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Abstract. The proceedings of many technical events in different areas of
knowledge witness the history of the development of that area. LiveMemory is
a user friendly tool developed to generate digital libraries of event proceedings.
This paper describes the module designed to perform content recognition in
LiveMemory.
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1 Introduction

LiveMemory is a software platform designed to generate digital libraries from pro-
ceedings of technical events. Until today, only very few prestigious events have pro-
ceedings printed and widely distributed by international publishing houses. Thus,
copies of the proceedings are restricted to those who attended the event. In this case,
past proceedings are difficult to obtain and very often disappear; bringing gaps into
the history of the evolution of events and even research areas. The digital version of
proceedings, which started to appear at the end of the 1990’s, possibly made things
even worse. Only conference attendees were able to obtain copies of the CDs of the
proceedings. LiveMemory was used to generate a digital library released in a DVD
containing the whole history of the 25 years of the proceedings of the Symposium of
the Brazilian Telecommunications Society, the most relevant academic event in the
area in Latin America. The problems faced in the generation of the SBrT digital li-
brary ranged from compensating paper aging effects, filtering back-to-front noise [5],
correcting page orientation and skew during scanning, to image binarization and
compression. LiveMemory merges together proceedings that were scanned and vol-
umes that were already in digital form. The SBrT'2008 digital library was organized
per year of the event.

This paper outlines the functionality of the LiveMemory platform in general and
addresses the way it recognizes the contents of the pages, making possible general
indexing of documents and better access to the information in the library. This
module works by getting information from two different sources. The first one is the
image of the pages of the "Table of Contents" of the volume. The second one is each
paper page image. Besides those pages there are introductory pages such as the
history of the event, the address of the volume editor, etc. There may also be track or
session separation pages, remissive index, etc. Pages are segmented to find the block
areas which correspond to the information and then transcribed via OCR. The

J.-M. Ogier, W. Liu, and J. Lladés (Eds.): GREC 2009, LNCS 6020, pp. 220— 2010.
© Springer-Verlag Berlin Heidelberg 2010



Content Recognition and Indexing in the LiveMemory Platform 221

transcription of the blocks of the Table of Contents and headings of papers are cross
analyzed to generate the entries of the navigation index (hyperlinks) in the digital
library. It is important to remark that the volumes of SBrT varied widely in layout
from one year to another, or even within the same volume, as most of those volumes
were typewritten according to "loose" requirements stated that each year editor at a
time there were no word processors. Even the page numbering systems adopted varied
from one year to another. Some volumes are numbered with Indo-Arabic numerals
throughout, some others use Roman numerals in introductory pages, there are vol-
umes that are split into "sessions" or "tracks" and each paper gets a numbering ac-
cording to its position in there. The title and page number segmentation process was
developed in MatLab© and correctly spotted the required information in almost 100%
of times. In the cross reference system, that information was checked against the tran-
scription of the pages of the Table of Contents and in case of inconsistent information
the priority is given to the index in the calculus of page attributes.

This paper is organized as follows. In the next section one provides a brief over-
view of the features of the LiveMemory platform. Section 3 details the page content
functionality of the platform. The information cross-reference modulo is described in
Section 4. The concluding section details the results obtained for the content detection
module in LiveMemory in the development of the SBrT Digital Library, presents the
conclusions and draws lines for further work.

2 LiveMemory Image Pre-processing Routines

The top-level interface of the LiveMemory platform allows the user to generate the
opening screen of the proceedings to be generated. In that screen, the user provides
the information of the number of volumes to be inserted. The LiveMemory environ-
ment automatically builds the hierarchy of directories for the different volumes. The
user may also provide a wallpaper image to the screen and an opening soundtrack to
be played when the library is accessed. The user must provide information of which
volumes are already in digital form and which volumes are originally in paper. In the
previous version of LiveMemory the only entry to the library is through the top menu
that provides buttons to volumes. To improve that situation a few difficulties need to
be overcome. The volumes that were originally in digital form use several different
technologies. Some volumes are one large pdf file where all pages/articles appear one
after another. Some others are structured/browsable pdf files where each article has an
entry in the index. Some volumes have some search and indexing software that point
at pdf files. Some other volumes are encapsulated Flash or database protected files.
Being able to "unstructured” all the available data to generate a global library index or
re-index by author or keywords them is far from being a trivial task, which is consid-
ered out of the scope of this paper.

