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This paper describes a new version of a speech into sign language translation system with new tools and
characteristics for increasing its adaptability to a new task or a new semantic domain. This system is
made up of a speech recognizer (for decoding the spoken utterance into a word sequence), a natural
language translator (for converting a word sequence into a sequence of signs belonging to the sign
language), and a 3D avatar animation module (for playing back the signs). In order to increase the system
adaptability, this paper presents new improvements in all the three main modules for generating
automatically the task dependent information from a parallel corpus: automatic generation of Spanish
variants when generating the vocabulary and language model for the speech recogniser, an acoustic
adaptation module for the speech recogniser, data-oriented language and translation models for the
machine translator and a list of signs to design. The avatar animation module includes a new editor
for rapidly design of the required signs. These developments have been necessary to reduce the effort
when adapting a Spanish into Spanish sign language (LSE: Lengua de Signos Española) translation system
to a new domain. The whole translation presents a SER (Sign Error Rate) lower than 10% and a BLEU
higher than 90% while the effort for adapting the system to a new domain has been reduced more than
50%.

� 2012 Elsevier Ltd. All rights reserved.
1. Introduction

Deafness is the impairment that worst affect the communica-
tion between people. Deaf people (especially for those that became
deaf before language acquisition) have serious problems when
expressing themselves or understanding written texts. They have
problems with verb tenses, concordances of gender and number,
etc., and they have difficulties when creating a mental image of ab-
stract concepts. These deficiencies became apparent because the
lack of feedback in speak-listen procedure. This fact causes deaf
people to have problems when accessing information, education,
job, social relationship, culture, etc. According to information from
INE (Statistic Spanish Institute), in Spain, there are 1,064,000 deaf
people. 47% of deaf population do not have basic studies or illiter-
ate, and only between 1% and 3% have finished their university
studies (as opposed to 21% of Spanish hearing people). Another
example are the figures from the National Deaf Children’s Society
(NDCS), Cymru, revealing for the first time a shocking attainment
gap between deaf and hearing pupils in Wales. In 2008, deaf pupils
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were 30% less likely than hearing pupils to gain five A⁄-C grades at
General Certificate of Secondary Education (GCSE) level, while at
key stage 3 only 42% of deaf pupils achieved the core subject indi-
cators, compared to 71% of their hearing counterparts. Another
example is a study carried out in Ireland in 2006; of 330 respon-
dents ‘‘38% said they did not feel confident to read a newspaper
and more than half were not fully confident in writing a letter or
filling out a form’’ (Conroy, 2006).

However, Deaf1 people use a sign language (their mother tongue)
for communicating. Sign languages are fully-fledged languages that
have a grammar and lexicon just like any spoken language, contrary
to what most people think. Traditionally, deafness has been associ-
ated to people with learning problems but this is not true. The use
of sign languages defines the Deaf as a linguistic minority, with
learning skills, cultural and group rights similar to other minority
language communities. Sign languages are not disseminated enough
among hearing people appearing communication barriers between
Deaf and hearing people. These barriers are even more problematic
when they appear between a deaf person and a government
1 It is necessary to make a difference between ‘‘deaf’’ and ‘‘Deaf’’: the first one refers
non-hearing people, and the second one refers to non-hearing people who use a

gn language to communicate between themselves (their mother tongue), making

to
si

them part of the ‘‘Deaf community’’.
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employee who is providing a face-to-face service, for example. These
barriers reveal the need of developing new technologies for improv-
ing the communication between hearing and Deaf people. A good
example is the development of speech into sign language translation
systems.

The main problem of sign languages is the reduced amount of
economical resources available for minority languages. This lack
of economical resources is the main cause of the reduced number
of interpreters. In the USA, there are 650,000 Deaf people (who use
a sign language) but there are only 7000 sign-language interpret-
ers, i.e. a ratio of 93 deaf people to 1 interpreter. In Finland, there
is the best ratio, 6–1, and in Slovakia the worst with 3000 users to 1
interpreter (Wheatley and Pabsch, 2010). In Spain, this ratio is
221–1. Another effect is the limited amount of language resources
for researching in speech and language technologies involving sign
languages. One important indicator reflecting this aspect is the low
number of sign languages corpora and their small size (San-Segundo
et al., 2010). When developing natural language interfaces, a signif-
icant amount of resources is required to model task knowledge
properly. For the case of language translation systems, it is neces-
sary a parallel corpus including source and target language sen-
tences. In the literature, there are small parallel corpora
involving sign languages, increasing the difficulty of developing
speech into sign language translation systems.

This paper describes a new version of a Spanish into Spanish
sign language (LSE: Lengua de Signos Española) translation system
(San-Segundo et al., 2012) with new tools and characteristics for
increasing its adaptability to a new task or a new semantic domain.
These tools will permit to adapt the translation system to a new
domain with a limited parallel corpus. The working time, necessary
to adapt the system, is reduced significantly. This paper presents
improvements and new characteristics in all the modules compos-
ing the speech into sign language translation system: speech rec-
ognizer, language translator and sign representation interface.
This research work is included in the CONSIGNOS project (Plan
Avanza Exp N: TSI-020100-2010-489). This project aims to adapt
a Spanish into Spanish sign language (LSE: Lengua de Signos Españ-
ola) translation system, already developed to a specific domain
(like driver’s licence renewing service), to different domains: travel
information and hotel reception.

