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Abstract

This paper describes the creation of linguis-
tically enriched aligned corpora for Catalan,
Spanish and US-English for Speech-to-Speech
Translation. These corpora are obtained from
two different sources: US-English transcribed
speech data and transcriptions of conversations
recorded in Catalan and Spanish. After hu-
man translation, a large trilingual spontaneous
speech corpus has been obtained. This corpus
is being linguistically enriched in order to gen-
erate a valuable resource capable of helping to
improve statistical machine translation.

1 Introduction

The past decade has experienced a boost in the
creation and sharing of language resources (LR).
A considerable effort has been invested in the de-
sign and construction of these resources, which
are so necessary for the different areas involved
in language technology. The International Con-
ferences on Language Resources and Evaluation'
shown the evolution of this area.

Regarding the type of LR necessary for speech
centred translation, we can distinguish between
corpora and lexica. As in textual data processing,
both resource types can be mono- bi- or multilin-
gual. However, when it comes to speech-to-speech
translation (SST), it is the bi- or multi-lingual
collections of on-line data that are highly seeked
for. Furthermore, multilingual parallel corpora
are also very valuable resources for many other
researches besides SST, such as foreign language
resource acquisition (Yarowsky & Ngai 01), mul-
tilingual resource acquisition (Lopez et al. 02) or
sense discrimination (Ide et al. 02).

In relation to the design and construction ap-
proaches to be followed in LR for SST, these differ
from those adopted when generating on-line col-
lections of textual data for general NLP purposes.
The translation of spontaneous speech causes ad-
ditional problems mainly related to speech recog-
nition problems and phenomena in the speech in-
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put for translation. Phenomena such as uncon-
ventional syntax, lexical variations and other dis-
fluencies (Alvarez et al. 01) must be handled.

In order to tackle these problems, a translation
system should be built robust enough to adjust
to the incoming input. A number of approaches
have been followed in SST, which can be generally
classified into corpus-based methods ((Alshawi et
al. 98), (Ney et al. 01)) and rule-based linguistic
methods ((Levin et al. 00), (Lavie et al. 01)). It
is mainly for the former approach that the current
work is aiming for, i.e. helping to improve statis-
tical SST. Work on SST can also be found in the
results of large research projects such as C-star?,
Nespole!®, Verbmobil*, and Eutrans °.

This document focuses on the work carried out
within the frame of the LC-STAR project® (Lex-
ica and Corpora for Speech to Speech Translation
Components). It describes the design and con-
struction of a trilingual spontaneous speech cor-
pus. At present, a subset of this corpus has been
enriched with morphological information. Some
initial tests using this corpus have already been
done by some other project partners, which have
confirmed its usefulness to statistical SST.

The paper is organised as follows: section 2 de-
scribes the use and expansion processes carried
out on some existing speech data towards the con-
struction of subset-1 of our corpus. Section 3 ex-
plains the design and construction of subset-2 of
the corpus. Section 4 proceeds onto the morpho-
logical annotation performed on subset-1. Section
5 draws some conclusions and provides sugges-
tions for further work.

2 LRs Used and Expanded

Subset-1 of our trilingual corpus has been cre-
ated based on some already available data. Before

2http://www.c-star.org
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http:/ /www.zeres.de/Eutrans/eutrans.html
5(I1ST-2001-32216): http://www.lc-star.com



taking any decisions on which existing resources
to use for our purposes, those available from LR
repositories such as ELRA” and LDC® were con-
sidered. It was decided to use part of the record-
ings from the Verbmobil project.

2.1 Verbmobil

Verbmobil was a long-term project of the German
Federal Ministry of Education, Science, Research
and Technology (BMBF, Projektrager DLR). One
of its outputs was a valuable set of spontaneous
speech databases, which are available via ELRA.

Our aim is the creation of speech-to-speech cen-
tred and linguistically enriched trilingual LR for
Catalan, Spanish and US-English, which did not
exist up to date in those mentioned repositories.

It was decided to take the Verbmobil cor-
pus as starting point, given that it was based
on recorded conversations for a semantically re-
stricted domain. This has allowed us to focus on
the appointment scheduling domain. At a later
stage, further LR have been created from scratch
(subset-2) focusing on some particular tourism-
related subdomains.