This section outlines the image processing functionalities in LiveMemory. All
printed proceedings are scanned in true color with a resolution of 200 dpi and stored
in uncompressed bmp file format. The scanned images are loaded in a directory that
corresponds to the year of the event. LiveMemory is targeted at non-experts in image
processing, thus the image processing part is as automated as possible and asks for no
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parameter input. The set of tools to suitably filter images encompasses the following
routines:

content identification,

image binarization,

noise border removal,

orientation and skew correction,

page size normalization,

salt-and-pepper filtering, and

image compression in Tiff_G4 file format.

Content identification for index generation is explained in the next section. The most
important image processing routines are outlined below. LiveMemory makes use of
some of the functionalities of BigBatch [4] a platform to process monochromatic
documents. Similarly, to BigBatch, the document process interface may work in user
driven or batch modes.

2.1 Image Binarization

Monochromatic images claim much less space than their color equivalent, are much
faster loaded for visualization, need less toner for printing, etc. Most proceedings
were printed in black-and-white. Thus, it is advantageous to have the pages in their
monochromatic version, whenever possible. One phenomenon observed in several of
the proceedings digitized by the authors to the SBrT Digital Library is that several
volumes exhibit a light back-to-front interference [5], also known as bleeding or
showtrough. Fig.1 zooms into a part of a page of a volume of SBrT with such noise.
To minimize such phenomenon, LiveMemory successfully uses an entropy based
binarization algorithm that was designed to remove back-to-front interference in
historical documents [5].
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Fig. 1. Part of a document with light back-to-front noise
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Fig. 3. Monochromatic version of Figure 02
Size: 122kB - Tiff, 351kB-pdf
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Very often, paper pages incorporate graphical elements such as photos, figures, and
graphs that are printed using dithering techniques in such a way that resemble gray
scale images, although printed in black and white. Figure 2 provides an example of
such a page, also with some back-to-front noise. The direct binarization of such pages
does not yield satisfactory graphical results as may be observed in Figure 3. The con-
version of page with photos, figures and graphs into gray scale provides a reasonable
alternative in size, but introduces non-uniform pages into the volume as the majority
of pages are monochromatic for the sake of space and readability. LiveMemory image
processing module automatically sweeps the directory of scanned images from a vol-
ume looking for pages that encompass graphical elements. These pages are found by
using projection profile both in the horizontal and vertical directions. Pages whose
projection presents large contiguous areas indicate the presence of graphical elements.
The projections allow splitting pages into blocks, which are tagged. Similar blocks are
merged together. In such way, LiveMemory decomposes pages into text and graphical
elements. Text areas are binarized. The graphical elements are converted from true
color into gray scale. Figure 5 provides an example of such synthetic image which,
although it brings no gain in space, if compared with gray scale, it is uniform to the
reader as there is no difference in the text areas from the other pages in the volume.
Layout analysis is performed in the different kinds of paper pages to identify the
fields of interest with the aid of an OCR platform.
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Fig. 6. Page with and without black border
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2.2 Black Border Removal

As one may observe in the case of the page shown on the left hand side of
Figure 6, the monochromatic version of the document exhibits a black border on its
left margin. This border is the result of the uneven illumination of the scanning proc-
ess due to volume binding. The same phenomenon appears, for different reasons
whenever the volume of the proceedings is unbound and the loose pages are scanned
using a production line automatically fed monochromatic scanner. The difference
between the two cases aforementioned is that in the former the black border is within
the document area, while in the latter case of automatically fed monochromatic
scanners the noise surrounds the document. The right hand side of Figure 6 presents
the same document of the left hand side with the black noisy border removed.
The algorithm used in LiveMemory for black border removal is described in
reference [1].

3 Paper Preparation

The experience with the digital volumes integrated into the SBrT digital library
showed that, in general, there are standard layouts in the articles in one proceeding
volume and that editors were careful enough to include headings with title and data of
the authors. This information may be used for indexing articles and volumes in a
similar way to the one proposed in reference [6].