This paper is organised as follows. Section 2 presents the state
of the art. Section 3 describes the system architecture including
speech recognition, language translation and sign animation mod-
ules. Section 4 describes the speech recognition system and the
new features introduced for improving its adaptability. Section 5
presents the new characteristics of the language translation mod-
ule. Section 6 includes the new module for sign animation using
an animated character and the sign editor developed for rapidly
sign prototyping. Finally, Section 7 includes the main conclusions
of this work.
2. State of the art

Machine translation has been one of the main research topics
funded by the European Commission (EC) and the USA Govern-
ment in speech and language processing. In Europe, TC-STAR has
been one of the most important projects. The TC-STAR project
(http://www.tc-star.org/) was envisaged as a long-term effort to
advance research into all core technologies for Speech-to-Speech
Translation (SST). Another important project on language transla-
tion funded by the EC is EuroMatrixPlus (http://www.euromatrix-
plus.net/). This project focuses on creating example systems for
every official EU language, and providing other machine transla-
tion developers with a baseline infrastructure for building statisti-
cal translation models. The EuroMatrixPlus team has organized
several Workshops on Statistical Machine Translation (SMT). On
the webpages http://www.statmt.org/ and http://matrix.statmt.
org/, it is possible to obtain all the information about these events.
As a result of these workshops, there is a free machine translation
system called Moses and available from this web page (http://
www.statmt.org/moses/). Moses is a phrase-based statistical
machine translation system that allows machine translation
system models to be built for any pair of languages, using a parallel
corpus.

In the USA, DARPA (Defence Advanced Research Projects
Agency) is supporting the GALE program (http://www.darpa.mil/
ipto/programs/gale/gale.asp). The goal of the DARPA GALE program
has been to develop and apply computer software technologies to
absorb, analyze and interpret huge volumes of speech and text in
multiple languages. Automatic processing ‘‘engines’’ convert and
distil the data, delivering pertinent, consolidated information in
easy-to-understand formats to military personnel and monolin-
gual English-speaking analysts in response to direct or implicit re-
quests. GALE consists of three major engines: Transcription,
Translation and Distillation. The output of each engine is English
text. The input to the transcription engine is speech and to the
translation engine, text. This project has been active for two years,
and the GALE contractors have been engaged in developing highly
robust speech recognition, machine translation, and information
delivery systems in Chinese and Arabic. This program has also been
boosted by the machine translation evaluation organised by the
USA Government, NIST (National Institute of Standards and Tech-
nology) (http://www.itl.nist.gov/iad/mig/tests/mt/).

In recent years, several groups have developed prototypes for
translating spoken language into sign language: example-based
(Morrissey, 2008), rule-based (Marshall & Sáfár, 2005;
San-Segundo et al., 2008), full sentence (Cox et al., 2002), statistical
(Morrissey, Way, Stein, Bungeroth, & Ney, 2007; Stein, Bungeroth,
& Ney, 2006; Vendrame & Tiotto, 2010), or hierarchical approaches
(San-Segundo et al., 2012). All of these translation systems are
focused on specific semantic domains and they have been devel-
oped using small corpora. The effort for developing every of these
systems has been very important and, in many cases, it has been
necessary the intervention of experts for developing translation
rules or including source language variants. This kind of systems
can complement a Sign Language into Speech translation system,
allowing a two direction interaction. In (Karami, Zanj, & Sarkaleh,
2011) a system for recognizing static gestures of alphabets in
Persian sign language (PSL) using Wavelet transform and neural
networks is presented. A system for automatic translation of static
gestures of alphabets and signs in American Sign Language is
presented by using Hough transform and neural networks trained
to recognize signs in Munib, Habeeb, Takruri, and Al-Malik (2007).
In Sylvie and Surendra (2005) a review of research into sign
language and gesture recognition is presented.

In the last five years, several projects have started to generate
more parallel corpora including sign languages: in American Sign
Language (Dreuw, Neidle, Athitsos, Sclaroff, & Ney, 2008), British
Sign Language (Schembri, 2008), Greek Sign Language (Efthimiou
& Fotinea, 2008), in Irish Sign Language (Morrissey, Somers, Smith,
Gilchrist, & Dandapat, 2010), NGS (German Sign Language) (Hanke,
König, Wagner, & Matthes, 2010), Italian Sign Language (Geraci
et al., 2010) and Spanish sign language (LSE: Lengua de Signos
Española) (San-Segundo et al., 2010). But this is not enough for
minority languages with low resources. Researchers must invest
more effort on developing new tools and features to improve tech-
nology adaptability. This adaptability is defined as the capability of
reducing significantly the effort and the parallel corpus needed for
adapting a speech into sign language translation system to a new
domain. This is the main focused of the research work described
in this paper.

