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Abstract

There are huge historical document collections residing in libraries, museums and
archives that are currently being digitised for preservation purposes and to make them
available worldwide through large, on-line digital libraries. The main objective, however,
is not to simply provide access to raw images of digitised documents, but to annotate
them with their real informative content and, in particular, with text transcriptions and,
if convenient, text translations too. iDoc aims at developing advanced techniques and in-
terfaces for the analysis, transcription and translation of images of old archive documents,
following an interactive-predictive approach. Our hypothesis is that this goal cannot be
reliably accomplished by fully automatic techniques; instead, a person-machine collabo-
rative model has to be followed so as to produce accurate document interpretation in a
cost-effective way. In order to show our hypothesis, a software tool is being developed and
periodically evaluated in terms of usability and profitability. Roughly speaking, our basic
goal is to reduce the time needed to manually transcribe/translate a moderately complex
text document by at least 25%.

1 Objectives

As indicated above, the main objective of iDoc is to develop advanced techniques and interfaces
for the analysis, transcription and translation of images of old archive documents, following
an interactive-predictive approach. To achieve this main objective, iDoc has been planned as
a coordinated project with two subprojects: iAnaDoc (“Interactive Analysis of Old Archive
Documents”) and iTransDoc (“Interactive Transcription and Translation of Old Text Docu-
ments”). As suggested by their names, iAnaDoc mainly covers the image analysis part, while
iTransDoc is primarily devoted to the transcription and translation tasks.
As stated in the proposal, the global objectives of iDoc are:

1. To select and prepare adequate historical document collections

2. To define adequate specifications, benchmarking tasks and evaluation methodologies for
the project software

3. To develop appropriate techniques for document image enhancement
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To design advanced algorithms for interactive document image recognition
To develop novel, interactive machine translation for old-modern language pairs
To design advanced, multimodal interfaces to optimise user interaction

To develop and assess two software prototypes: a first prototype with basic features and
a second prototype with all features included

N ot

In order to achieve these objectives, a work plan was designed in which each of them is
tackled in a separate work package (WP). Indeed, the work plan consists of 8 WPs, numbered
from 0 to 7, and WPs 1 to 7 are in one-to-one correspondence with the above list of global
objectives. These WPs and their associated tasks are:
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In this report, we only consider the activities carried out before this year. Note that the
work planned for this year has been indicated as green squares in task timings.

2 Success level reached

The global objectives are being successfully met, according to the forecasted planning. For each
WP (global objective), a Section is included below in which we discuss the results obtained so
far, the difficulties found, and the proposals to cope with them.
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2.1 Coordination (WPO)

Coo-org, Coo-net, Coo-mee and Coo-doc: Organisation, website, e-mail lists,
meetings and documentation. We are using an integrated, web-based project manage-
ment system, SVN repositories, diverse e-mail lists, etc. However, no strict rules are being
applied with respect to document formats, and we simply insist in complying with the ac-
knowledgement normative in the BOE (9-12-2005) on project publications and results. With
respect to coordination, a kick-off meeting was held at the beginning of project activities, as
planned. Then, regular and extraordinary meetings have been hold at different levels, in accor-
dance with the work plan. It is worth noting here that, on June 2008, we jointly organised an
international workshop on project-related topics at Barcelona [6} [[1]. Nevertheless, as stated
in the proposal, the two groups participating in iDoc have complementary expertise in the dif-
ferent scientific areas involved in the project, and thus no special care is needed to coordinate
project activities in most tasks. Moreover, a post-doc student from iAnaDoc joined iTransDoc
on September 2008, which facilitates integration of iAnaDoc results in the project prototypes.

Coo-kno: Management of knowledge and results. [TI: As expected, we have signed an
agreement with our Promoter-Observer Entity, BiValDi, for their support in WP1. Moreover,
as BiValDi did not have appropriate data for WP5, we tried different options to get such data
and, finally, we have recently signed an agreement with the Institut Cambé to make use of
its well-known Bernat Metge collection (see WP5). CVC: We have also signed a collabora-
tion agreement with ESAGD, which has provide the BORDER-FILES and SANT-ESPERIT
datasets. In addition, we have signed a contract with Xerox Research Centre (Grenoble) per-
mitting joint collaborations in task Rec-hts in WP4.

