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Abstract. In this paper, we describe a system to perform Document
Image Retrieval in Digital Libraries. The system allows users to ret rieve
digitized pages on the basis of layout similarities and to make textual
searches on the documents without relying on OCR. The system is dis-
cussed in the context of recent applications of document image retrieval
in the �eld of Digital Libraries. We present the di�erent techniq ues in a
single framework in which the emphasis is put on the representation l evel
at which the similarity between the query and the indexed docume nts is
computed. We also report the results of some recent experiments on the
use of layout-based document image retrieval.

1 Introduction

Document Image Retrieval (DIR) aims at identifying relevant documents relying
on image features only. Until today, the largest portion of documents belonging
to libraries is made by printed books and journals. The electronic counterparts
of these physical objects are scanned documents that are traditionally the main
subject of Document Image Analysis and Recognition research, which includes
DIR. In this paper, we �rst review the current research in DIR with special
interest in applications to digital libraries. Through this brief analysis w e show
how DIR techniques can o�er new ways to explore large document collections.
To support this view, we describe in the rest of the paper a document image
retrieval system that has been developed by our research group. The system
integrates tools aimed at performing the word indexing at the image level with
layout-based retrieval components.

The paper is organized as follows. In Section 2 we review the recent work
on Document Image Retrieval. The proposed system is sketched in Section 3,
whereas sections 4 and 5 analyze the word indexing and layout retrieval, respec-
tively. Our �nal remarks are drawn in Section 6.

2 Document Image Retrieval

From a broad point of view, the document retrieval from digital libraries r elies on
three main components: document storage (or indexing), query formulation, and
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Fig. 1. User interaction in retrieval from libraries. Left: the operations p erformed dur-
ing the indexing. Right: user interfaces ( DL : Digital Library, Web : a web interface to
the library catalog, DIR : Document Image Retrieval interface). The part enclosed in
the dashed line is addressed by document image retrieval.

similarity computation with subsequent ranking of the indexed documents. All
the retrieval approaches proposed so far can be described on the basis of these
three components and the main di�erence is the \level" at which the similarity
computation occurs. To explain this point of view, in Figure 1 we summarize
the main steps performed during indexing (either manually or automatically) as
well as some typical user interactions with the retrieval system.

Search in libraries has been performed for a long time by using catalog cards
and manually encoded information such as printed bibliographies or collections
of abstracts (\Manual Browsing" in Fig.1). The direct evolution of this a pproach
was the electronic storage of descriptive meta-data collected with a manual pro-
cess. From the user point of view the interface with this information is made
through \OPAC search".

One key service of current digital libraries is the ability to browse collections
by looking at individual pages, stored in appropriate image databases, withthe
help of customized user interfaces (\Visual Browsing"). One of the most signif-
icant services of these DLs is the use of IR techniques associated with full-text
search. However, the cost of the text encoding bounds the size of collections that
can be accessed in this way. Therefore, the full-text search can be performed only
on few documents. To allow the full-text search from large collections, Optical
Character Recognition (OCR) packages have used in approaches that follow the



recognition-based framework [1, 2]. These methods assume that a recognition en-
gine can extract all the information from the digitized documents and possible
errors will not a�ect too much the retrieval performance. The recognition-based
approach has some limitations when dealing with documents having a high level
of noise, a variable layout, or containing multi-lingual text printed with no n-
standard fonts. The latter problems are peculiar to ancient and early modern
printed documents that populate most libraries.

Several recognition-free approaches have been proposed recently to tackle
these problems. Two factors pushed this research: the increased performance of
modern computers, and a new interest for the processing of historical documents.
In the recognition-free approaches, the similarity between the indexed documents
and the query is computed at the raw data or at the feature level, avoiding the
explicit recognition during the indexing (see the interfaces \DIR" in Fig. 1). This
approach has been exploited for several tasks as outlined in the following.