2.2 Selected Material for Subset-1

Out of all the databases available from Verbmobil,
we selected 9 of them that contained recordings
only in US-English. The aim was to start from the
US-English recordings and generate their counter-
parts in Catalan and Spanish by means of human
translation. A total amount of 287,655 tokens has
been collected, being 3,333 of them different.

2.3 Cleaning and Preservation Criteria

The Verbmobil® databases are annotated with a
number of tags that mark different kinds of infor-
mation about every utterance. These labels deal
with speech phenomena at two different levels. At
the word level these tags denote information re-
lated to the kind of token (i.e. punctuation, for-
eign word, interjection, proper noun, neologism,
number, letter spelling, acronym) and to the to-
ken production inside the utterance (i.e. length-
ening, unidentifiable or hard to identify word).
At the utterance level these marks denote infor-
mation regarding the utterance production as a
whole (i.e. aborted articulations, articulatory and

"http:/ /www.elra.info

8http://www.ldc.upenn.edu

http://www.is.cs.cmu.edu/trl_conventions/projects/
verbmobil.html

technical interruptions, breathings, empty pauses,
false starts, filled pauses, human noises, repeti-
tions, corrections, noises, turn breaks).

Some of these tags were preserved because they
were later to be needed during the translation
task, in the sense that they could carry either
some meaning or discourse information. This
was the case for punctuation marks, filled pauses,
foreign words, interjections, proper nouns, let-
ter spelling, abbreviations, neologisms, technical
interruptions, turn breaks, and unidentifiable or
hard to identify words.

2.4 Translation of Subset-1

As already mentioned, Verbmobil’s US-English
dialogues in subset-1 focus on appointment
scheduling and travel planning. One such dia-
logue looks as follows:

e00lach2_000_ANV_230000:
hi "Mary™, how are you.
e00lachl_001_SMA_230000:
oh I am doing fine Mister “Vandaloo”,
how are you.
e001lach2_002_ANV_230000:
pretty good, <uhm> I guess we need
to figure out a day, today is the
first of November, so within the next
two months when we can make it to,
“Hanover™?7

e001lach1_003_SMA_230000:
that sounds like a good idea, let us
see, I have, <uhm> the, nineteenth
twentieth and twenty first I am
available to travel.

Turn headers within the dialogues also contain
useful information like dialogue identifier, turn
number and speaker. Language markers have been
added to each turn header so as to tag the turns
for the three different languages. This simplifies
any further search on the corpus.

Given the nature of the project, the transla-
tion task is perhaps the most critical issue since
human translators are clearly the source of knowl-
edge our system intends to acquire. Thus, a suit-
able translation methodology was designed to as-
sist translators during the process of translation of
both subset-1 and subset-2. Translators received
an instruction manual. Bearing in mind that we
want to train statistical SST systems, the main
rule was:

‘‘The target sentence should be as literal as
possible in the sense of word-to-word translation
and word order as long as it is a proper sentence
in the target language.’’

As a result of the translation process performed
on subset-1, we have obtained a Spanish corpus



Spanish Catalan
speech time | 31h:7m:32s | 23h:43m:55s
#speakers | T7 56
#dialogues | 217 172
#turns 10,998 9,321
#sentences | 24,372 19,113
#tokens 349,970 277,777
#distinct 11,714 10,057

Table 1: Oral Database

of 281,848 tokens (resulting in a vocabulary size
of 5,149), and a Catalan corpus of 277,955 tokens
(with a vocabulary size of 5,145).

An extra feature of this translation, and that of
subset-2, is that the resulting resource is a trilin-
gual corpus already aligned at sentence level. As
mentioned in the introduction, this is highly valu-
able for statistical machine translation and other
language technologies.

3 Speech Corpora Recorded

Subset-2 of our corpus has been created from
scratch. Data come from the transcription of
Catalan and Spanish spoken dialogues that fo-
cus on the tourist domain. Due to size re-
strictions, a subset of this domain was chosen:
tourist-employee conversations. Further, four
scenario categories were defined, namely Hotel,
Travel Agency, Tourist Information Office and
Railway/Airline Company. It was also an aim to
collect data that would allow us to generate an
appropriate language model of the given domain.
Some figures for both languages can be seen in
Table 1. All dialogues have been manually tran-
scribed, spell-checked, and then translated.

3.1 Recording Procedure

Given the restrictions to record real telephone
conversations (such as legal issues and lack of con-
trol over excessive non-domain input), but aiming
to avoid non-verbal communication, we decided to
record artificial telephone dialogues. This proce-
dure is common in speech research projects.