2.2 Corpora preparation and prototype testing (WP1)

Cor-sel: Selection of historical document collections. Two main historical document
collections have been selected for their use in the project: GERMANA, from BiValDi, and
BORDER-FILES and SANT-ESPERIT, from ESAGD. GERMANA is a 764-page Spanish
manuscript entitled “Noticias y documentos relativos a Doria Germana de Foizx, ultima Reina
de Aragon” and written in 1891 by V. Salvador. BORDER-FILES is composed of 93 linear
meters of handwritten and printed documents from 1940 to 1976, about people in the Spanish-
French border. There are many other document collections used in different project tasks, such
as SANT-ESPERIT: a batch of musical scripts composed of 963 handwritten opus, from which
291 are from anonymous composers.

Cor-dig, Cor-exp, Cor-tra, Cor-man and Cor-tes: Digitisation, expert analysis,
manual annotation and prototype testing. [71: GERMANA was carefully scanned by
experts from BiValDi at 300dpi in true colours. Following BiValDi recommendations, a palacog-
raphy expert was contracted part time on February 2007 so as to work on these tasks. As a
result, GERMANA has been analysed and manually annotated in terms of (text) blocks, lines
and transcriptions [B6]. Also, a first project prototype has been developed following the rec-
ommendations made by the expert after intensive testing [(1]. CVC: BORDER-FILES was
already digitised at the beginning of the project. It was partially annotated using an interac-
tive tool in tasks Rec-p2l and Rec-ord of WP4. Furthermore, SANT-ESPERIT was digitised
during 2007 and 2008.
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2.3 Specifications and benchmarking (WP2)

We decided not to put a lot of effort in specifying file formats and project modules for basic
operations, machine translation, advanced interaction, and project prototypes. Regarding
project prototypes, we decided not to build them from scratch, but on top of GIMP (GNU
Image Manipulation Program), since GIMP gives us for free many desired prototype features.
In particular, GIMP is Free Software (GPL), multi-platform, multilingual, and provides: a
high-end user interface for image manipulation; a large collection of image conversion drivers
and low-level processing routines; an scripting language to automate repetitive tasks; an API
for installation of user-defined plug-ins; etc. On the other hand, thanks to experience of our
groups on the project topics, we already have many lab prototypes (modules) for specific
tasks, both under construction and finished, and thus we decided to work of them within
the project framework. An example of this is the interactive machine translation prototype
that was developed by our group in the framework of TT2, the European project on machine
translation that inspired iDoc.

2.4 Document Image Processing for Enhacement (WP3)

We are mostly using conventional document image processing techniques to facilitate the analy-
sis and recognition tasks in other WPs. However, some novel techniques have been investigated.
In particular, the correction of gradient backgrounds, which is especially useful in the case of
historical documents with graphical or artistic elements [99, [I00].

2.5 Document Image Recognition (WP4)

Rec-dla: Document layout analysis (segmentation) GERMANA is not a particularly
difficult task for document layout analysis since most pages only contain nearly calligraphed
text written on ruled sheets of well-separated lines. On the contrary, BORDER-FILES is a
much more difficult task because of the rich structural diversity of the documents in it. We have
been working on original approaches for segmenting the different object categories present in a
document: text/graphics separation [122, [[T9, [[20} [TT8, [[T6], touching character segmentation,
and text segmentation in colour document images.

Rec-p2l and Rec-ord: Physical-to-logical structure mapping, reading order and
crosslinking. Our work has focused on three main tasks. First of all, we have developed an
interactive tool, based on sketching interfaces, to help in creating and editing the ground-truth
regarding the zones and the category of the documents [I05]. We have used this tool to partially
annotate BORDER-FILES at word-level (see WP6). Secondly, another line of research is trying
to combine several of these methods in order to improve their individual performance. To that
extent, some alternatives to combine the output of commercial segmentation engines have been
proposed and evaluated with promising results [92]. Finally, we have developed a new method
for pre-segmentation of document pages that can be used as a pre-processing step in any of
the existing methods for layout analysis. This method is currently under evaluation.