Word indexing and keyword spotting
Keyword spotting, whose goal is to locate user de�ned words from an informa-
tion 
ow (e.g. audio streams or sequences of digitized pages, such as faxes) [3,
4], is one of the �rst examples of the recognition-free paradigm. In the ear-
lier approaches the similarity computation took place considering the image or
low level features and demonstrated the feasibility of the general idea with low
expectations concerning the scalability towards large datasets. Some recent ap-
plications addressed the processing of larger and heterogeneous collections [5, 6]
or the integration of word image matching at feature level into an existing DL
framework (Greenstone) [7]. The literature on this domain is very large, andwe
invite interested readers to refer to [1, 2, 6].

Graphical items
The retrieval of graphical items allows the user to identify interesting docu-
ments from a new perspective. Retrieval techniques seem to be appropriate since
graphical symbols can have di�erent sizes and are prone to segmentation prob-
lems being frequently connected with other parts of the documents. Examples
of applications are the logo retrieval [8] and the retrieval of architectural sym-
bols [9]. A related problem is the retrieval of graphical drop-caps from historical
documents (e.g. [10]).

Handwriting
The design of systems for the retrieval of handwritten documents working at
the image or feature level is still at the beginning. Interesting approaches have
dealt with single writer manuscripts. For instance, in [11] the manuscripts of
George Washington collection are used as test-bed. Other applications address
the processing of on-line handwritten documents [12] and the signature-based
document retrieval [13].

Layout retrieval
Document image retrieval based on layout similarity o�ers to users a new re-
trieval strategy that was possible before only by manually browsing documents
(either by interacting with physical books/journals or dealing with on-line i m-
ages on DLs). From the user point of view the retrieval by layout similarity is



Fig. 2. The user interface of the AIDI system.

similar Content Based Image Retrieval (CBIR). In most cases, a �xed-sizefea-
ture vector is obtained by computing some features in the regions de�ned by
a grid superimposed to the page [14, 15]. To overcome the problems due to the
choice of a �xed grid size, hierarchical representations of the page layout have
been considered as well [16, 17]. In the system proposed in [18] the document
layout is described by means of relationships between pairs of text lines. A simi-
lar approach has been proposed to retrieve documents with di�erent resolutions,
di�erent formats and multiple languages [19]. At the crossroad between clas-
si�cation and retrieval are some methods devoted to the slide retrieval in the
domain of E-learning [20].

3 The AIDI system

In this section we describe the Automatic Indexing of Document Images (AIDI)
system that has been developed by our research group. The system integrates
a font-independent word indexing and a layout-based document retrieval into a
unique framework.

Figure 2 shows a snapshot of the user interface. On the top-left there are 10
thumbnails that contain either the browsed pages or the retrieval results. The
image on the right is one selected page that can be further enlarged in the zoom
area. The bottom-left part contains the buttons used to perform the queries. In
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Fig. 3. The AIDI system architecture.

the case of textual queries the user enters the query word in the appropriate �eld.
The �gure contains also a window displaying the generated prototype (in this
case it is a word printed with the Gothic font). Layout-based queries are made
with a query by example approach. Therefore, the user selects a page of interest
from the list of thumbnails and performs the query by pressing the appropriate
button.

Figure 3 summarizes the AIDI system architecture. During the indexing, the
pages are �rst processed by a layout analysis tools that extracts homogeneous
regions. Textual regions are subsequently analyzed so as to extract the words,
that are encoded with appropriate character labels. At the same time the layout
is encoded in order to obtain a page-level representation of the documents. The
pages can be retrieved by taking into account both textual and layout queries. In
the �rst case, a query prototype is obtained by rendering the word entered by the



user with the LATEX package (see the small window in Figure 2). The prototype
is encoded similarly to the indexed words that are lastly ranked according to
their similarity with the query. Analogously, a query page can be represented
in the same way of indexed pages that can be ranked according to their layout
similarity.

In the next sections we summarize the main peculiarities of the word indexing
and of the layout retrieval, respectively.

4 Word Indexing

Word indexing, that aims at a fast retrieval of words in a document collection,
can either process the output of OCR engines or directly work on the doc-
ument image (e.g. [21]). With few remarkable exceptions, OCR packages are
customized on contemporary o�ce documents. The di�culties when processing
modern printed documents are of two main categories. First, the fonts evolved
in the centuries: some symbols are no longer used, (e.g. speci�c abbreviations) or
are used in di�erent ways (e.g. up to the 18th C. the \s" character was written
like an \f"). Second, it should be reminded that a signi�cant contribution to the
OCR performance is provided by suitable dictionaries that help disambiguate
potential mistakes. If the dictionaries are not aligned with the text to be read,
then worst recognition results can be expected.

