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Abstract

An on-line Spanish-Spanish Sign Language (LSE) trans-
lation system is presented in which Spanish speech con-
tent is translated into LSE to provide Spanish deaf peo-
ple access to speech information. It is cloud-based, built
over a speech recognition module, a transfer-based ma-
chine translation module and a Sign Language synthesis
module that employs an avatar to present the signed con-
tent.
Index Terms: Spanish Sign Language, machine transla-
tion, speech recognition, deaf people

1. Introduction
Spanish Sign Language (LSE) is a visual-gestural lan-
guage used by the majority of the Spanish Deaf com-
munity. It is considered an official language in Spain
since 2007. Data provided by INE1 and MEC2 report
1.064.000 deaf people in Spain, being half of them more
than 65 years old. 47% of the deaf people only have
basic-level studies or are even illiterate. Only between
1% and 3% of the Spanish deaf people are university
graduated (INE, 1999; MEC, 2000). Moreover, about
92% of the Spanish deaf population have important dif-
ficulties to use written Spanish (INE, 2008). This bleak
panorama encourages researchers to contribute in the in-
tegration of the Deaf in the society.

This demonstration presents an on-line, cloud-based
Spanish-LSE translation system, aiming at translating
speech content corresponding to Spanish language to
LSE and at representing it by an avatar. This system can
be applied in several scenarios: deaf children school, in-
formation services (bank services, etc.), TV new-based
services, etc.

2. Spanish-LSE translation system
The Spanish-LSE machine translation system is com-
posed of three main modules: the speech recognition
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module transcribes speech into text; the machine trans-
lation module uses speech transcriptions and translates
them into a sequence of glosses; and the Sign Language
synthesis module, which takes this sequence of glosses
and generates an animation using an avatar. These com-
ponents, along with the user interface for accessing the
system, and the gateway that controls the communica-
tions between each module, are described next.

2.1. Speech recognition module

The ATK software (an HTK-based API for on-line recog-
nition) [1] produces the most likely sequence of words ac-
cording to the input speech content, which is next passed
to the machine translation module. 3-state context-
independent (due to the limited training data), left-to-
right topology Hidden Markov Models represent the
acoustic models (AMs). Each state is modeled from 60
Gaussian Mixture Model components. AMs have been
trained from the ALBAYZIN database [2] for a set of 47
phones [3] in Spanish plus beginning and end silences
with 39-dimensional Mel Frequency Cepstrum Coeffi-
cient features. There is an additional short pause model
that contains a single emitting state and a skip transi-
tion. This module also provides a bigram language model
trained from a corpus related to the disability domain,
chosen for the INTERSPEECH Show&Tell demonstra-
tion, and a vocabulary that consists of 2000 words.

2.2. Machine translation module

Spanish and LSE are typologically different languages.
To give an example, Spanish is a Subject-Verb-Object
language, whereas LSE is a topic-oriented language.
These differences cause direct translation not to be an
appropriate approach to translation. The machine trans-
lation module is implemented from a transfer-based ap-
proach with the analysis, transfer and generation stages.
In the analysis stage, the input text is analyzed mor-
phologically and syntactically to derive a constituency
tree. A wide-coverage unification-based grammar which
includes core linguistic phenomena in Spanish such as
complementation, adjunction, pronominalization, etc.,
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has been employed. That constituency tree is next con-
verted to a dependency tree where constituency and word
order are removed and just the functional relations be-
tween heads and dependents are represented. The de-
pendency tree is then passed to the transfer stage where
non-relevant words in LSE such as definite articles are
removed and some other information such as the non-
overt subjects in Spanish is inserted. The Spanish-LSE
dictionary Diccionario Normativo de la LSE [4] is em-
ployed as a source for the bilingual lexicon used during
the transfer stage. It contains 4100 combinations of signs
and senses corresponding to 2500 Spanish words. To
cover the lexical gap, a Spanish derivative morphology
and the Wordnet ontology [5] providing synonymy and
hypernymy relations are used to extend the initial bilin-
gual lexicon. In case a Spanish word does not have a
sign representation, this is finger-spelled. The generation
stage is seen as a constraint problem. First, a precedence
graph is built from the transferred dependency tree with
the information about the relative order between a head
and its dependent or between pairs of dependents with
the same head. An algorithm based on topological sort
produces the linear surface order in LSE. Finally, signs
are morphologically realized according to their descrip-
tion and represented in a gloss format according to the
input notation of the Sign Language synthesis module.

2.3. Sign Language synthesis module

The Sign Language synthesis module [6] receives the
message translated by the machine translation module us-
ing the input notation. The module parses the input by
obtaining the sequence of signs in the message. A rela-
tional database stores 500 different signs with their pho-
netic definition. This phonetic definition is used to gen-
erate the corresponding animation sequence of the whole
sentence by means of an avatar. This avatar animation is
displayed using a real time rendering API to generate the
corresponding video.

2.4. User interface and gateway

A user interface is employed as input/output to/from the
system. This is the only component the user needs to
install in his/her computer since the system is cloud-
based. It sends the audio to the speech recognition mod-
ule and gets the video generated by the synthesis module
by means of standard RTP connections. It also receives
the sequence of words output by the speech recognition
module by means of a TCP/IP connection. The audio can
be captured with a microphone or from an audio/video
file. This user-friendly interface, depicted in Figure 1,
consists of a subtitle window to show the word transcrip-
tion output by the speech recognition module, a window
to show the signing avatar and start/stop commands to
activate/deactivate the speech recognition.

The gateway manages the dataflow between the mod-
ules of the system from standard TCP/IP connections and
between the speech recognition module and the user in-
terface as well. In doing so, it sends the speech tran-
scriptions from the speech recognition module to the ma-
chine translation module and the user interface, and the
sequence of glosses from the machine translation module
to the Sign Language synthesis module.

Figure 1: The user interface.

3. Conclusions
We present an on-line, cloud-based system for translat-
ing Spanish into LSE to allow Spanish deaf people to ac-
cess speech information. This system is also useful for
people with low degree of hearing loss since subtitles are
also provided along with the signed content. The cloud
property provides a dynamic system over which any sys-
tem component updating is completely transparent to the
user. Future work will concentrate on improving each of
the system components so that new domains (TV news,
audiobooks, information services) can be offered. In this
direction, the coverage of each component will be ex-
tended with new words in the vocabulary of the speech
recognition module, new signs in the Sign Language re-
lational database and new vocabulary and expressions to
enhance the machine translation module performance.
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