Rec-str: Structure classification and matching. We have developed a graph-based rep-
resentation of the layout that can be serialised into a vector representation. It has been applied
to the classification of BORDER-FILES pages. Also, some of our recent work on graph theory
88, 87, B9, O, B0, [[31] allow us to improve the classification and clustering of graph-based
representations and could be used in conjunction with this new graph-based representation.

Rec-grr: Graphics recognition. We have intensively worked on this topic and, indeed, we
have achieved some international visibility [[3], [[5]. More specifically, we have been working
on three research lines:
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1. Shape description and evaluation. Shape features play an important role in graphics
recognition. We have proposed a framework to review and evaluate the general per-
formance of several shape descriptors [I07, [T29]. It has been applied to the case of
symbol recognition in the third international contest on symbol recognition, which was
organised by our group [I5, [[30]. Also, we have developed descriptors for musical score
recognition [R5 86l 03], 04] 06, 95] and we have proposed different ways of combining mul-
tiresolution descriptors at different scales, to obtain a single shape representation [I7].

2. Symbol spotting. We have proposed different methods to retrieve, from a large database
of technical line-drawings, zones of interest likely to contain an instance of the graphical
symbol queried by the user [123] [[26], [[25] [[28]. We have also proposed a method to
automatically locate and recognise graphic symbols in low-resolution images [124] [[27].
Another work related to the problem of query by shape is described in [83], where a
fast image retrieval system is proposed by using a Run Length Encoding-based image
comparison algorithm.

3. Performance evaluation. A new approach has been proposed for the generation of syn-
thetic graphics documents containing non-isolated symbols in a real context [82]. This
approach enables us to automatically generate large, groundtruthed image database for
evaluation purposes. Also, an overview on performance evaluation has been presented
in [84], as a result of the work undertaken by a working group on this subject. We are now
working on signature methods of regions of interest, and the adaptation of information
retrieval evaluation measures to graphics recognition.

Rec-ocr: Optical Character Recognition. On the one hand, as planned, we have studied
classifier combination schemes, and a new approach has been proposed that, under certain
conditions, gives optimal classifier combination [I06]. We are now evaluating standard OCRs
to select those with the best individual performance, and then apply our new approach to them.
On the other hand, we have developed OCRs specifically adapted to complex layouts [I17].

Rec-htp: Handwritten text preprocessing and recognition. As indicated in the pro-
posal, we have studied and improved a number of techniques for handwritten text preprocessing
and feature extraction []. Most of them have been included in the first project prototype (see
WP7T). On the other hand, in accordance with the work plan, we have been studying possible
improvements to both, HMM and language modelling. Regarding HMM modelling, we have
proposed new, Bernoulli mixture-based emission probability functions in which the usual ge-
ometric transformations of text can be explicitly modelled [B8, B3]. With respect to language
modelling, we have studied the combination of n-grams and stochastic incontextual grammars
in [75, 60]. Moreover, we are currently developing new approaches for writer identification in
SANT-ESPERIT [98] (see WP1).

Rec-hts: Search engines for handwritten text recognition. As planned, we have inves-
tigating fast search procedures so as to achieve (nearly) real-time handwritten text decoding.
We started from a Viterbi-based search method for text image and transcription alignment [61].
Then, it was replaced by a more efficient method based on word graphs, which works in real-
time [62, [[6]. Also as indicated in the proposal, we have been working on the estimation of
confidence measures. First, our conventional word graph-based method has been integrated in
the first project prototype (see WP7). Second, we have explored other possibilities for confi-
dence estimation such as support vector machines and maximum entropy models [29]. Finally,
we have carried out some work on handwritten word spotting, that is, the task of detecting key-
words in handwritten document collections without the explicit use of handwriting recognition
techniques. In this task, we have obtained improved results at both, feature and statistical

modelling level [T02, TUT, 09, 08, T4 15, I13].
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2.6 Interactive Machine Translation (WP5)

