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ABSTRACT

This subject is on the crossroad of different fields like sig-
nal or image processing, pattern recognition, artificial intel-
ligence, man-machine interaction and knowledge engineer-
ing. Indeed, each of these different fields can contribute to
build a reliable and efficient document interpretation system.
This paper points out the necessities and importance of ded-
icated services oriented to historical documents. In a first
step, a bird view approach is adopted describing document
specificities and associated projects which deal with the en-
richment and the exploitation of heritage documents. This
synthesis lead to a set of particular Research Problems. The
second part focuses on a set of open issues, which should be
tackled by the document analysis community, for the man-
agement of the features and the knowledge representation of
these ancient documents.

1. INTRODUCTION

Experts plead for strong actions guaranteeing a lasting
preservation of our cultural and scientific resources, which
represent a living and collective memory of our societies.
The evolution of our economies towards a model based on
digital content has a deep impact on this preservation; the
challenge is to make this impact a benefit and not a draw-
back. Large resources have been invested on digitization
programs for the cultural heritage, including museum collec-
tions, archaeological sites, audiovisual archives, maps, his-
torical documents, and manuscripts. However, several fac-
tors can become a hindrance in optimizing the management
of these resources.

First, the approach is often fragmented, with a lack of
global management and strategic management tools and no
common policy on the management of already digitized re-
sources and on setting priorities; hence the threat of waste in
resources, efforts and investments. Digitization is also costly
and needs huge investments, often based on public funding.
Some kind of ”return on investment” is expected, at least
from the point of view of lasting availability and usability
of the digitized resources.

But the technologies and standards chosen and used to-
day may become quickly obsolete and inadequate. Intellec-
tual and industrial property rights also lead to various prob-
lems. Many partners have obviously rights and claims on the
digitized content, which need to be acknowledged and taken
into account. There is a strong need for common solutions
for handling these rights in the cultural domain. During the
whole acquisition process from scanning the paper and all
the way to indexing the digital documents many precautions

must absolutely be taken to ensure the possibility of using
automated techniques. One typical example is the fact that
many institutions produce highly compressed files, e.g. using
JPEG, which sometimes hinders the use of automated image
processing techniques. Thus, institutions which do not con-
sider all the constraints relative to the global ”valorization
process” produce more or less unusable data, from the point
of view of automation. Among the fundamental constraints,
let us cite the resolution of the images, that must be the high-
est as possible for a long term exploitation strategy. This
highlights the necessity of having a close dialogue between
different communities, from social and human sciences re-
searchers to computer science specialists.

Images of documents are like no-others, documents are
made by human for human purpose. From the point of view
of pattern recognition in general and document image anal-
ysis more specifically, we are in the presence of a classi-
cal problem involving image processing techniques as well
as computing of invariants used for indexing, and database
management issues. Compared to classical document image
analysis problems, the main changes are due to the amount of
data and the poor meta-data surrounding this heap of pixels.
Commonly, the question of the organization of the feature
space in which the documents are transcribed arisen. An-
other important difference with classical recognition prob-
lems is the wide variability of representation of the informa-
tion that can be found in ancient documents. The fact that
the images are often degraded by noise adds to the difficulty.
Finally, and this is probably the most important difficulty,
the problem of having an exhaustive expression of the future
usage of the indexed documents raises the question of how
to structure the information and of the cues that have to be
extracted from the images.

The effort to manage ancient documents so far seems to
be in progress. In France, firstly, this idea was generally frag-
mented. There was a lack of global and strategic manage-
ment tools and no common policies on handling of ancient
document resources and on setting priorities in management.
This results in the threat of waste in resources, efforts and
investments. Digitization is also costly and needs huge bud-
gets, often based on public funding. Fortunately, from the
support of French government and the collaboration of many
research laboratories, the projects called MADONNE and

NAVIDOMASS1 were set up for the purpose of preserving
and exploiting ancient documents. These pioneer projects
opened the way to more and more challenging relations be-
tween ICT-HSS communities (Information & Communica-

1http://madonne.univ-lr.fr and navidomass.univ-lr.fr



tions Technology - Humanities and Social Sciences). French
and European initiatives such as the french digital library
GALICA, and the British Library show the engagement for
this cause. This effervescence denotes the matter of the digi-
tization of our cultural heritage.