A recording platform was set up. In the begin-
ning it was designed to be used in two different
modes, with overlapping and without. The sec-
ond mode matches best the translation system,
where a machine is between the speakers. In this
rigid turn strategy speakers are not allowed to
speak simultaneously. The first turn is given to

the speaker receiving the phone call. The speaker
then indicates a turn exchange by pressing a key.

Volunteers were recruited in pairs, and placed
in different rooms. Phone calls would last ten

minutes in average.

3.2 Pursued Information

The four scenarios mentioned in section 3 were
further restricted by defining scenario situations
in more detail:

- Hotel (Booking, Services, Leisure Activities)

- Travel Agency (Ticket and Hotel Reservation,
Travel Planning, Reservation Changes, Cancella-
tion, Modification)

- Tourist Information Office (about the City,
Transportation, Accommodation, Gastronomy,
Places to visit, Leisure, Shopping, Night Life)

- Railway/Airline Company (Ticket Reserva-
tion, Information, Services)

For the conversations to yield the pursued infor-
mation some specific situations were designed. A
series of templates containing descriptions, lists,
tables and figures were built so as to assist speak-
ers at conversation time. They were used as a
draft or schema containing a description of the
information to talk about in every subscenario.
This material was based on actual existing ma-
terial (from hotels, travel agencies, the Internet,
etcetera) and modified during recordings, mainly
due to the suggestions of speakers. Below follows
a simplified example of one such template:

Hotel Reservation. ‘Speaker 0’ acts as a tourist
booking accommodation at a given hotel for a cer-
tain date, a given number of people, under certain
specific conditions. ‘Speaker 1’is acting as a hotel
employee providing the required information.

3.3 Comments

A variety of problems arise when creating speech
corpora in artificial situations and using recruited
speakers. On one hand, domain and vocabulary
should be controlled, and on the other, situations
should be as realistic and natural as possible.
Moreover, speakers need to be motivated and
not get nervous. Encouraging them to talk about
either something they had experienced or some-
thing they were going soon to have to deal with,
turned out to produce more realistic dialogues.
Likewise dialogue recording, manual transcrip-
tions and translations are highly time-consuming
tasks. A considerable number of people were in-
volved in these tasks. In this situation, it is very



important to revise the generated transcriptions
and translations. That involves not only spell
checking but to guarantee tag, token, sentence,
turn and dialogue consistency among the three
languages for the whole corpus.

Along the process, it became clearer that the
more restricted the domain the better the system
would perform, the smaller the coverage would
be though. Therefore, a subset of scenarios were
selected to focus on, although never completely
forgetting about the rest. Those scenarios were
accommodation booking, ticket reservation, travel
planning, and asking for information.

3.4 Transcription

During manual transcription, the information en-
coded was exactly the same than the one pre-
served for subset-1. It was agreed to use the Ex-
tensible Markup Language (XML). All relevant
XML tags have been maintained during the hu-
man translation process. A guideline document
was elaborated to help transcriptors on their task.

3.5 Translation of Subset-2

Recordings are all in Catalan and Spanish. Thus,
every utterance has been translated into English
and either Spanish or Catalan, respectively, pre-
serving the same translation style considered for
subset-1. Recorded dialogues and their transla-
tions look as follows:

B0162_21_1_001_000_CAT:

bon dia. agéncia de viatges “Sol i Mar™.

parla amb “Sebastia”™. com el puc ajudar?
B0162_21_1_001_000_SPA:

buenos dias. agencia de viajes “Sol i Mar~.

habla con “Sebastia”™. en qué puedo ayudarle?
B0162_21_1_001_000_ENG:

good morning. “Sol i Mar™ travel agency.

“Sebastia” speaking. can I help you?
B0162_21_1_030_001_CAT:

bon dia. voldria reservar un bitllet

per "Milwaukee™, “Estats Units”.
B0162_21_1_030_001_SPA:

buenos dias. queria reservar un billete

para “Milwaukee™, “Estados Unidos”.
B0162_21_1_030_001_ENG:

good morning . I’d like to reserve a ticket

for "Milwaukee™ the “United States”.

Turn headers contain again useful information:
dialogue identifier, scenario code, source language,
speaker, turn number and turn language.