http://www.tc-star.org/
http://www.euromatrixplus.net/
http://www.euromatrixplus.net/
http://www.statmt.org/
http://matrix.statmt.org/
http://matrix.statmt.org/
http://www.statmt.org/moses/
http://www.statmt.org/moses/
http://www.darpa.mil/ipto/programs/gale/gale.asp
http://www.darpa.mil/ipto/programs/gale/gale.asp
http://www.itl.nist.gov/iad/mig/tests/mt/
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Signing avatars are a relatively novel research field. In the last
15 years some relevant results have been obtained. Almost every
sign language representation system uses the gloss notation where
each entity corresponds to one sign. Nevertheless in this notation
the gloss does not describe how to represent the sign. In the re-
search area of signing avatars, there are two main approaches:
articulatory, that generates synthetic animations on the fly based
on a motion specification language and concatenate which uses a
pre-recorded videos of human motion (Huenerfauth & Hanson,
2009). Two of the most relevant projects ViSiCAST and eSIGN
(Elliott, Glauert, Kennaway, Marshall, & Safar, 2008) were devel-
oped based on the Hamburg Notation System for Sign Language
HamNoSyS (Prillwitz, Leven, Zienert, Hanke, & Henning, 1989). A
new technology called Animgen was developed within these
projects, where an avatar (e.g. Guido was one of the most relevant
avatar for sign language) represents an XML version of the HamNo-
SyS language called SiGML. The main drawback of Animgen is the
unfeasibility to modify the resulting animations. To overcome
these limitations, there are recent proposals such as Zedebee that
allows parametrizable scripts (Filhol, 2009) or Paula which incor-
porates nonverbal components and natural pose calculation
(Wolfe, McDonald, Davidson, & Frank, 2007). Another relevant pro-
ject developed at the University of Tunis is Websign (Jaballah &
Jemni, 2010), that is mainly based on web technologies and makes
use of a virtual avatar.

There are also some companies which are developing commer-
cial sign animation systems, such as Vcom3D (http://
www.vcom3d.com/) that allows edition and creation of new signs
(using the GestureBuilding tool). IBM is also investing resources in
the development of SiSi (Paulson, 2008); an application which uses
ViaVoice to recognise the language and use a dictionary of signs to
generate the final animation. Ohali provides a comparison of some
of the most relevant commercial avatars developed in this field
(Ohali, 2010).
3. Speech into sign language overview

This section introduces the system overview and the new tools
and utilities for adapting the system to a new domain.

Fig. 1 shows the module diagram developed for translating spo-
ken language into LSE. The first module, the automatic speech rec-
ognizer (ASR), converts natural speech into a sequence of words
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Fig. 1. Diagram of the speech into sign language translation system inc
(text). It uses a dictionary, a language model and acoustic models
for every allophone. The natural language translation module con-
verts a word sequence into a sign sequence. For this module, the
paper presents and combines two different strategies. The first
one consists of an example-based strategy: the translation process
is carried out based on the similarity between the sentence to be
translated and the examples of a parallel corpus (examples and
their corresponding translations). The second one is based on a sta-
tistical translation approach where parallel corpora are used for
training language and translation models. At the final step, the sign
animation is made by using a highly accurate representation of the
movements (hands, arms and facial expressions) in a Sign list data-
base and a Non Linear Animation composition module, both
needed to generate clear output. This representation is indepen-
dent of the virtual character and the final representation phase.
In this way, the virtual character can be easily changed and the re-
sults can be adapted for the use in different devices.

At the bottom part of Fig. 1, the new tools for increasing the sys-
tem flexibility are presented. The speech recogniser includes an
acoustic adaptation module, for adapting the acoustic models to
a new specific environment (indoor or outdoor scenarios), a new
speaker, or a new Spanish accent. The speech recogniser uses a
vocabulary and a language model generated from the parallel cor-
pus (only source language) automatically. In this process, a new
module has been included for introducing source language vari-
ants, increasing the speech recogniser flexibility. The language
translation module presents a new configuration compared to
the previous version (San-Segundo et al., 2012) where all the trans-
lation strategies are data-oriented ones. With this new design, the
required models are generated automatically from a parallel
corpus. The statistical translation strategy incorporates a new
pre-processing module (López-Ludeña et al., 2012) that permits
to increase its performance. This increment has allowed replacing
a rule-based translation strategy with a statistical one. The sign
animation module includes a new version of the sign editor that
incorporates new options (like predefined positions and orienta-
tions) for reducing significantly the sign specification time.
4. Automatic speech recogniser

The speech recognizer used is a state of the art speech recogni-
tion system developed at Speech Technology Group (GTH-UPM:
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http://lorien.die.upm.es). It is an HMM (Hidden Markov Model)-
based system able to recognize continuous speech: it recognizes
utterances formed by several words continuously spoken. In this
application, the vocabulary size is 653 Spanish words: the corpus
vocabulary (with 527 words) was extended with a complete list
of numbers (from 0 to 100), weekdays, months, etc. (Fig. 2).

The recognizer has been trained with a lot of speakers (4000
people), making it robust against a great range of potential speak-
ers without further training by actual users. The recognizer has
been trained by using more than 40 h of speech from the Speech-
Dat database (Moreno, 1997). The system uses a front-end with
Perceptual Linear Predictive (PLP) (Hermansky, 1990) coefficients
derived from a Mel-scale filter bank (MF–PLP). This front-end in-
cludes Cepstral Mean Normalization (CMN) and Cepstral Variance
Normalization (CVN) techniques (Jankowski, Hoang-Doan, &
Lippmann, 1995).