A volume of proceedings has a somehow standard format that may be split into
four parts:

e  Volume presentation.

e Table of Contents.

e Papers.

e Remissive Index (optional).

The volume presentation frequently encompasses a title page, a forward (or preface)
by the conference chairperson, the list of people on the program committee and other
optional items. The Table of Contents is a list of authors, paper title, and page num-
bers. In general, roman numerals are used for page numbering the Volume presenta-
tion and the Table of Contents parts. Some conferences that use the Track format
structure their proceedings differently, as:

Volume presentation.

Table of Contents.

Track I (Track presentation+Papers)...Track n (Track presentation+Papers).
Remissive Index (optional).

In this version of LiveMemory, the user provides information of the kind of structur-
ing used in each volume. The papers themelves encompass front or title and content
pages. The front pages of papers include:
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Paper Title.
List of authors and affiliation.
Abstract (or summary).

List of keywords (optional).
Classification indices (optional).

Abstract in a foreign language (optional).

Identifying all these elements allows a complete navigation in the contents of papers.

3.1 Block Image Segmentation and Classification

LiveMemory segmentation algorithm uses projection profile to iteratively split the
page in blocks in a top-down fashion. At first, one takes the projection profile of the
whole page as the example shown in Figure 7, where one finds information blocks.

1 Domingo Lara, Ce
1 Center for

Fig. 7. — Front page block decomposition

Each of those blocks are
then recursively split into
sub-blocks until reaching
blocks that envelope each
line. If 25% of blocks are
aligned vertically then that
alignment point is a col-
umn margin. The analysis
of the height, width and
the position within the
page and in relation to the
other blocks in it allows
one to re-merge similar
blocks and to decide about
their nature. For instance,
in general the block that
contains the title of an
article is on the top-center
of a page, not aligned with
the column margins. A
minimum width parameter
is also used, to distinguish
between a title and a page
numbering. In the case of
the paper proceedings of
SBrT, no page heading had
any other information
besides page number.

Similarly, the blocks on the bottom of a page generally contain information about the
paper and page number. In the case of the paper shown in Figure 7 the block on the
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top of the page contains the paper title, authors' names and affiliations. On the bottom
of the page, one finds two blocks. The central one contains "0-7803-2097-2/94/$4.00
©1994 IEEE" (every four years the SBrT annual event is called the International
Telecommunications Symposium, an IEEE event) and the rightmost one presents
"073", the page number in the proceedings volume. One may also observe that the
page of Figure 7 also has back-to-front interference, which is more pronounced on the
left hand side of the title block.

The segmentation and classification of the information on the Table of Contents is
aided by user provided information on its general layout.

4 Automatic Categorization

Automatic categorization (or classification) of textual information in pre-defined
classes is a research area of rising importance due to the ever growing availability of
documents in digital format, thus a greater need of organizing them. A common ap-
proach to address such problem is based on machine learning: frequently an inductive
process automatically generates a classifier having as starting point a set of pre-
classified documents in each of the categories of interest. The advantages of such
strategy in relation to the knowledge engineering one (which consists in experts in the
subject manually defining a classifier) is due to its performance once it brings a con-
siderable economy of efforts of the experts in the field, besides providing systematic
grounds for extensibility, allowing more easily to address new domains in a much
faster way. The LiveMemory platform follows the machine learning approach for text
categorization, but also makes use of some artifices that yield an efficiency rise of
such a process.

4.1 Document Organization

Indexing documents with a controlled dictionary is an example of the more general
problem of database organization. Often, several other problems relative to docu-
ment filing either for personal organization or in structuring a corporative database
may be solved using text categorization techniques. An example of such may be
found in the interesting paper in reference [9], which addresses the problem of effi-
ciently finding patents of different categories with a high accuracy rate. Another
example is the automatic fulfilment of columns in a newspaper (such as Economics,
Health, International Politics, etc.). LiveMemory attempts to group together the
papers in proceedings according to its concentration area. In the case of a telecom-
munications conference, for instance, one has mobile communications, satellite
communications, computer networks, cryptography, etc. To make searches in a
proceedings database in which the paper subject has been previously annotated is
far more precise and faster. Very often, papers have no keywords and have to be
swept to find them in their abstract or even the paper body, with the aid of a subject
dictionary.
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4.2 Document Organization

