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Abstract
Automatic speech recognition has been usually performed by
using only the audio data, but speech communication is affected
as well by other non-audio sources, mainly visual cues. Visual
information includes body expression, face expression, and lip
movements, among other. Lip reading, also known as Visual
Speech Recognition, aims at decoding speech by only using
the image of the lip movements. Current approaches for au-
tomatic lip reading follow the same lines than for speech pro-
cessing: use of massive data for training deep learning models
that allow to perform speech recognition. However, most of the
datasets and models are devoted to languages such as English
or Chinese, while other languages, particularly Spanish, are un-
derrepresented. The LLEER (Lectura de Labios en Español en
Escenarios Realistas) project aims at the acquisition of large-
scale visual corpora for Spanish lip reading, the development
of visual processing techniques that allow to extract important
information for the task, the implementation of models for au-
tomatic lip reading, and the integration with speech recognition
models for audiovisual speech recognition.
Index Terms: lip reading, audiovisual speech recognition, im-
age and video processing

1. Introduction and background
Speech recognition is a classic problem in the computer sci-
ence field [1] which can be considered as a complex problem
where many different senses are involved, as well as high-level
knowledge processes such as grammar, semantics and pragmat-
ics [2]. Most of the work on automatic speech recognition is
based on the use of audio signal (voice), but other information
sources can be useful: gestures, face expressions, body pose,
etc. Actually, speech production involves a mechanical pro-
cess where lip movements are involved. Some studies [3] con-
cluded that coherence between lip movements and audio signal
is fundamental for speech intelligibility. Therefore, lip move-
ments could be of great help to improve speech decoding with
respect to using only audio signal (audiovisual speech process-
ing [2, 4]), which is useful specially when audio signal is noisy
or corrupted, while video signal presents a relatively better qual-
ity [4].

A step forward would be the use of only the visual modal-
ity for speech decoding, which is known as automatic lip read-
ing [5] or Visual Speech Recognition (VSR). This approach is
quite more difficult because only about 30% of speech informa-
tion is visible [6]. Having an automatic system that would be
able to decode speech from lip movements, would be a valuous
tool for people with that functional diversity (i.e., people with
difficulties on producing audio signals).

Several factors have influenced automatic lip reading in its
development in the last decades. Initial attemps of VSR were

related to very simple identification tasks such as alphabet and
digit recognition [7], based on corpora such like AVLetters [8]
and CUAVE [9]. Steps towards continuous VSR were taken for
a single speaker [10], using the RM-3000 corpus and for several
speakers [11] with the TCD-TIMIT corpus. However, these cor-
pora were recorded in controlled conditions, which makes them
not fully useful for working in a real scenario. A more realistic
environment is that compiled in the LRS2 corpus [12], a set of
videos taken from BBC broadcasts, and the LRS3 corpus [13],
related to TEDx talks. All these corpora are available only for
the English language.

Regarding to other languages, and specially Spanish lan-
guage, the number of datasets is really lower. A popular one is
the VLRF corpus [14], which is a freely available corpus of vi-
sual recordings in Spanish in controlled conditions. This corpus
allowed to obtain a lip reading system with modest results [14].
The Av@Car corpus [15] is another example of Spanish dataset
that can be used for lip reading, in this case directed towards au-
diovisual speech recognition in a noisy environment (car driv-
ing). Another dataset is the CMU-MOSEAS corpus [16], which
presents video samples in unrestricted conditions in 4 different
languages, including Spanish.

Apart from data availability another principal aspect for
VSR is the feature extraction step. Feature extraction tech-
niques are derived from usual image and video processing tech-
niques [17], such as the use of geometric features [18], Eigen-
lips [19], and Deep Learning approaches based on Convolu-
tional Neural Networks (CNN) [20], and more specifically Con-
volutional Autoencoders [21] and the VGG model [22]. At the
moment, it seems that there is no clear alternative that works
better than other for the lip reading task [7].

VSR is nowadays mainly based on the Machine Learn-
ing paradigm [23] with models that have evolved in a simi-
lar manner to that of ASR models. Hidden Markov Models
(HMM) with Gaussian Mixtures (GMM-HMM) was the usual
approximation since a decade ago [24]. Nowadays, most mod-
els are based on Deep Learning, initially hybrid HMM (DNN-
HMM) [25, 26] and nowadays End-to-End models [12], in
which input video frames are directly decoded into the word
sequence. In any case, current state-of-the-art models pro-
vide a promising but still high error (around 30%) for English
VSR [27, 28, 29], which reflects the intrinsic difficulty of the
task. In Spanish, this situation is even worse due to the lack
of resources, having around a 50% of error rate in different
datasets [28].