When the use of OCR is not advisable, either due to the low quality of
images or to the presence of non-standard fonts, then image-based word retrieval
is a viable alternative. Two main strategies have been considered: holistic word
representation and character-like coding.

In holistic word representation each word image is encoded by means of
some of its most salient features (e.g. the number of characters or the number
of ascenders/descenders) [22]. Most keyword spotting methods are based on
a holistic representation (e.g. [23]). In methods based on character-like coding,
some objects (that potentially correspond to characters) are extracted from each
word. The word is then represented by concatenating the codes assigned to the
objects so that similar shapes share the same code.

In our research we deal with modern printed documents that frequently con-
tain text printed with legacy fonts. We use a character clustering by means
of Self Organizing Map (SOM) [24] for performing the word indexing with a
character-based approach.

During the indexing each document image is �rst processed with a layout
analysis tool that identi�es the text regions and extracts the words. The words
are then processed to identify their Character Objects (CO) by merging over-
lapping connected components [25]. OneCO is a part of the word image that
generally corresponds to a character (in most cases theCO is made of a single
connected component). TheCOs extracted from a few random pages are used to
compute appropriate collection-speci�c character prototypes with the SOM clus-
tering. Labels assigned to characters are used to represent each indexed word.
One important peculiarity of this approach is the adaptation to di�erent fon ts



Fig. 4. Examples of character prototypes computed with SOM clustering. Left : map
for the Gothic alphabet; Right: map obtained with the Devanagari Indian scr ipt.

and scripts that is achieved with SOM clustering. In Figure 4 we show two exam-
ples of SOMs computed from two collections: a collection of German documents
of the 19th Century printed in Gothic and some Indian documents printed with
the Devanagari font. In both cases we can see a peculiarity of SOM clustering:
more similar clusters are usually put together in the map.

In the retrieval, we take advantage of the cluster proximity. The user enters
a query word by means of a textual interface. This word is then processed with
the LATEX software and one word image prototype is generated (Figure 2). From
this query image a suitable word representation based on character clustering
is computed. The indexed words are then sorted on the basis of their similarity
to the query as detailed in [6]. Basically the distance between words is com-
puted taking into account the distance between clusters corresponding toCOs
so as to reduce the distance between most similar words. In the experimental
results discussed in [6] we compared the precision-recall plots obtained with the
proposed method with those computed by means of an OCR-based retrieval ap-
proach. When dealing with clean documents printed with current technology,
then the OCR-based retrieval had slightly better results. However, the proposed
method was signi�cantly better than the OCR-based when we addressed docu-
ments printed in Gothic font, and Italian and Spanish documents printed in the
18th and 17th Centuries, respectively.

5 Layout retrieval

In this section we analyze the page retrieval computed on the basis of layout
similarity. The layout of a page conveys some semantics that is important for
both scholars and general readers, but it's often neglected by DL's indexing ap-
proaches. For instance, users could be interested on identifying the pages having
a marginalia in the right side, or wish to retrieve a page containing a �gure on
some speci�c position in the leftmost of the two columns in the page. Another



Fig. 5. Example of layout-based page retrieval. The query page is the top-left one.

example is the retrieval of the title page of scienti�c papers that, starting from
a general structure, can have di�erent actual layouts (Figure 5).

The page layout can be represented with a hierarchical description (e.g. the
XY tree [26]) that is appropriate when dealing with documents having a layout
of average complexity such as digitized books and journals. In particular, MXY
trees have been demonstrated to be useful when dealing with documents con-
taining ruling lines and can deal with multi-column pages as well as with pages
where the pictures partially cover some text columns [27]. Leaves of the tree cor-
respond to homogeneous regions in the page. To perform the page retrieval, the
MXY trees are encoded into a �xed-size representation that is subsequently used
to rank the pages. Several approaches can be adopted to compute this vectorial
representation as discussed in the following.

