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Preface

This volume contains papers selected for presentation at the 6th IAPR Workshop
on Document Analysis Systems (DAS 2004) held during September 8-10, 2004
at the University of Florence, Italy. Several papers represent the state of the art
in a broad range of “traditional” topics such as layout analysis, applications to
graphics recognition, and handwritten documents. Other contributions address
the description of complete working systems, which is one of the strengths of
this workshop. Some papers extend the application domains to other media, like
the processing of Internet documents.

The peculiarity of this 6th workshop was the large number of papers related
to digital libraries and to the processing of historical documents, a taste which
frequently requires the analysis of color documents. A total of 17 papers are
associated with these topics, whereas two years ago (in DAS 2002) only a couple
of papers dealt with these problems.

In our view there are three main reasons for this new wave in the DAS
community. From the scientific point of view, several research fields reached a
thorough knowledge of techniques and problems that can be effectively solved,
and this expertise can now be applied to new domains. Another incentive has
been provided by several research projects funded by the EC and the NSF on
topics related to digital libraries. Last but not least, the organization of focused
events, like the recent DIAL workshop chaired by Henry Baird and Venu Govin-
draju in Palo Alto (CA), had a strong impact on the definition of new research
directions. However, it is indeed a lucky coincidence that this new trend in DAS
research emerged in this edition organized in a town such as Florence, which
keeps such an exceptional artistic and cultural heritage.

We received a total of 79 submissions from 19 countries, and we selected
31 oral presentations and 22 posters highlighted with short oral introductions.
As a supplement to this proceedings, notes from the workshop discussions and
other material related to presented papers will be posted on the DAS 2004 web-
site: http://www.dsi.unifi.it/DAS04. Each paper was reviewed by three review-
ers whom we would like to warmly thank here. We should mention the valuable
support and hints provided by members of the Program Committee and past
DAS chairs. We also wish to acknowledge the generosity of our sponsors: the
International Association for Pattern Recognition, the University of Florence,
the DFKI, ABBYY, Hitachi, and Siemens.

Special thanks are due to Alessio Ceroni, Cristina Dolfi, and Emanuele Marino
for their invaluable contributions to the local organization.

June 2004 Simone Marinai
Andreas Dengel
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Document Analysis Systems for
Digital Libraries: Challenges and Opportunities

Henry S. Baird!, Venugopal Govindaraju?, and Daniel P. Lopresti'

1 CSE Department, Lehigh University, Bethlehem, PA, USA
{baird,lopresti}@cse.lehigh.edu
2 CEDAR, University at Buffalo, SUNY, Buffalo, NY, USA
govind@cedar.buffalo.edu

Abstract. Implications of technical demands made within digital li-
braries (DL’s) for document image analysis systems are discussed. The
state-of-the-art is summarized, including a digest of themes that emerged
during the recent International Workshop on Document Image Analysis
for Libraries. We attempt to specify, in considerable detail, the essential
features of document analysis systems that can assist in: (a) the creation
of DL’s; (b) automatic indexing and retrieval of doc-images within DL’s;
(c) the presentation of doc-images to DL users; (d) navigation within
and among doc-images in DL’s; and (e) effective use of personal and
interactive DL’s.

1 Introduction

Within digital libraries (DL’s), imaged paper documents are growing in number
and importance, but they are too often unable to play many of the useful roles
that symbolically encoded (“born digital”) documents do. Traditional document
image analysis (DIA) systems can relieve some, but not all, of these obstacles.
In particular, the unusually wide variety of document images found in DL’s,
representing many languages, historical periods, and scanning regimes, taken
together pose an almost insuperable problem for present-day DIA systems. How
should DIA systems be redesigned to assist in the solution of a far broader range
of DIA problems than have ever been attempted before?-

Section 2 summarizes the principal points relevant to this question that were
aired at the International Workshop on Document Image Analysis for Libraries
(DIAL2004). The issue of hardcopy books versus digital displays is raised in Sec-
tion 3. Section 4 considers problems associated with document-image capture,
legibility, completeness checking, support for scholarly study, and archival con-
servation. Certain problems arising in early-stage image processing may require
fresh DIA solutions, as described in Section 5. Section 6 points out implications
for DIA systems of the lack of fully automatic, high-accuracy methods for ana-
lyzing doc-image content. Needs for improved methods for presentation, display,
printing, and reflowing of document images are discussed in Section 7. Retrieval,
indexing, and summarization of doc-images is addressed in Section 8. Finally,
Section 9 lists some problems arising in “personal” and interactive digital li-
braries, followed by brief conclusions in Section 10.