2. HISTORICAL DOCUMENT SPECIFIC
RESEARCH TOPICS

To reach the objectives of providing structured access and
browsing capabilities to large sets of cultural heritage docu-
ments, we need to index these sets using the various features
which can be of interest for searching. This includes illus-
trations, text, styles, various kinds of symbols, handwritten
annotations, etc. This leads us to the need for close cooper-
ation between various document analysis expertise areas, as
none of these areas answers the requirements on its own. In
the following, we will discuss the main research themes in
the field of ancient document analysis.

2.1 Collection modelling

In the context of large collections of data, one can observe
a strong homogeneity in the way the information is struc-
tured, depending on the different collections. Collections
modeling consists in extracting as automatically as possible
the features that characterize a collection or a set of collec-
tions, in order to assist the analysis of the images, by apply-
ing adapted image processing tools. This question raises the
problem of automatically discovering the similarities con-
cerning the structures of the books, in order to construct a
relevant model of the corresponding collection. In the con-
text of the MADONNE project, Journet et al. [7] proposed
a set of processes allowing to categorize the pages of a book
according to the spatial organization of the data. The extrac-
tion of some features describing the layout and the structure
of the document allowed them to structure the collections of
books, in term of similarities between the spatial organiza-
tion of their contents. For that purpose, Journet proposed a
function based on autocorrelation for the extraction of the
features (see figure 1). The future of this work will consist in
measuring the similarities between different books, provid-
ing the required models for the collection.

Figure 1: Image categorization as a function of the content

2.2 Document Layout Analysis

The structure of a document is usually relative to a presen-
tation and organization model and aims at helping the user
in understanding the information provided by the document.
Specific challenges appear in old collections, as the typical

documents from the 15th, 16th or 17th century dealt with in
our project. In a number of cases, the layout itself conveys
precious information for browsing the documents.

The analysis of the elements of the layout may be an ex-
cellent guide for content based information retrieval, by us-
ing full text search of similarities measurements, applied to
specific zones yielded by the layout analysis. It may also
guide us in finding the information which can be made read-
ily available to the general public, as opposed to informa-
tion which is protected by privacy, confidentiality or prop-
erty rules. In the context of the Madonne project, let us
cite the work of Couasnon [5] on the collective annotation
process of military registers from the 19th century (see fig-
ure 2(a)). This process goes through a very reliable analy-
sis of the structure of the documents, based on 2D grammar
techniques integrated in the DMOS system, allowing to de-
tect each cell of the military register even if the structure of
the document is degraded. Thanks to this fine detection of the
cells, the system proposes a similarity measurement system
allowing to browse military registers on handwritten names
with textual queries without OCR. The similarity measure is
based on the extraction of low level primitives, graphems, the
organization of which permits to provide a measure of simi-
larity between two handwritten models. The difficult points
encountered here are relative to the overlapping of graphic
layers, for which textgraphic segmentation techniques may
be useful. This system has been validated on 165,000 pages.
Another contribution has been the building of a system called
Agora for the interactive analysis of document layout [14].
Depending on the needs (extraction of ornamental letters, of
marginal notes, of titles... ), the user can thus build scenar-
ios allowing to label, to merge or to remove the extracted
blocks. The scenarios can be stored, modified and applied to
other sets of images in batch processing mode.

(a) Example of document (b) Structure analyzed by the system

Figure 2: Structure analysis with the DMos System [5]

2.3 Handwritten Documents

The processing of handwritten manuscripts from the cultural
heritage leads to specific questions which are far away from
usual handwriting recognition analysis as addressed in postal
or banking applications, for instance. The aim is rarely to
recognize the handwriting but rather to characterize and iden-
tify different writers [2], or to date some documents. Fig-
ure 2(b) is a typical example of what we aim at working on.
Indexing based on visual information features is therefore
one of the main keywords for us. In specific cases (hand-
written name registers for instance) global shape recognition
techniques can lead to classification according to shape sim-
ilarities and even to limited handwriting recognition for in-



dexing purposes [5]. For this, lexical knowledge about the
domain of use can be of considerable help.

In the context of the Madonne project, Nicolas et al. have
proposed a set of processes allowing to help historians to an-
alyze Flaubert’s manuscripts layouts [10]. In this context,
some relevant signatures are computed in order to check that
the spatial organization of the data match features character-
izing Flaubert’s layout style. In this case, Hidden Markov
Models, as well as dynamic programming, are used for the
segmentation and modeling process. The results highlight
that the relevant features that have to be considered in such
a process combine handwriting features and structural infor-
mation about the spatial organization of the data. Such an
analysis leads to characterization of the author’s (authentica-
tion), but also to the possibility of ”reconstructing” the gene-
sis of the writing process through the successive annotations.