For Spanish, the speech recognizer uses a set of 45 units: it dif-
ferentiates between stressed/unstressed/nasalized vowels, it in-
cludes different variants for the vibrant ‘r’ in Spanish, different
units for the diphthongs, the fricative version of ‘b’, ‘d’, ‘g’, and
the affricates version of ‘y’ (like ‘ayer’ and ‘cónyuge’). The system
also has 16 silence and noise models for detecting acoustic sounds
(non speech events like background noise, speaker artefacts, filled
pauses, etc.) that appear in spontaneous speech. The system uses
context-dependent continuous Hidden Markov Models (HMMs)
built using decision-tree state clustering: 1807 states and 7 mix-
ture components per state.

About the language model, the recognition module uses statis-
tical language modelling: 2-grams, as the database is not large en-
ough to estimate reliable 3-grams.

The recognition system can generate one optimal word
sequence (given the acoustic and language models), a solution
expressed as a directed acyclic graph of words that may compile
different alternatives, or even the N-best word sequences sorted
by similarity to the spoken utterance. In this work, only the opti-
mal word sequence is considered.

The recognizer provides one confidence measure for each word
recognized in the word sequence. The confidence measure is a va-
lue between 0.0 (lowest confidence) and 1.0 (highest confidence)
(Ferreiros, San-Segundo, D’Haro, & Barra, 2005). This measure is
important because the speech recognizer performance varies
depending on several aspects: level of noise in the environment,
non-native speakers, more or less spontaneous speech, or the
acoustic similarity between different words contained in the
vocabulary.

As regards the performance of the speech recogniser module,
with vocabularies of less than 1000 words, the Word Error Rate
(WER) is less than 5%.

In this work, three new utilities have been incorporated to
increase its flexibility:

� The first one consists of an acoustic adaptation module. The
acoustic models can be adapted to one speaker or to a specific
acoustic environment using the Maximum a Posteriori (MAP)
Sign sequence
Statistical 

Translation

Example-based 
Translation

Word sequence 
recognised

Background module

Distance with the closest example 
Distance Threshold

Distance with the closest 
example > Distance Threshold

Pre-processing 
module

Fig. 2. Diagram of natural language translation module combining two different
translation strategies.
technique (Gauvain & Lee, 1994). This module has been very
important for adapting the acoustic model to new different
acoustic environments: the reception of a hotel and in a small
cabin situated in the street. Other interesting possibility has
been to adapt the acoustic model to a specific speaker. In this
situation, the WER is reduced significantly (less than 3%) and
the system speed increased very much (more than 50%).
� One important problem of the speech recogniser when generat-

ing its dictionary and language model from a small corpus is the
high number of Out of Vocabulary words (OOVs) and the poor
estimation of the language model probabilities. In order to deal
with this problem, in this work a new module of adding Spanish
variants has been incorporated. This modules includes, auto-
matically, several variants considering this aspects:

s The system introduces variants for formal and no-formal ways
of referring to ‘‘you’’ (‘‘usted’’ or ‘‘tu’’ in Spanish). For example,
given the colloquial form ‘‘tu debes darme una foto’’ (‘‘you must
give me a photo’’), the system would include ‘‘usted debe darme
una foto’’ (with the same translation in English ‘‘you must give
me a photo’’ and also in LSE).

s Including synonymous for some names, adjectives and verbs.
The system detects synonymous in different sentences and gen-
erates variants interchanging these synonymous words.

s Changing the order of expressions like ‘‘please’’ or ‘‘thank you’’:
‘‘¿Podrías decirme dónde coger el autobús 42?, por favor’’ -
>‘‘Por favor, ¿podrías decirme dónde coger el autobús 42?’’
(‘‘Please, Could tell me where can I take the 42 bus?’’)
� The language model is based on classes. Instead of considering

individual words for estimating the n-gram sequence probabil-
ities, the system train probabilities of word and class sequences.
Every class can contain several words. This utility is very inter-
esting when, for example, weekdays or months appear in the
domain. With small corpora, there are not enough sentences
including all possible weekdays or months. Including these
words in classes (WEEKDAYS or MONTHS) help to train better
the language model (Brown et al., 1990).

5. Language translation system

The translation module has a hierarchical structure divided into
two main steps. In the first step, an example-based strategy is used
to translate the word sequence in order to look for the best possi-
ble match. If the distance with the closest example is lower than a
threshold (Distance Threshold), the translation output is the same
as the example translation. But if the distance is higher, a back-
ground module based on a statistical strategy translates the word
sequence. During the developing tests, the best results were ob-
tained for a Distance Threshold (DT) ranging from between 20%
and 30%. In the field evaluation, the DT was fixed at 30% (one dif-
ference is permitted in a 4-word sentence).

The main contribution in the language translator has been fo-
cused on the background module. The statistical translation strat-
egy incorporates a new pre-processing module (López-Ludeña
et al., 2012) that permits to increase its performance. This incre-
ment allowed replacing a rule-based translation strategy (pre-
sented in the previous version of the system (San-Segundo et al.,
2012)) with a statistical one. Thanks to this replacement, it is not
necessary to generate any rule by hand, avoiding any manual inter-
vention for developing the language translation module from the
parallel corpus. The statistical translation module is based on
Moses, an open-source phrase-based translation system released
from NAACL Workshops on Statistical Machine Translation
(http://www.statmt.org) in 2011.