S. Marinai and A. Dengel (Eds.): DAS 2004, LNCS 3163, pp. 1-16, 2004.
© Springer-Verlag Berlin Heidelberg 2004
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2 The DIAL2004 Workshop

The First International Workshop on Document Image Analysis for Libraries
(January 23-24, 2004, Palo Alto, CA) brought together fifty-five researchers,
end-users, practitioners, business people, and end-users who were all interested
in new technologies assisting the integration of imaged documents within DL’s
so that, ideally, everything that can be done with “born digital” data can also
be done with scanned hardcopy documents. Academia, industry, and govern-
ment in twelve countries were represented by researchers from the document
image analysis, digital libraries, library science, information retrieval, data min-
ing, and humanities fields. The participants worked together, in panels, debates,
and group discussions, to describe the state of the art and identify urgent open
problems. More broadly, the workshop attempted to stimulate closer cooperation
in the future between the DIA and DL communities.

Twenty-nine regular papers, published in the proceedings [7], established the
framework for discussion, which embraced six broad topics:

— DIA challenges in historical DL collections;
— handwriting recognition for DL’s;

— multilingual DL’s;

— DL systems architectures and costs;

retrieval in DL’s using DIA methods; and
— content extraction from document images for DL’s.

The remainder of this paper summarizes work relating to these topics, with the
current section placing special emphasis on the first three areas.

2.1 DIA Challenges in Historical DL Collections

Image Acquisition. Image capture from historical artifacts needs special han-
dling to counter the defects of document aging and the physical constraints of
digitization. A DIA oriented approach is suggested to effectively increase reso-
lution and digitization speed, as well as to ensure document preservation during
scanning and quality control [6, 35].

Bourgeouis et al. [35] use Signal to Noise Ratio (SNR) and other measures
to demonstrate the loss of resolution/data in image compression formats, and
recommend storage in 256 gray levels or true color. They observe that curators
should be informed about the needs of DL technology and drawbacks of lossy
file formats like JPEG. In addition, non-UV cold lights and automatic page
turners are used to safeguard originals during scanning, and errors are countered
by using skew, lighting and curvature correction for book bindings and color
depth reduction for medieval documents. Character reconstruction is suggested
to restore broken characters in ancient documents.

Continuous scanning is followed by automatic frame cropping as an efficient
and fast procedure to generate images from microfilm [9]. Fourier-Mellin trans-
form is used to correct rotation/shear, scale and translation errors [28]. Morpho-
logical operations, analysis of lightness and saturation in HLS (Hue, Lightness,
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and Saturation) image data, and connected component analysis is used to remove
reconstructed paper areas [5].

Layout Analysis and Meta-data Extraction. Layout analysis and meta-
data extraction is a crucial step in creating an information base for historical
DL’s. Even as researchers are gaining ground on complete recognition of text
content from historical documents (Subsection 2.2), practical systems have been
built using only the layout analysis stage of DIA [9, 26, 35].

Availability of images makes it possible to provide content based image re-
trieval, using even structural features like color and layout. Marinai et al. [39]
create an MXY tree structure during document segmentation and then use lay-
out similarity as a feature to query documents by example.

A historical DL should supplement content with meta-data describing textual
features (e.g., date, author, place) and geometrical information (e.g., paragraph
locations, image zones). Couasnon et al. use an automated Web-based system for
collecting annotations of French archives [18]. The system combines automatic
layout analysis with human-assisted annotation in a Web interface.

Transcription of historical documents maps ASCII text to corresponding
words in the document image. This is intended to circumvent the lack of perfect
Optical Character Recognition (OCR) for ancient writing styles [23, 33, 66].