Figure 3: An example of handwritten manuscript with au-
thors annotations

2.4 Indexing on Graphical Features

Usually, documents are indexed mainly on text. However,
heterogeneous sets of historical documents often contain fea-
tures which are graphical in nature, although they represent
text. This is especially the case with illustrated dropcaps
associated with artwork (see table 1), on which we have
focused a lot of work in the MADONNE/NAVIDOMASS
projects. There is little know on how to compute invari-
ants for indexing documents on this kind of features. Ac-
tually, our experience with our CESR partners highlights the
diversity of requirements that may be expressed by the users.
Some historians want to detect slight differences between
dropcaps in order to be able to date them [1], some others
want to detect letter [6] (see figure 1), while some others are
only interested in global content based retrieval problems (by
using query by example searches, like in figure 5).

A first problem to be addressed is to define features to de-
scribe these particular images. Different sets of descriptors
have been developed in the LIPADE Laboratory, in one hand,
and in the L3i laboratory, on the other hand. The first labo-
ratory uses a statistical law (the Zipf Law [11, 4]) to charac-
terize distribution of the pixels within dropcaps. From these
characteristics, a decorative style can be identified and used
to classify images. The second laboratory characterize drop-
caps after a top down segmentation process. This segmen-
tation allows providing a set of layers on each of which a
signature is computed as in [18], or specific elements are ex-
tracted as in [6]. These signatures present the advantage to
take into account the spatial organization of the data.

Figure 4: Zipf Law of a specific DropCap [11]

As the letter is important for historians, two approaches
[9, 6] have been developed for this specific problem. The
first approach, developed by the LORIA’s group, used a com-
bination of different shape descriptors based on a behaviour
study of a learning set. Each descriptor is computed on sev-
eral clusters of objects or symbols. For each cluster and for
any descriptor, an appropriate mapping is directly carried out
from the learning database using a ranking measure. The
second approach, developed by the L3i’s team, extract sim-
plified shapes using a combination of two decomposition.
Once the shapes have been separated, they are described us-
ing shape features. A Selection rule is applied allowing to
only keep the letters. Some results can be observed in fig-
ure 1.

All these processes allow us to implement two content

based image retrieval system2, the results of which are very
encouraging in terms of recall/precision.

Figure 5: Drop Cap indexing [18]

Table 1: Letters extracted from dropcaps and used in retrieval
and ranking applications[6]

3. ACHIEVEMENTS AND OPEN PROBLEMS

As one can see through these different points, the preserva-
tion of cultural heritage documents requires to combine vari-

2The first one is displayed in figure 4 and the second one can be found at
http://navidomass.univ-lr.fr/LettrineRequestWeb.html



ous methods from the document image analysis field : image
processing, handwriting recognition, document layout anal-
ysis, graphics recognition, etc.

Figure 6: Hyper text navigation

However, many problems remain open, and require more
works. Of course, this huge amount of data raises new prob-
lems, specifically in relation with ”content based” operations.
For graphics in old manuscripts, some new signatures have
to be developed in order to order offer hyper-text navigation
based on meta-data obtained using word spotting or graphic
spotting methods (see figure 6). These problems may be or-
ganized as follows:

1. Content characterization : the different examples illus-
trated in the previous parts highlight the necessity to work
on the definition of relevant signatures for the indexing
process. Depending on the kind of information to char-
acterize, and depending of the user requirements, some
of them can deal with structure, handwritten, or graphic
indexing

(a) In the context of manuscript documents, as one can
see in the part dealing with handwritten document,
many aspects should be considered for the authenti-
cation/transcription of a document. Some signatures
integrating texture features and/or spatial based char-
acteristics should be considered. These signatures
should integrate statistical descriptors, combined in
the context of structural signatures. Concerning in-
dexing services, some new researches should be con-
sidered about word spotting techniques, in order to
provide relevant shape based words descriptors, al-
lowing to retrieve a particular word, without running
any OCR system. Some interesting issues can be
found in the works of [8]

(b) In the context of structure based indexing, some re-
searches should be considered, in order to define
spatial based signature for structure characterization.
These signatures should be based on preliminary seg-
mentation stages, in order to distinguish all the layers
of information of the document : printed, manuscript,
graphic,... This point highlights the necessity to work
on image segmentation techniques, in the context of
historical documents. Computer vision based tech-
niques should be re-visited in order to analyse the ap-
proaches that may be adapted to the specific context
of documents images. Some structural signatures,
combining statistical descriptors should also be con-
sidered. Some interesting works issuing from [13]
should be mentioned as interesting approaches for
this kind of problem.