Text categorization dates back to 1961 with the work reported in [10] about the prob-
abilistic text classification. Since then it has been used in a large number of different
applications. LiveMemory is a tool that aims to work with proceedings independly of

Fig. 8. Block segmentation of a page

5 The Table of Contents Generator

the language they are written.
In the specific case of the pro-
ceedings of SBrT, there are
papers in English, Portuguese
and Spanish. Thus one has two
different outlooks to cluster the
papers into: one is in the lan-
guage the paper is written in
and another is its subject area.
In the case of the SBrT digital
library, priority is given to the
paper concentration area, using
as guidance the information
within the volume such as ta-
bles of contents, indices, sepa-
ration pages, etc. Even section
ordering and conference sched-
ule that often appears in some
volumes are used to infer in-
formation about the content of
papers, as chairpersons tend to
organize sections with related
papers. All information gath-
ered must be cross-checked
with abstracts and sometimes
introductory and/or concluding
sections. A different research
concern, but somehow related
to the one reported, focuses in
finding document authorship
and detecting plagiarism.

Having ways to fast navigate in digital libraries is mandatory. The blocks of interest
spotted during the segmentation process shown above are transcribed via OCR. This
information is used for indexing articles and volumes. The index generating module
of LiveMemory takes the set the transcription of the Table of Contents pages from a
volume and tries to match a formation rule of a regular expression to find the
"page_number". The Java library for regular expression parsing was used to create the

parser generator.
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Each image that corresponds to a volume page is segmented to find its number and
title blocks, which are transcribed using the Tesseract OCR. This information be-
comes attributes of the image. Figure 9 shows the results of block segmentation from
the Table of Contents and of the paper title page for the article shown in Figure 8. As
one may observe, the information in the two blocks are not the same. Even the title
does not fully coincide as in the paper title there is a spelling mistake, corrected by
the volume editor in the Table of Contents. Now, the system tries to unify the
page_number information with the page attributes. The title pages are the key for the

image and contents matching.
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Fig. 9. Top: (Left) Information from Table of Contents; (Right) Paper Title; Bottom —
Tesseract© transcriptions

The top-left part of Figure 9 presents an image block extracted from the Table of
Contents of a volume. Its automatic transcription performed by the Tesseract OCR is
shown immediately below. The use of regular expressions has enabled to spot the
page number in the volume. That information was used to find the corresponding
image file by offsetting the list_of_filenames. The segmentation process shown in the
last section is able to find the image of the paper_title_block as shown in the top of
right hand side.

Another aiding element is provided by the image filenames: they follow a strict
numerical order. This means that the image filenames follow a pattern such as vol-
ume_year_page_number. For instance, the first image scanned of the 1991 volume is
1991_001, the second one is 1991_002, the third page is 1991_003, etc. Then, the
problem of tying hyperlinks between the table_of_contents and images becomes find-
ing the right offset in the two lists. Unfortunately, in some volumes of the SBrT pro-
ceedings there are missing and repeated pages. This may cause unrecoverable trouble
to any automatic indexing system.
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6 Conclusions and Lines for Further Work

This concluding section provides some evidence of the effectiveness of the index
generation scheme presented herein. A total of 613 pages of 323 papers within several
volumes of the SBrT proceedings with different page, table of contents, heading and
footnote layouts, typesetting and printing technologies, paper color due to aging, etc.
were tested. The title blocks were correctly recognized in 96.9% of the total number
of pages, while page numbers were spotted in 97.1% of cases. The linking of the
"Table of Contents" to page numbers was successful in 98.3 % of the total number of
papers.

LiveMemory is no doubt a valuable and user friendly platform for the generation
of digital libraries of event proceedings. Its use in the case of the SBrT digital library
witnesses its usability.

The automatization of the detection procedure of the layout of the pages of the Ta-
ble of Contents using a classification tool such as Weka [8] is under development.
Other lines for further work include automatic author and keyword searching.
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