In the next sections, more details about the translation strate-
gies will be presented.

http://lorien.die.upm.es
http://www.statmt.org
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5.1. Example-based translation strategy

An example-based translation system uses a set of sentences in
the source language and their corresponding translations in the
target language, for translating other similar source-language sen-
tences. In order to determine whether one example is equivalent
(or at least, similar enough) to the sentence to be translated, the
system computes a heuristic distance between them. By defining
a threshold on this heuristic distance, it is possible to define how
similar the example must be to the sentence to be translated, in or-
der to consider that they generate the same target sentence. If the
distance is lower than a threshold, the translation output will be
the same as the example translation. But if the distance is higher,
the system cannot generate any output. Under these circum-
stances, it is necessary to consider other translation strategies.

The heuristic distance used in the first version of the system
was a modification of the well-known Levenshtein distance (LD)
(Levenshtein, 1966). The heuristic distance is the LD divided by
the number of words in the sentence to be translated (this distance
is represented as a percentage). One problem of this distance is
that two synonyms are considered as different words (a substitu-
tion in the LD) while the translation output can be the same. In re-
cent work (San-Segundo et al., 2012), the system has been
modified to use an improved distance where the substitution cost
(instead of being 1 for all cases) ranges from 0 to 1 depending on
the translation behaviours of the two words. Additionally, the dele-
tion cost ranges also from 0 to 1 depending on the probability of
not aligning a word to any sign (this word is associated to the NULL
tag). These behaviours are obtained from the lexical model com-
puted in the statistical translation strategy (described in next sec-
tion). For each word (in the source language), an N-dimension
translation vector (ŵ) is obtained where the ‘‘i’’ component, Pw(gi),
is the probability of translating the word ‘‘w’’ into the sign ‘‘si’’. N is
the total number of signs (sign language) in the translation do-
main. The sum of all vector components must be 1. The substitu-
tion cost between words ‘‘w’’ and ‘‘u’’, and the deletion cost of
word ‘‘w’’ are given by the following equation.

Substitution and deletion costs based on the translation
behaviour

Subs: Costðw;uÞ ¼ 1
2

XN

i¼1

absðPwðsiÞ � PuðsiÞÞ Del:CostðwÞ

¼ PwðNULLÞ ð1Þ

When both words present the same behaviour (the same vectors),
the probability subtraction tends towards 0. Otherwise, when there
is no overlap between translations vectors, the sum of the probabil-
ity subtractions (in absolute values) tends towards 2. Because of
this, the ½ factor has been included to make the distance range
from 0 to 1. These costs are computed automatically so it is not nec-
essary any manual intervention to adapt the example-based trans-
lation module to on a new semantic domain using only a parallel
corpus.

The biggest problem with an example-based translation system
is that it needs large amounts of pre-translated text to make a rea-
sonable translator. In order to make the examples more effective, it
is possible to generalize them (Brown, 2000), so that more than
one string can match the same example, increasing its flexibility.
5.2. Statistical translation strategy

The statistical translation module is composed of a pre-process-
ing stage and a phrase-bases translation system.
5.3. Pre-processing module

This pre-processing module replaces Spanish words with asso-
ciated tags (López-Ludeña et al., 2012). The pre-processing module
uses a word-tag list for tagging the source sentence. In this module,
all the words in the input sentence are replaced by their tags with
the exception of those words that do not appear in the list (OOV
words). They are kept as they are. After that, the ‘‘non-relevant’’
tags are removed from the input sentence (Non-relevant words
are Spanish words not assigned to any sign). The word-tag list is
generated automatically using the lexical model obtained from
the word-sign GIZA++ alignments (Och & Ney, 2003). Given the
lexical model, the tag associated to a given word is the sign with
the highest probability of being the translation of this word. But
this tag is assigned only if this probability is higher than a thresh-
old. If there is no probability higher than the threshold, the tag for
this word will be the same word. If the most probable sign is
‘‘NULL’’ and its probability is higher than this threshold, this word
will tagged with the ‘‘non-relevant’’ tag. This probability threshold
is fixed to 0.4 based on development evaluations. Generating these
tags automatically is a very important aspect because it contrib-
utes to the main target of this work: reducing the time for adapting
the translation system to a new semantic domain.

In conclusion, the pre-processing module allows the variability
in the source language to be reduced together with the number of
tokens that make up the input sentence. These two aspects give
rise to a significant reduction in the number of source-target align-
ments the system has to train. When having a small corpus, as is
the case in many sign languages, this reduction of alignment points
permits to get better training models with fewer data.
5.4. Phrase-based translation module

The Phrase-based translation system is based on the software
released at the 2011 NAACL Workshop on Statistical Machine
Translation (http://www.statmt.org/wmt11/) (Fig. 3).

In this study, a phrase consists of a subsequence of words (in a
sentence) that intends to have a meaning. Every sentence is split in
several phrases automatically so this segmentation can have er-
rors. But, the main target, when training a phrase-based model,
is to split the sentence in several phrases and to find their corre-
sponding translations in the target language.