(c) In the context of graphic images, some new con-
tent based characterization techniques should be de-
veloped. Indeed, in the context of ancient docu-

ments, most of the time, one has some to consider
illustrations that had been printed thanks to wood
stamps, ant the resulting images are generally images
of strokes. As a consequence, these images have so
specific features that the reuse of ”classical” images
processing techniques is not so obvious. Different ap-
proaches are possible for characterizing such images
like segmentation based techniques [18], Zipf law
based techniques for content characterisation [12],
key-points detection characterization or Wavelets de-
composition. Whatever classical technique is consid-
ered, this one should be re-analysed in order to see
how it has to be re-configured for being adapted to
ancient document images.

2. Scale resistance : this concerns mainly the problem of
scaling the recognition approaches, because of the vari-
ability of representation that is one of the specific fea-
tures of ancient documents. This aspect appears to be
one of the most fundamental aspects since it is based on
the assumption that the number of objects in the learn-
ing database is very small. On this basis, the problem
is here to characterize which features are relevant for the
user requirements, and which are generic enough for rep-
resenting the class of object to be indexed or recognized,
from a generalization point of view. Some interesting ap-
proaches dealing with this problem can be found in [16].

3. Masses management: most of the time, each object to be
retrieved is ”summarized” through a signature, that can
be based either on a statistical or a structural description.
When dealing with huge amount of document images,
the problem is thus to be able to retrieve an object or
a part of an object. In the context of a huge repository
of images, an exhaustive and sequential comparison of
the query with all the objects of the database is not rea-
sonable, because of obvious complexity problems. As a
consequence, in order to avoid such sequential research,
the problem of structuring the features space becomes a
crucial problem. Depending on the nature of the signa-
ture (statistical vs structural), this problem can be tack-
led by using different strategies. Considering statistical
approaches, the indexing and clustering techniques in the
context of high dimensional features vector should be ex-
plored, in order to structure the features spaces within a
hierarchical manner, so that the access could be naturally
indexed. Some interesting issues can be found in [17] In
the context of structural description, the problem is of-
ten to structure graphs spaces, so that it is not necessary
to run an exhaustive comparison between the query and
all the graphs summarizing the images. Some interest-
ing issues dealing with median graphs descriptions, spec-
tral graphs and graphs probing approaches are interesting
from this point. [3] (See figure 7)

4. Use interaction and Knowledge modelling: Another
topic is the problem of modelling the domain knowledge,
in order to assist the user for producing a relevant sce-
nario when dealing with a specific subject. Most of the
time, the lack of user requirements is a recurrent prob-
lem. Considering this point, three aspects seem impor-
tant to develop. First, the necessity to provide human in-
terfaces allowing the user to interactively construct image
analysis scenarii, according to their objectives. This kind
of strategy can be implemented by proposing simple and



Figure 7: Graph analysis for document image description

editable scenarii that can be easily experimented by the
user. Some interesting issues can be found in [15], with
AGORA system. Second, in the context of information
retrieval, the problem is to provide user-friendly inter-
faces allowing the user to interactively modify the results
provided by an automatic system, and such that the sys-
tem is able to ”learn” the requirements of the user. This
aspect raises fundamental problems related to relevance
feedback and incremental learning, which are probably
the most difficult points (and one of the less significantly
explored) of this research problems. Third, the problem
of formal modelling of the user knowledge appears to be
a fundamental aspect of ancient document indexing. In-
deed, domain experts are generally able to express the
criteria on which their requirements are based on. On this
basis, the ontology based models should be developed in
order to provide generic system, allowing to dynamically
generate analysis scenarii. This research aspect, in in-
teraction with relevance feedback questions is a difficult
point that has to be considered in the future.

4. CONLUSION

This paper presents a short synthesis of different prob-
lems that have been tackled in the context of research
projects funded by the French government: MADONNE and
NAVIDOMASS. Some of the contributions of this research
consortium have been presented and research issues have
also been suggested. These orientations highlight this inter-
est of working with other communities, since many of these
suggestions concern new human interfaces, ontology mod-
elling, and graph clustering.
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