Imt-cor: Corpus preprocessing. One of the major challenges in this WP is the compila-
tion of a large bilingual parallel corpus having Latin as a source language. As said in Coo-kno
(WP0), BiValDi did not have an appropriate corpus for this WP, and thus we tried to find
it by other means. We first searched on the Internet, where the best option found was two
biblical electronic documents, Novavulgata and bibMaryland, which were preprocessed and
aligned at sentence level. However, after a detailed analysis of their characteristics, we realized
that they were also not suitable for this WP. We then contacted with the Institut Cambdé so
as to have access to their large Bernat Metge collection, which includes more than 300 books
in Latin together with high-quality translations into Catalan. After signing an agreement with
the Institut Cambd, we have recently started to work on some books and results are expected
soon. Apart from using the Bernat Metge collection, which surely meet our large data require-
ments, we have also developed a web crawler to automatically gather bilingual documents from
Wikipedia, as well as Latin-Spanish parallel corpora from the Internet [74]. It must be noted
that the lack of a large corpus involving Latin has not had negative effects on the other tasks
in this WP. They are being carried out normally, using large corpus not involving Latin, but
we are almost sure that the results can be extended to Latin in the next months.

Imt-mod: Training and evaluation of translation models The work developed exceeds
our initial plan. It can be divided into the following three subtasks:

1. Phrase-based models. On the one hand, we have been working on the development and
estimation of statistical generative models with promising results [23]. On the other
hand, statistical heuristic models were also investigated using the formalism of stochastic
inversion transduction grammars (SITG). Both models, as well as many other phrase-
based models, do no scale well with large corpora, and hence solutions are needed to
cope with the computational bottleneck. We have been working on this issue first, by
developing a general framework in which different scaling techniques are combined [53],
and second, by using advanced preprocessing techniques of phrase tables [63].

2. Translation using phrase-based systems. The usual practice of using log-linear combina-
tions of translation models has been analysed theoretically, and it has been shown that
these log-linear combinations can be seen as the application of different loss functions [T].
Also, we have explored how to optimise the parameters of a combination, and a new
method based on support vector machines has been proposed which outperforms in some
cases state-of-the-art techniques [E{]. Another important issue about translation using
phrase-based models is the limited matching capability of source-to-source and source-to-
target phrases, which we have studied and improved in [73] and [54], respectively. Apart
from the above, we have also studied how to include morpho-syntactic information [70],
the application of STIG to obtain phrase segments [6Y, [68], the use of phrase-based mod-
els as POS taggers [31], the adaptation of Adaboost to machine translation [45], and the
enriching of phrase-based models with trigger models [41].

3. Translation using other models. An indirect way of bettering the quality of phrase-based
models is to improve word alignments, which we investigated in [27 and [39]. On the
other hand, we did some progress in our long-standing research line on stochastic finite-
state transducers for machine translation [4 20, 34]. The latest developments in this line
include: the implementation of efficient training and search procedures, the integration
of linguistic information, and the incorporation of statistical phrases [36], B7, B5].
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Imt-sch and Imt-eva: Search engines and evaluation in interactive translation.
Most of the work discussed in the preceding task also applies to this task. On the other hand,
as planned, we have studied the use of word-level confidence measures in interactive machine
translation [63]. Also, we have extended the use of these measures to stochastic parsing [24], for
which we recently proposed optimised techniques [25] B2]. Finally, in [66], more sophisticated
human-computer interaction schemes have been proposed to enhance the ergonomic conditions
and increase user productivity.

2.7 User Interaction (WPG6)

Usi-spe: Speech recognition-based interaction. An improved version of our speech
recogniser, iIATROS, has been developed and adapted to both speech, and off/on-line hand-
written text recognition [B]. In accordance with the proposal, we have considered the use
of speech in interactive applications [A6l, @7, including computer-assisted speech transcrip-
tion [57]. Also, this work entailed some research on related tasks such as dialog processing of
spoken dialogs [, BTl B2, [2] and language and speaker adaptation [E3, @9, B8]. Moreover, in
connection with WP5, we have studied new models for speech confidence estimation [B(0], as
well as the more general problem of speech-to-speech translation [T9, 211, (5]

Usi-oht: On-line handwritten text recognition. As planned, an on-line handwritten
text recognition engine was developed and tested as an additional input modality to improve
the interactive performance. The engine itself ranked third in the an international competition
on Online Tamil Handwritten Character Recognition Competition [78]. To test it as an addi-
tional input modality, we bought a Wacom Cintiq touchscreen and a web-based demonstration
prototype was built on top of it for computer-assisted handwritten text transcription [R9, [77].
As expected, this modality results in a friendly, highly productive user interface, and thus it
will be integrated in the second project prototype. All the work done in this task was carried
out in close coordination with that in task Rec-hts (WP4).