In [27] we proposed the use of thevector modelto describe the page layout.
The basic idea that is behind this encoding is the observation that similar layouts
frequently contain similar sub-trees in the corresponding MXY tree. Each tree
is described by counting the occurrences of tree-patterns composed by three
nodes. Trees composed by three nodes can have two basic structures: the �rst
one is composed by a root and two children, the second one is composed by
a root, a child, and a child of the second node. To use the vector model the
occurrences oftree-patterns are considered instead of word-based index terms.
These occurrences are weighted with thetf-idf approach, and the page similarity
is computed by means of thecosine of the anglebetween the query vector and
the indexed pages. The choice of this similarity measure is quite natural since the
cosineis traditionally adopted together with the tf-idf weighting in text-retrieval.
In analogy with the methods described below we tested also the comparison of
these representations with the Euclidean distance, however the results that we



Fig. 6. Two issue2 pages with the grids used to compute the vectorial representation.

achieved were worst than those obtained with thecosine. In the following we
refer to this approach as method \D".

A second approach (method \B") is based on the use of the vectorial rep-
resentation obtained by computing appropriate features in the regions de�ned
by a grid superimposed to the page [14, 15]. Basically, we superimposea uni-
formly spaced grid over the page (Figure 6) and we compute, for each cell, the
percentage of its area that is covered by text, image and line regions.

The third method (method \C") still starts from the vectorial encoding of
the MXY tree based on the occurrences of tree-patterns. However, instead of
computing the tf-idf weights it uses the occurrences of the patterns as features. In
order to select the most signi�cant patterns, a feature selection step is performed,
computing the information gain provided by each pattern on the basis of a
labeled training set.

The last approach (method \A" below) gives more importance to the leaves
of the MXY tree (regions in the page) and adds four features corresponding to
the percentage of area in the page covered by image and text regions as well by
horizontal and vertical lines.

In the latter three cases we take into account the Euclidean distance between
feature vectors to compute the vector similarity.

5.1 Experimental results

To compare the previous methods we made some experiments with a data set
is composed by 6 books (containing a total of 4029 pages) belonging to an
Encyclopedia of the 19th Century. The pages belong to seven main classes (see
Figure 7 for some examples). In addition, there are some pages belonging to other
classes, with few pages each, that are not used as query pages. In the experiments
we considered one book to perform the feature selection and the others books to
compute the precision-recall plots for the four methods described above. These
methods have been selected among various alternatives since they are the most



Fig. 7. Examples of pages of the seven classes considered in the experiments.

interesting and shown the best results. We use each page (belonging to the seven
main classes) in the 5 remaining books as query page and compute a precision-
recall plot for this query. The plot is computed through an interpolation ([28 ]
page 76) and therefore we have some values of Precision at 0% Recall. All the
plots are then averaged in order to compute the graphs shown in Figure 8.
From the plots it is clear that for this kind of collection, having regular pages,
the methods taking into account the information related to the layout regions
(methods \A" and \B") are the best ones, since these similarities favour pages
having exactly the same layout.

When dealing with other collections, then the generalization capabilities of
the MXY-tree based representations (methods \C" and \D") can be more use-
ful since pages of the same class can have quite di�erent layouts. With these
methods two pages are estimated to be similar if they share some tree-patterns
regardless of their position in the page. An example of this e�ect has been shown
in Figure 5 where a query page corresponding to a \Title" page allows to retrieve
pages having various appearances. Choosing among di�erent retrieval strategies
is somehow subjective and depends on the user expectations from a given search.
We therefore included in the AIDI interface a selector to use either the method
\A" or the method \C".

6 Conclusions

In this paper we described a new approach for the analysis of digital collection
using document image retrieval techniques. The AIDI system, developed by our
research group in the last few years, allows users to retrieve information from
documents that are not recognized by current OCR packages. Moreover, layout-
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based document image retrieval is possible. Future work concerns the evaluation
of the text retrieval approach with non-Latin scripts (e.g. the Indians), and the
integration into existing DL frameworks, such as Greenstone. Another important
improvement is a closer integration of the two retrieval strategies allowing users
to perform queries involving both strategies together.
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