In this context, the LLEER project aims at contributing
to the advance of the lip reading technology for the Spanish
language and its application in unrestricted scenarios. In con-
trast to other proposals, LLEER would provide a large scale
visual corpus for Spanish lip reading in unrestricted conditions.
This corpus would be based on the Albayzı́n RTVE Challenge
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dataset [30], which provides quite realistic scenarios with an un-
restricted nature of the images, because it contains TV programs
from Radio Televisión Española (RTVE) that cover from news
to magazines, and in different scenarios (TV studios, interviews
or shows in common places, street scenes, etc.). Part of this cor-
pus is available as a set of videos with their corresponding tran-
scriptions, and it would be the basis for generating a large visual
corpus of lip movements with their transcriptions. Since some
parts contain no lip image available (off-voice, speaker not fo-
cused by the camera, speaker not talking to the camera, . . . ), it
must be properly processed to obtain the final dataset that could
be used for developing the rest of the activities proposed in the
project. This corpus would be made freely available (consider-
ing the conditions imposed by the RTVE corporation) in order
to provide a valuable resource for the research community on
VSR, and specially to those working on the Spanish language.

The project would also study different feature extraction
techniques in order to determine which is the best general ap-
proach for feature extraction. The obtained conclusions would
guide future research in this field by showing which is the
most convenient feature extraction technique given the record-
ing conditions.

Additionally, extensive experimentation with different Ma-
chine Learning models is planned. At the initial steps of the
project, a limited amount of data would be available (those
freely available datasets and a part of the RTVE dataset) and
possibly not in the desired conditions (unrestricted scenarios).
Thus, initial approaches based on classic models would be ex-
perimented, to switch to state-of-the-art models (those based on
Deep Learning and End-to-End models) as more data becomes
available. The experience on the previous realisations would al-
low to make a more efficient use of the available resources (data,
computational resources, human resources, etc.). The final re-
sult would be a model architecture that could provide state-of-
the-art results for lip reading in Spanish, and that would be the
basis for future works by other researchers in the area.

Finally, the integration of the developed lip reading mod-
ule into an audiovisual recognition system would be performed,
along with its implementation in a software tool that would al-
low to perform automatic lip reading (or audiovisual recogni-
tion) for people that are interested in their use, specially for
people with functional diversity that would improve their life
quality by using that tool.

2. Objectives and tasks
The main objectives of the LLEER project are:

1. To compile a corpus for Spanish VSR in unrestricted
conditions.

2. To develop feature extraction techniques for VSR.
3. To create models that perform automatic VSR.
4. To integrate VSR with audio recognition to implement

Audio Visual Speech Recognition (AVSR).
5. To implement a software tool for VSR/AVSR.

To obtain these objectives, the project is divided into work
packages (WP) and tasks, which are presented in the rest of this
section.

2.1. WP1. Corpus acquisition and organisation

This WP is related to the obtention of the corpora that would
be used for feature extraction research and for training and test-
ing the models to be developed. There are different available

datasets with different features in Spanish and other languages
to be considered. Apart from that, a fully new corpus based on
the Albayzı́n RTVE Challenge corpus would be built in order to
obtain a dataset with enough data in realistic conditions.

The tasks are the following:

1. Dataset selection: there are available a large set of au-
diovisual datasets that are related to the lip reading task,
each one with a different language, degree of complex-
ity, and recording conditions. This task would perform
an exploration of the different corpora and their avail-
ability. The RTVE corpus will be in the set of selected
corpora.

2. Dataset compilation: the datasets would be selected
according their features and the capacities to process
them. Datasets would be downloaded (video and tran-
scriptions) along with their corresponding standard train-
ing/validation/test partitions (if available), and stored in
a centralised server.

3. Dataset processing and annotation: since most datasets
are not fully suitable for the lip reading task (such as the
RTVE dataset), a processing of the corpus would be nec-
essary to select only the material that is suitable for lip
reading. This can be performed semi-automatically, de-
tecting video frames where faces are present and then
performing a manual revision to disregard unsuitable
material (silent people, faces that are not looking at the
camera, frames with many faces, etc.) and build the final
set. This set of sequences must be properly annotated
from the provided transcription.