The phrase model has been trained starting from a word align-
ment computed using GIZA++ (Och & Ney, 2003). GIZA++ is a sta-
tistical machine translation toolkit that is used to train IBM
Models 1–5 and an HMM word alignment model. In this step, the
alignments between words and signs in both directions (Spanish-
LSE and LSE-Spanish) are calculated. The ‘‘alignment’’ parameter
has been fixed to ‘‘target-source’’ as the best option (based on
experiments over the development set): only this target-source
alignment was considered (LSE-Spanish). In this configuration,
alignment is guided by signs: this means that in every sentence
pair alignment, each word can be aligned to one or several signs
(but not the opposite), and also, it is possible that some words were
not aligned to any sign. When combining the alignment points
from all sentences pairs in the training set, it is possible to have
all possible alignments: several words aligned to several signs.

After the word alignment, the system performs a phrase extrac-
tion process (Koehn, Och, & Marcu, 2003) where all phrase pairs
that are consistent with the word alignment (target-source align-
ment in our case) are collected. In the phrase extraction, the max-
imum phrase length has been fixed at 7 consecutive words, based
on development experiments over the development set (see previ-
ous section).

http://www.statmt.org/wmt11/
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Finally, the last step is phrase scoring. In this step, the transla-
tion probabilities are computed for all phrase pairs. Both transla-
tion probabilities are calculated: forward and backward.

For the translation process, the Moses decoder has been used
(Koehn, 2010). This program is a beam search decoder for
phrase-based statistical machine translation models. In order to
obtain a 3-grams language model, the SRI language modeling tool-
kit has been used (Stolcke, 2002).

5.5. Translation experiments

In order to evaluate the translation module, some experiments
have been carried out using the whole Spanish-LSE parallel corpus
described in San-Segundo et al. (2010). The corpus was divided
randomly into three sets: training (75% of the sentences), develop-
ment (12.5% of the sentences) and test (12.5% of the sentences),
carrying out a Cross-Validation process. Table 1 summarizes the
results for example-based and statistical approaches considering
several performance metrics: SER (Sign Error Rate) is the percent-
age of wrong signs in the translation output compared to the refer-
ence in the same order. PER (Position Independent SER) is the
percentage of wrong signs in the translation output compared to
the reference without considering the order. Another metric is
BLEU (BiLingual Evaluation Understudy; (Papineni, Roukos, Ward,
& Zhu, 2002;), and finally, NIST (http://www.nist.gov/speech/
tests/mt/). It is important to underline that SER and PER are error
metrics (a lower value means a better result) while BLEU and NIST
are accuracy metrics (a higher value means a better result).

For every SER result, the confidence interval (at 95%) is also pre-
sented. This interval is calculated using the following formula:

Confidence Interval at 95%

�D ¼ 1;96

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
SER ð100� SERÞ

n

r
ð2Þ

n is the number of signs used in testing, in this case n = 12,741. An
improvement between two systems is statistically significant when
there is no overlap between the confidence intervals of both sys-
tems. As is shown in Table 1, all improvements between different
approaches are higher than the confidence intervals.
Table 1
Result summary for example-based, rule-based and statistical approaches.

Example-based strategy Reference
ASR outpu

Example-based approach (considering a heuristic distance < 30%) Reference
ASR outpu

Statistical strategy Reference
ASR outpu

Combining translation Strategies Reference
ASR outpu
As is shown in Table 1, example-based and statistical strategies
have SER greater than 20%. Important increment has been reached
in the statistical approach compared to the previous system (San-
Segundo et al., 2012) but a SER close to 20% is still a bit high. Table 1
also presents the translation results for the example-based ap-
proach for those sentences that have a heuristic distance (with
the closest example) lower than 30% (the rest of the sentences
were not translated). In this case, the results increase significantly:
SER improvement is greater than the confidence intervals (at 95%).
Finally, Table 1 presents the results for the combination of several
translation strategies: example-based (considering a heuristic dis-
tance <30%) and statistical approaches. As is shown, with the hier-
archical system it is possible to obtain better results by translating
all the test sentences: SER <10%. Combining both translation strat-
egies allows reaching a good compromise between performance
and flexibility when the system is trained with a small parallel
corpus.

6. 3D Avatar animation module

The systems described in the state of the art section are based
on interactive rendering techniques. These techniques reduce the
time spent in the rendering phase, but produce movements with
a lower degree of realism than those obtained through non-inter-
active rendering techniques. Most of these projects also do not
support the creation of new signs. The representation module of
ConSignos has been designed to overcome the drawbacks of exist-
ing proposals. The animation module is focused on obtaining real-
istic movements by means of the combination of independent
animation channels. The main goals of this approach are the com-
prehensibility of the generated sentences and the independence on
the display device (web page, mobile phone, TV...).