Usi-ske: Sketching. Several web and sketch-based interfaces have been developed: to cre-
ate, edit and link document information [T03) [T04]; to extract layout information (see WP4);
and to retrieval by sketch. Some of them have been applied to the BORDER-FILES dataset
as well as in on-line correction systems [109, 11l [[T2]. Also, similar sketch-based retrieval
techniques have been applied to object and image retrieval [80] BT]

2.8 Software Integration (WPT)

As discussed in WP2, we decided not to build project prototypes from scratch, but on top of
GIMP (GNU Image Manipulation Program). Although the development of the first prototype
was planned from the very beginning of the iDoc, it was not until October 2007 that we started,
after hiring three computer scientists. We have just released the first project prototype [B6]. It
has been implemented as a set of GIMP plug-ins and includes many of the know-how and tools
obtained in WP4. Also, it has been successfully used by our palaeography expert to complete
the annotation of GERMANA [71]. We are currently working on the second prototype, which
is being developed from the first, by integration of multimodal interaction modules developed
independently in WP6.
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3 Results indicators
3.1 First subproject: iTransDoc (TIN2006-15694-C02-01)

Goal achievement iTransDoc-specific, as stated in the proposal, are being successfully met
up to a great extent, say, 70%. Basically, there are only two tasks delayed: corpus preprocessing
for interactive machine translation, and the second prototype. On the one hand, as discussed in
section [Zf] we have recently started to work on some books from the Bernat Metge collection
and results are expected soon. On the other hand, as indicated in section Z8 we are currently
working on the second prototype, which is being developed from the first, by integration of
multimodal interaction modules.. All in all, we think that project activities will finish in time
and we will completely achieve project objectives.

Scientific production and relevance of results. iTransDoc has produced 1 book, 7 jour-
nal articles and 2 PhD thesis during 2007 and 2008 (see References). Note that articles have
been published in relevant international journals such as Machine Learning, IEEE Signal Proc.
Magazine, Pattern Recognition Letters and Speech Communication. On the other hand, iTrans-
Doc scientific production also includes 61 papers in well-known international conferences such
as ICDAR, ICIAR, ICASSP, EMNLP, RANLP, EAMT, LREC and IbPRIA (see References).

Utility of results and their role in economic and social development. iTransDoc
results are directly applicable to the main research areas of our group and their associated
technology transfer projects. Our most important active project of this kind is i3media (2007-
2010): a “tractor” technology project within the Spanish Programa CENIT-Ingenio 2010, run
through a consortium of 12 main enterprises of the media sector, which also involve 19 re-
search groups, including ours. i3media focuses on the creation and automated management
of intelligent audiovisual content, so as to facilitate both, content personalisation and interac-
tion with users (see [i3media.barcelonamedia.org). Our participation in i3media is centred
on interactive-predictive machine translation, to transfer and adapt our experience on this
technology to i3media-specific needs.

Human Resource Development. iTransDoc has grown from 16 members in the original
research team, to 31 members (as of the end of 2008). From them, 13 are PhD: 10 PhDs
from the original team; 2 students from the original team that have finished their PhD thesis
within iTransDoc; and a post-doc student from the CVC group (iAnaDoc) who has joined us
on September 2008 under a three-year contract supported by the Spanish Juan de la Cierva
program. The other 18 members are mainly PhD students supervised by PhD iTransDoc
researchers: 10 are fellowships supported by grants from the Spanish government (6), the
Valencian Generalitat (2) and our university (2); 2 are university professors; and 6 are research
assistants hired for both iTransDoc (3) and other projects (3). It must be noted that iTransDoc
has hired 8 research assistants in total: 4 on February 2007 and 4 on October 2007. From the
first 4, 3 left contracts early since they became fellowships of the Spanish government (2) and
our university (1), under the framework of iTransDoc. The other assistant from the first 4 is a
palaeography expert who still works (part-time) for the project. Regarding the second 4, 3 are
young computer scientists who have been following the TARFID Master Program while working
for iTransDoc, mainly on the development of project prototypes. One of them, however, left his
contract on September 2008 after becoming fellowship of the Spanish government, also under
the iTransDoc framework. The remaining assistant from the second 4 also left his contract on
September 2008, but he still works for iTransDoc, now as professor of our university.