4. Dataset organisation: datasets should be properly parti-
tioned in training, validation and test parts. Many differ-
ent partitions are possible: speaker dependent or inde-
pendent, closed or open language model, similar or dif-
ferent recording conditions, etc. A meta-corpus could be
organised with material from different corpora in order
to achieve a larger set of sequences in some given condi-
tions. This task would define experimental frameworks
and its documentation. Possible evaluation campaings
could be proposed in the framework of the Albayzı́n
evaluations performed every two years in the framework
of the IberSpeech conference.

2.2. WP2. Feature extraction

This WP is related to the extraction of the most relevant fea-
tures for the datasets compiled and selected in WP1. Different
feature extraction techniques would be studied, selected, and
proposed. Appropriate feature combination techniques would
be implemented as well in order to obtain a set of features that
combines the best characteristics of each technique.

The related tasks are the following:

1. Study and selection of feature extraction techniques: an
initial study of the proposed feature extraction tech-
niques would be performed, in order to deepen in the
characteristics of each technique, their problems and
limitations, and their suitability for different scenarios.

2. Proposal and implementation of feature extraction tech-
niques: the selected techniques would be implemented
and applied to the available corpora. Initial results would
allow to have a better knowledge of the limitations of
each approach and to change the different parameters in
the extraction steps for optimal performance.
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3. Feature combination: the use of feature combination
techniques has provided good results in different recog-
nition and classification tasks. Therefore, the features
selected and implemented would be combined and tested
with different feature combination techniques.

2.3. WP3. HMM-based decoders

Although nowadays Deep Learning systems without the use
of HMM are the common option, HMM combined with Deep
Neural Networks (DNN) are still a state-of-the-art solution for
speech recognition and VSR. The objective in this work pack-
age is to implement a final DNN-HMM system from the se-
lected datasets that could obtain enough precission.

The proposed tasks are:

1. Software selection: there are different software options,
being Kaldi one of the most popular; it could be comple-
mented with other tools for managing the different parts
of the system (lexical construction, language models, lat-
tice processing, etc.).

2. GMM-HMM training and testing: a base GMM-HMM
model is usually necessary for intialising a DNN-HMM
model. In this task it would be generated based on the
selected datasets and on different morphological units
(phonemes or visemes).

3. DNN-HMM training and testing: by using GMM-HMM
models, DNN-HMM models could be initialised and
trained with the defined datasets. Different setups
would be experimented, and data augmentation tech-
niques would be used to obtain a higher amount of data
for better training. Techniques such as Sequence Dis-
criminative Training would be applied.

2.4. WP4. End-to-End decoders

Current state-of-the-art architectures for VSR are mainly based
on Deep Learning. The visual nature of the VSR task makes it
suitable for its processing by Convolutional Neural Networks
(CNN) and the time series nature of VSR fits the paradigm
of Recurrent Neural Networks (RNN). All these architectures
could be integrated in an End-to-End fashion that, currently,
provides state-of-the-art results for corpora in unrestricted con-
ditions. This work package will study and propose different
architectures for Spanish VSR in unrestricted conditions.

The proposed tasks are:

1. Review of Deep Learning methods for VSR: current
state-of-the-art of Deep Learning methods for VSR is
evolving rapidly, with publications in document repos-
itories without peer-review processing but with valuable
contributions. Thus, it would be necessary to review pe-
riodically what are the trends in Deep Learning for this
task, with an special emphasis in techniques centered in
the End-to-End paradigm.

2. Selection of software tools: the implementation of Deep
Learning models is supported by several software li-
braries, such as Keras, TensorFlow, Caffe, or PyTorch,
with different features and available resources. Accord-
ing to our needings in the implementation of the models
for VSR, one or several of these tools would be selected
for the different implementation steps.

3. End-to-end models implementation, training, and test:
the defined architectures would be implemented, trained,

and tested according to the data selection provided in
WP1. Different strategies such as Transfer Learning
or data augmentation would be used to improve perfor-
mance. Transfer Learning could be of particular interest,
since there are many pretrained models specialised on
face image processing.