4 Part-of-Speech Tagging

As already mentioned, good results have already
been obtained in earlier attempts of statistical
machine translation. However, all experts agree

on the fact that a crucial issue here is the type of
data used for the training and knowledge learning.
Thus, bearing in mind the needs of the expert re-
searchers and developers with whom we are work-
ing closely, LC-STAR is developing more sophis-
ticated and linguistically enriched LR. For that
purpose, we have considered that providing part-
of-speech (POS) information for the corpora de-
veloped was certainly the first step to take. So far,
this annotation has been carried out for subset-
1 of our corpus, but it is one aim of the project
to enrich the whole trilingual corpus in the end.
Moreover, the project also aims to establish the
specifications for the design and development of
SST-oriented LR. This is the reason why the cor-
pus under development is already being tested, so
as to evaluate its usefulness during construction
and, thus, adjust its characteristics, according to
requirements.

4.1 Morphosyntactic Annotation of
Catalan and Spanish Data

The POS tagging of Catalan and Spanish data has
been performed with our morphological analyser
MACO+ (Morphological Analyzer Corpus Ori-
ented) (Carmona et al. 98), a robust and wide-
coverage tool that accepts unrestricted text as in-
put and provides all possible labels and lemmas
for each word form.

The set of tags used to represent the morpho-
logical information is based on those proposed
by EAGLES!. The output of MACO+ is disam-
biguated by RELAX (Relazation Labelling Based
Tagger) (Padré 97). This tool selects (or aims to
select) the correct POS and lemma, for each word
in the given context. Currently, it produces an
output with over 97% accuracy.

Although both these tools are also available for
English language, their performance is not as ac-
curate as for Catalan and Spanish.

4.2 Morphosyntactic Annotation of
English Data

After considering some tools available for En-
glish, it was decided to use Eric Brill’s POS tag-
ger (Brill 93). Its tags are based on the Penn
Treebank project!!. Brill’s transformation-based
error-driven learning tool was chosen because it is
highly portable, it can be trained on small train-
ing tagged corpora and it is a simpler tool to use.

Ohttp://www.ilc.cnr.it/EAGLES96/home.html
"http://www.cis.upenn.edu/ “treebank /home.html



Before mentioning some of the problems en-
countered during our POS tagging process, it
should just be added that as a first approach, Bril-
I's tagger has been used as-is, so as to see what
was capable of. As it will be seen in the follow-
ing section, though, a few problems popped up
that had been feared but not fully anticipated,
and that had to be dealt with.

4.3 Problems Encountered during the
POS Tagging Process

Conversations may contain some disfluencies such
as false starts, corrections, repetitions, filled
pauses, and certain ungrammaticalities. These
phenomena cause the POS-tagger performance to
significantly decrease. Unfortunately, the training
data are very different from the data to be tagged,
which is a major drawback in our research that
must be overcome. If morphosyntactic informa-
tion is to be used it should be taken into account
that tagging errors are surely going to propagate
into the rest of the system.

4.4 Usefulness of POS Tagging for SST

The trilingual corpus created represents a source
of information on two different types of lan-
guages, those with little morphological inflection
and those with a rather rich inflectional morphol-
ogy. When pursuing SST, dealing with both such
types can be very problematic. It seems reason-
able, thus, to try and provide the system with
the necessary information to achieve the correct
translations.

Bearing this in mind, subset-1 of our corpus
has been enriched with morphological information
and its usefulness has already been tested. These
initial tests (Ueffing & Ney 03) have shown that
translation results have improved with the help of
POS information. It is, thus, our immediate aim
to provide POS information for subset-2.

5 Conclusions and Further Work

The paper has provided a description of on-going
work towards the development of language re-
sources for statistical machine translation, in the
frame of the LC-STAR project, which aims at
both creating corpora and lexica for SST and
establishing criteria for future resource develop-
ment.

As an initial stage, we have developed a trilin-
gual aligned corpus for languages of very differ-
ent morphological inflection. In order to improve

statistical SST for these languages, this corpus
has been enriched with POS information. Initial
experiments carried out by our project partners
have proved the success of this approach. Thus, it
is our objective to complete the task of enriching
the corpus with POS information and study the
addition of any other relevant linguistic knowl-
edge.

As a further objective of the LC-STAR project,
we also aim at developing lexica for SST. Criteria
and contents for this are currently being consid-
ered and some experiments are being planned to
test their usefulness. Last but not least, an im-
portant outcome of this work will be the specifi-
cations that should be later followed by other LR
to be developed.
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