphs. This allows reflowing of text and high speed text searches
from examples – in essence a fast form of word spotting.

In detail, in order to generate a font, an edge following algorithm is applied on the
binarised glyphs as well as on their holes, see Fig. 5. The obtained paths can directly
be translated to SVG. In this way, it is possible to reproduce thousands of glyphs in
a couple of seconds, meaning for a typical document page a processing of about ten
seconds on a standard office laptop, on which no particular optimisation algorithms
have been used.

Some of the advantages of the whole approach are illustrated in Fig. 6. A couple
of the glyphs in this document are blurred. After the glyphs have been extracted and
classified, each correctly classified glyph can be represented by a neat prototype glyph.
Its SVG representation can eventually be scaled up and down arbitrarily, so that it fits
the device where the document page is to be displayed. Figs. 7 and 8 in the appendix
show two different examples with very different fonts and their final reproduction.
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Fig. 7. Die Grenzboten, 28. Jahrgang, 2. Semester 1. Band, Leipzig 1869; SuUB, Bremen
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Fig. 8. Ellenbog, Ulrich: Ain wunderbaere jnstruction und underwysung wider die pestilentz,
Memmingen, Albrecht Kunne, 1494; Bayerische Staatsbibliothek

6 Discussion

Evaluations of the presented method already show promising results. However, much
progress is expected regarding further investigations into how to improve the presented
methods. For example, qualitative shape descriptions can be improved wit respect to
many aspects. When they reach the same classification performance than the methods
currently employed, they would significantly reduce the computational complexity.
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A fundamental observation, however, is that it is hardly possible to obtain the same
classification results as those described in this work for arbitrary documents. Historic
documents, in particular, but also other complex documents which cannot be processed
by optical character recognition methods available today, would benefit from the de-
scribed approach. But the difficulties met with document images concern arbitrary kinds
of noise, and also, every kind of complexity concerning the document layout. What we
have left out in our current evaluations are diagrams, illustrations and images which
can all occur on document images and which are to be separated from the text. Further-
more, the latter sometimes runs along more columns, posing yet other challenges. This
list of difficulties can be extended ever more, making it impossible to process arbitrary
documents automatically.

Because of the aforementioned difficulties, we aim at developing a kind of assistance
system for document processing which makes use of automatic processing methods,
which, however, can be adjusted by the user within every step. As a consequence, doc-
uments with an arbitrary complex contents and layout will be successfully dealt with,
although not fully automatically. This is what our approach distinguishes from others
who argue in favor of a fully automatic processing approach [8].

7 Future Challenges

Apart from the discussed document processing issues, new challenges will require
a tighter and interlinked cooperation among researchers coming from different areas
within the digital library community. Some of these challenges are as follows, showing
the place of the presented work within the digital library community:

– There might be complex documents from all sorts of areas containing every kinds
of sophisticated symbols which are to be transformed into a digital format; the
methodology described in this paper will be of use in these cases.

– Complex documents to be analysed could benefit from other successful document
processing projects that are well accessible through library catalogues which pro-
vide features about their source of origin. The latter might give great indications
about the success of specific document processing parameters. Catalogues could be
enriched with meta-data about such features.

– While the parsing of content takes place at a much more abstract level of document
representation, failures in document processing might have been kept undetected.
Dealing with known languages during grammatical parsing, such failures could be
detected when the parsing fails itself. A link back to the document processing level
would inform the latter about misspellings.

– Multilingual documents are faced with the problem of special characters that are
specific to a given language, such as in German or Swedish. The document specific
font of a document would include all available symbols since no restrictions are
made regarding the presence of more than one alphabet.

– The organisation of repositories should take into account limitations met at the
document image processing level. The resulting transformations might suffer from
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different problems and could be assigned with a particular grade of quality. This is
of importance if the documents enter further anlysis tools.

– The context of the document image with all its characteristics could give hints
about when, where, or under which circumstances the document has been written,
printed, or published. This knowledge in turn can be of great value when evaluating
the content itself.

– Specific problems at the level of language analysis, such as disambiguation, could
benefit from background knowledge obtained with the aid of the underlying docu-
ment. That is, it might be impossible to resolve ambiguities at the linguistic level,
but when deriving the age of some given document, background knowledge can
inform us about the possibility that specific meanings of a word or a phrase would
make sense for a given period.

– Data integration at a rather basic level can benefit from and make use of the same
knowledge as in the previous examples, namely concerning whatever can be de-
rived from the document images about the period when the document has been
published or from which location it is.

– Document retrieval can take place at different levels of abstraction. Digital con-
tent can be easily accessed at the symbolic level, employing all currently available
means of search engines. But document images which could not be translated into
a text format with a sufficient grade of quality can instead be searched by query-by-
example [1] or even with the aid of query-by-sketch approaches [2].

This list is presumably not complete. But it shows the diversity of future challenges and
indicates the broad spectrum of methods necessary from different areas. Scientists from
those areas have to collaborate closely to manage these challenges.

8 Summary

This paper presents a method for extracting texts from images. As opposed to optical
character recognition methods, no assumptions are made regarding the underlying lan-
guage. Instead documents can be processed which are made of an arbitrary large and
complex symbol set.

The overall goal is not confined to present that method. Rather, links to other areas
within the scientific community of digital libraries are established in order to provide an
agenda for future research that will deal with ever more complex challenges for dealing
with and managing documents at all conceivable levels.
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