Collaborations with other European or international groups. Our group maintains
active collaborations with many national and international research groups, mainly under the
framework of integrated actions (with Portugal and Germany), research networks and projects.
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Our most important active Spanish project is MIPRCV (2007 - 2012): a research program
funded by the Spanish Programa Consolider-Ingenio 2010, which, under the coordination
of our group, involves more than 80 highly qualified scientists and engineers from seven re-
search groups and ten different public research institutions (see miprcv.iti.es). Generally
speaking, its main goal is to show how existing Pattern Recognition and Computer Vision
technologies can naturally evolve to help developing advanced multi-modal interactive sys-
tems. On the other hand, our group belongs to the thematic networks on Speech Technologies
(see lwww.rthabla.es) and Audio-Visual Signal Processing in Advanced Multimodal Interfaces
(see [cyberpc.ugr.es/RT) where, indeed, the first project prototype was publicly presented in
its last meeting on December 2008. Regarding international collaborations, our most recent
project is TT2 (2002 - 2005): an FP5 European project in which our group participated to-
gether with other 6 partners from the European Union and Canada. TT2 influenced very much
the way in which we approach research tasks and inspired iDoc as well as MIPRCV. It also
inspired other proposals of European projects, including a new proposal for the FP7 ICT Call
4 on Language-based interaction, in which we have great expectations. On the other hand,
we have just been accepted as a member of the PASCAL2 network, a well-known Network of
Excellence funded by the European Union (see www.pascal-network.org).

Project coordination, development and management. Please see section 21

3.2 Second subproject: iAnaDoc (TIN2006-15694-C02-02)

Goal achievement The main goals proposed for iAnaDoc were the investigation and de-
velopment of approaches for document contents extraction, mainly focusing on non-textual
contents, namely structure and shape. Additionally iAnaDoc proposed to study the inclusion
of the user in the annotation of documents using sketching interfaces. In general, the objectives
in the above lines have been achieved in a 60% (considering the first two years of the project).
To complete the objectives, in the third year the results that have been obtained should be
published in relevant journals. In addition, 5 thesis will be presented during 2009.

Scientific production and relevance of results. iAnaDoc has produced 5 publications
in terms of books, book chapters and journal articles, as well as 2 PhD thesis (see References).
Note that this includes two articles into the highly relevant Int. J. on Document Analysis and
Recognition, and an article in the well-known IEEE Trans. on PAMI journal. Also, iAnaDoc
has published the results obtained so far in 52 papers of relevant international conferences such
as ICPR, ICDAR, DAS, ICFHR and IbPRIA (see References). As described above, currently
7 papers has been submitted to indexed journals (in 1st and 2nd review), and 5 papers are in
preparation to be submitted in the near future to relevant journals.

Utility of results and their role in economic and social development. Some of the
results have been evaluated and transferred to Promoter-Observer Entities (EPOs). In par-
ticular, a prototype for annotation and information extraction has been developed for the
BORDER-FILES collection. A second EPO proposed initially was Icar Vision System. Here,
the collaboration in the project has been extended to other projects and contracts, not directly
in the field of historical document analysis, but with close topics such as handwriting analysis
for signature verification and logo recognition in administrative documents.

Human Resource Development. During the first two years, two students belonging to
the research team have finished their PhD thesis [T2]. Also, 5 students will finish in 2009.

Collaborations with other European or international groups. Collaborations in the
topics of iAnaDoc have been carried out with: INRIA Nancy (France), Universite de La
Rochelle (France), University of Bern (Switzerland), and Xerox Research Centre (France).

Project coordination, development and management. Please see section EZZT1
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