6.1. General description

The animation module uses a declarative abstraction module
used by all of the internal components. This module used a
description based on XML, where each key pose configuration is
stored defining its position, rotation, length and hierarchical
SER (%) ±D PER (%) BLEU NIST

34.2 0.84 33.4 0.6212 7.554
t 39.3 0.85 37.3 0.5531 6.823

3.8 0.40 3.2 0.9512 10.752
t 6.8 0.44 5.2 0.9212 10.252

19.9 0.72 17.9 0.7827 9.233
t 24.8 0.75 22.7 0.7347 8.321

6.4 0.44 5.03 0.9211 10.232
t 7.8 0.47 6.65 0.9156 10.145

http://www.nist.gov/speech/tests/mt/
http://www.nist.gov/speech/tests/mt/
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structure. We have used an approximation of the standard defined
by H-Anim (Humanoid Working Group ISO/IEC FCD 19774:200�).
In terms of the bones hierarchy, each animation chain is composed
by several «joint» objects that define transformations from the root
of the hierarchy (Fig. 4).

Several general purpose avatars such as Greta (Niewiadomski,
Bevacqua, Mancini, & Pelachaud, 2009) or SmartBody (Thiebaux,
Marsella, Marshall, & Kallman. M., 2008) lacked an important num-
ber of essential features for sign language synthesis. Hand config-
uration is an extremely important feature; the meaning of a sign
is strongly related to the finger position and rotation. In our avatar
each phalanx can be positioned and rotated using realistic human
constraints. This is the most time-consuming phase in the genera-
tion of a new sign and, as exposed in next section, a new approach
to increase the adaptability has been created. For each sign it is
necessary to model nonmanual features (torso movements, facial
expressions and gaze). For the upper body control, some high-level
IK control has been defined (see Fig. 5).
Fig. 4. Main bones and Inverse Kinematics con

Fig. 5. Composition of animation channels
The skeleton defined in the representation module is composed
by 103 bones, out of which 19 are inverse kinematics handlers
(they have influence over a set of bones). The use of inverse kine-
matics and spherical quaternion interpolation (Watt & Watt, 1992)
ease the work of the animators to capture the key poses of signs
from deaf experts. The geometry of the avatar is defined using Cat-
mull–Clark adaptive subdivision surfaces. To ease the portability
for real time rendering, each vertex has the same weight (each ver-
tex has the same influence over the final deformation of the mesh).

There are three main concepts related to inverse kinematics
methods: the description of the joints, the rotation angle and the
degrees of freedom. The joints own physical features that deter-
mine the final movement, the rotation angle describes the allowed
rotation for the point of union and the degrees of freedom involve
the directions in which an articulation moves. In most kinematics
configurations is essential to define rotation constraints to avoid
forbidden configurations and simulate only physically correct posi-
tions. There are two ways to deal with IK: analitic or iterative
trols (body, hand and face) of the avatar.

(NLA) and interpolation between signs.
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methods. The analitic methods require previous analysis of the ani-
mation hierarchy and, in the case of complex configurations (such
as virtual avatars) the resulting equations can be quite complex
and computationally intensive. To overcome this problem, ConSi-
gnos uses the Cyclic Coordinate Descent CCD algorithm (Lever,
2002). CCD is an iterative method to compute IK that minimizes
the error of the kinematic configuration for each joint. The algo-
rithm starts computing the rotation of the first element of the
chain and iterates over the elements, adjusting the configuration
of each joint until the position of the effector is close to the desired
position or a concrete number of iterations is reached.

Facial expression is used to indicate the sentence mode (asser-
tion or question) and eyebrows are related to the information
structure. In this way, this nonmanual animation is used to remark
adjectival or adverbial information. The movements of the mouth
are also highly important to focus the visual attention making
the comprehension easier. As pointed out by Pfau and Quer
(2010), nonmanuals require more attention from the point of view
of the automatic sign language synthesis.

The composition of the final animation of the character is based
on Non-Linear Animation techniques (NLA) (Lever, 2002). NLA are
used in film production to merge individual actions into complex
animations. Each small piece of the animation (action) is special-
ized in one thing. These actions can be easily reused in different
domains. Thanks to the use of this approach, each action defines
an animation layer (such as body, hand or face animation). Each
sign is defined by means of several actions (or animation channels,
e.g. Facial, Hands or Modifiers). The final movement of the sign is
obtained fusing the described animation layers. For instance, there
are three basic actions defined in Fig. 5 to create a «question about
a big cat». Basic SLERP interpolation (Watt & Watt, 1992) is also
used to concatenate signs smoothly in an utterance.

The realistic result of the movements is probably the most
important elements to consider in the representation of sign lan-
guage. The results obtained in ConSignos improve the results ob-
tained in similar systems thanks to the use of the realistic
rendering approach and the composition of individual actions.
The keyframe animation approach produces more accurate, com-
prehensible and lifelike results than motion capture-based tech-
niques (Adamo-Villani, 2008).

Another advantage of the representation module is the adapta-
tion to different kinds of devices (computers, mobile phones, etc.).
The rendering phase is often considered as a bottleneck in photo-
realistic projects in which one image may need hours of rendering
in a modern workstation. The rendering system used in ConSignos
can be easily used through distributed rendering approaches
(Gonzalez-Morcillo, Weiss, Vallejo, Jimenez, & Castro-Schez, 2010).
Fig. 6. Two results using different avatars (Niva and P
6.2. Tools for increasing its adaptability

Social responses to virtual humans have been studied, using
objective and subjective methods, in different contexts. The behav-
ioral realism of their movements has a strong effect on the quality
of communication in general, and in the subjective impression of
understanding in sign language in particular (Kipp, Heloir, &
Nguyen, 2011). Depending on the application domain (the gender,
age and cultural awareness of the final user), the representation of
the avatar must be changed. To avoid the rejection of the final user,
this form of adaptability is needed in any real-world scenario. In
ConSignos the representation of the internal IK skeleton is shared
among virtual characters using a XML specification. This file also
specifies the relative size of the bones and the constraints required
to generate realistic movements. Fig. 6 shows an example of the
reuse of the same pose.