2.2 Handwriting Recognition for DL’s

Although commercial products are available for typeset text, handwriting recog-
nition has achieved success only in specialized domains. HMM-based character
model recognizers are used in postal address recognition from mail-piece images
[61,57]. This system relies on context information related to addresses.

For transcript creation from historical documents, mapping systems use hand-
writing recognition. OCR engines used in these applications cannot meet real-
time recognition requests. Automatic author classification systems [65] use multi-
stage binarization followed by identification of document writers using character
features. For Hanja scripts, OCR and UI techniques [31] incorporate nonlinear
shape normalization, contour direction features and recognizers based on Maha-
lanobis distance to generate transcripts for Hanja (Korean) documents.

A HMM based recognizer for large lexicons is examined for indexing historical
documents in [23]. The system uses substring sharing, where a prefix tree is built
from the lexicon. Entries that share the same prefix also share its computation
without invoking the recognizer. Duration constraints on character states, choice
pruning, and parallel decoding provide a speedup of 7.7 times.

Zhang et al. [66] combine word model recognition and transcript mapping to
create handwritten databases. Lavrenko et al. [34] suggest a holistic recognition
technique wherein normalized word images are used as inputs to a HMM. Scalar
and profile features are extracted from the images and an entire historical doc-
ument is modeled as a HMM, with words constituting the state sequence. For a
document written by a given author, state transition probabilities are obtained
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by averaging word bi-gram probabilities collected from contemporary texts and
previously transcribed writings of the target author.

2.3 Multilingual DL’s

Despite excellent advances in Latin script DL’s, research in other scripts such
as Indic (Arabic, Bengali, Devanagari, and Telugu), Chinese, Korean, etc. is
only recently receiving attention. Digital access to documents in these scripts is
challenging by way of user interface (UI) design, layout analysis, and OCR.

A multilingual DL system should support simultaneous storage, entry, and
display of data in many scripts. Many non-Latin scripts have a complicated
character set and need a separate encoding system [17]. The display and entry of
these languages requires new fonts [40,47] and character input schemes. Also, to
ensure compatibility and platform independence of data, a DL should not resort
to customized solutions without completely examining existing standards.

In terms of character encoding, the Unicode Consortium aims at providing
a reliable encoding scheme for all scripts in the world [17]. It currently supports
all commercial scripts and is accepted as a system standard by many DL re-
searchers and software manufacturers [11, 32, 36, 40, 60, 63]. Although alternate
schemes have been suggested [43], they do not have the compatibility and global
acceptance of Unicode. On the storage front, XML is emerging as a versatile and
preferred scheme for DL projects [3, 32,53, 63].

Turning to input and display techniques, multi-layered input schemes for
phonetic scripts [52] are suggested for stylus/keypad based entry systems (e.g.,
for PDA’s). Keyboard mapping systems (INSCRIPT for Indic scripts) map the
keys of a standard QWERTY keyboard onto the characters of a target script [43].
This keyboard system is functional, but has a steep learning curve. Moreover,
every keyboard has to be physically labeled before a user can associate the keys
with relevant characters. TrueViz [36] uses a graphical keyboard for Russian
script input. Kompalli et al. [32] use a transliteration scheme, where Devanagari
characters are entered by phonetic equivalent strings in English. For example,

the Devanagari character T is entered using the English equivalent ka. A GUI
keyboard is also provided to enter special characters.

The ability to display multiple languages on a single interface is dependent
on the encoding schema and fonts used in a DL system. Most designers of mul-
tilingual software resort to Unicode-based fonts, and software vendors provide
detailed guidelines for internationalization [24].

2.4 Multilingual Layout Analysis

Variation in the writing order of scripts, and the presence of language-specific
constructs such as shirorekha (Devanagari), modifiers (Arabic and Devanagari),
or non-regular word spacing (Arabic and Chinese) require different approaches to
layout analysis. For instance, gaps may not be used to identify words in Chinese
and Arabic. Techniques for script identification vary from identifying scripts of