2.5. WP5. Audiovisual integration

The best VSR option could be integrated within an Audiovisual
Speech Recognition (AVSR) system that could take advantange
of the different error sources of each modality in order to obtain
a better result. There are several integrating options, such as
feature integration or hypothesis integration. As a result, a final
AVSR system would be produced.

The tasks associated are the following:

1. Audio-based speech recognition system: a base system
for each modality is necessary, such that their outputs
can be processed. Therefore, a basic audio-based speech
recognition system would be implemented.

2. Feature integration AVSR model and system: AVSR
could be obtained from feature combination. Several
works that cover this approximation and their proposals
would be reviewed and selected.

3. Hypothesis integration AVSR system: another option
for building an AVSR system would consist of decod-
ing each modality by separate and then combining the
produced outputs. This can be done by obtaining output
lattices for each modality and performing a fusion of the
two lattices. Several fusion techniques are available and
they will be explored and implemented.

2.6. WP6. VSR/AVSR recognition tool

All the work in the project would be reflected in a software tool
that would be able to decode visual and audio-visual speech.
The software tool would have access to the proper devices (cam-
era and microphone) to make the acquisition of the video and
audio modalities and would provide them to the recognition sys-
tem in order to obtain its decoding and presenting it to the user.

The tasks related to this objective are:

1. Acquisition software: standard libraries would be ex-
plored for the acquisition of video and audio in a com-
puter system and in mobile devices. A tool with a simple
interface that allows for video and audio acquisition and
transmision would be developed.

2. Decoder integration: VSR and AVSR are computation-
ally demanding tasks; therefore, a client-server architec-
ture would be proposed, in which the client performs the
acquisition and it sends to the server the acquired signals.
The decoding mode would be selected from the client
and the server would chose the correct system (visual or
audio-visual), according to what client sent, to perform
the recognition, whose result would be sent back to the
client.

3. Current achievements
Although the LLEER project officially started in September 1st
2022, previous work on their topics has been performed and
several tasks and objectives have been partially covered. In par-
ticular:
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• Corpora selected: The exploration of available cor-
pora allowed us to obtain different datasets with dif-
ferent features; more specifically, for Spanish we ob-
tain the datasets VLRF [14], CMU-MOSEAS [16], and
Multilingual-TEDx [31] (these two last corpora contain
data for other languages as well); for transfer learn-
ing purposes we selected other English corpora, such as
LRS2 [12] and LRS3 [13].

• Corpora acquired: the LIP-RTVE corpus was edited and
annotated properly from a subset of videos of the Al-
bayzı́n RTVE corpus. The corpus is now publicly avail-
able1 and it has be publicly presented in the LREC con-
ference [32].

• DNN-HMM systems: HMM-based systems have been
created for the VLRF and the LIP-RTVE datasets;
GMM-HMM results have been provided as baseline re-
sults for LIP-RTVE in [32], and DNN-HMM results
have been obtained for VLRF and LIP-RTVE which pro-
vided some improvements. In the case of VLRF, a tech-
nique based on previous audio alignments was used to
obtain the best results so far in this corpus using HMM-
based models.

• End-to-End systems: based the recent proposal pre-
sented in [28], several End-to-End systems have been
implemented and tested with both English datasets
(mostly for initialising and perform transfer learn-
ing) and Spanish datasets such as LIP-RTVE, CMU-
MOSEAS, and Multilingual-TED. The obtained results
are promising and showed a large improvement with re-
spect to using HMM-based systems, as it could be ex-
pected.

4. Conclusions and future work
This article presents the objectives and tasks of the LLEER
project, which it is aimed at developing VSR systems for Span-
ish that could be integrated into AVSR systems and in a soft-
ware tool that could be useful for people with speech production
problems or for other applications (such as silent passwords,
i.e., speech passwords where no audio is uttered but only lip
movements are available). Although the project has been re-
cently started, some previous work allowed to obtain in a short
time many different results, including an initial version of the
LIP-RTVE database and some lip reading systems that are pro-
viding promising results.

Future work is directed towards the research of the rest of
objectives, such as the increase of the number of datasets in
Spanish to be used, the extension of the LIP-RTVE dataset, the
exploration of different feature extraction techniques and in dif-
ferent acquisition conditions (light variation, distance of camera
to the speaker, . . . ), the proposal of new End-to-End architec-
tures for VSR, the integration of the created systems into AVSR
systems and the development of a software application, prefer-
ably a mobile device app, that performs Spanish lip reading with
accurate enough results.
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