Another important factor to increase the adaptability is the gen-
eration of the specific vocabulary in each application domain.
Thanks to the use of an internal skeleton shared among avatars,
the definition of each sign must be done only once. In previous
developments of this representation module (Herrera, Gonzalez-
Morcillo, Garcia, Mateos J. A., & I., 2009), the movement description
of each sign was done by trained experts in computer animation
and sign language. Using a real video of a native signer, the expert
detected the relevant changes in the direction of the joints addking
keyframes using the appropriate rotation value.

One of the main problems related to the creation of the signs is
the time required to be modelled. In spite of the development of
new techniques to ease the animation of virtual characters (such
as inverse kinematics controls and key poses), the user may spend
between 15 and 30 min to setup a new sign. It is important to re-
call that each sign must be done only once and thanks to the design
of the representation module, this description of the movement
can be reused in different 3D avatars. Because of the huge amount
of time required, this phase can be considered as the main bottle-
neck in the project.

A sign editor module (Fig. 7) has been developed to ease the
construction of the sign dictionary. In this application, the user
chooses basic configurations of shape and orientations of the both
hands (active and passive). The expert chooses the frame and with
one interaction picks the closest configuration of the hand. This
configuration can be refined later using the inversed kinematics
facilities previously discussed. These configurations of the shape
and orientation are defined over static poses which contains only
the essential parameters that describe the action. For example, in
Fig. 8, to describe the selected orientation of the hand, only the
rotation of the bone hand.r and the location and rotation of
erico) with realistic rendering and the same pose.



Fig. 7. Sign editor based on the use of predefined static poses for hand shape and orientations.

Fig. 8. Static pose definition in XML of a right hand orientation setup.

Table 2
Analysis of effort reduction (in PM person x month) when adapting the system to a
new domain thanks to the new tools and utilities developed in this work.

Effort in PM (person x month)

Previous version Current version Task

2 PM 2 PM Parallel corpus development
0.25 PM Source language variants generation
2 PM Models for translation
2 PM 0.5 PM Sign design and development
6.25 PM 2.5 PM Total
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ikhand.r are relevant. This information is stored in XML files. Fig. 8
presents the interface of the orientation panel and the description
of the fifth pose.

In the current system, 86 hand shapes (23 basic shapes and 63
derived from the basic configurations) were defined. 53 configura-
tions for orientation were also constructed. Fig. 7 shows the first 30
configurations in the sign editor. For example, as shown in Fig. 7,
shape 6 (background in yellow colour) defines one basic configura-
tion (index finger stretched) and shapes from 7 to 8 are derived
from it (different configuration with the same finger stretched).
Thanks to the use of this sign editor, the time required to specify
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a new sign decreased the 90% with similar quality results. Some
examples can be downloaded from http://www.esi.uclm.es/
www/cglez/ConSignos/signos/.

7. Discussion and conclusions

Table 2 presents an analysis of the effort reduction (in PM per-
son �months) when adapting the system to a new domain using
the new tools and characteristics incorporated in the new version
of a Spanish into LSE translation system.

As it is shown, the total effort has been reduced significantly
(more than 50%) thanks to the elimination of the effort necessary
to develop the translation rules manually (now, all the information
for language translation is generated automatically), and the
important reduction in the sign design and development process.
The new version of the system not only increases its adaptability
by reducing the required effort to be adapted to a new domain,
but also, introducing new possibilities (like the acoustic adaptation
module for the speech recognizer) that permit to maintain the sys-
tem performance in different conditions.

As a conclusion, this paper has presented a new version of a
speech into sign Language translation system with new tools and
characteristics for increasing its adaptability to a new task or a
new semantic domain. This paper presents new improvements in
all the three main modules. The speech recogniser includes an
acoustic adaptation module, for adapting the acoustic models to
a new specific environment (indoor or outdoor scenarios), a new
speaker, or a new Spanish accent. When generating automatically
the vocabulary and a language model for the speech recogniser, a
new module has been included for introducing source language
variants, increasing the speech recogniser flexibility. The language
translation module presents a new configuration compared to the
previous version (San-Segundo et al., 2012) where all the transla-
tion strategies are data-oriented ones. With this new design, the
required models are generated automatically from a parallel
corpus. The statistical translation strategy incorporates a new
pre-processing module (López-Ludeña et al., 2012) that permits
to increase its performance, allowing replacing the rule-based
translation strategy. The sign animation module includes a new
version of the sign editor that incorporates new options (like pre-
defined positions and orientations) for reducing significantly the
sign specification time.

The whole system presents a SER lower than 10% and a BLEU
higher than 90% for a specific domain application.
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