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1. Abstract

1.1. Summary

Matxa is a groundbreaking text-to-speech technology developed
in Catalan, employing deep learning to revolutionise administrative
tasks for the visually impaired. It is the first multispeaker, multidia-
lectal neural TTS model, and comes together with the vocoder mod-
el alVoCat to generate high quality and expressive speech efficiently
in four Catalan dialects:

- Balear

« Central

« North-Occidental
- Valencian

Both models are trained with open data; Matxa models are free (as in
freedom) to use for non-commercial purposes, but for commercial
purposes it needs licensing from the voice artist.

The significance of open-source text-to-speech (TTS) technologies
for minority languages cannot be overstated. These technologies
democratise access to TTS solutions by providing a framework for
communities to develop and adapt models according to their lin-
guistic needs. This is why we have developed different open-source
TTS solutions in Catalan, using an ensemble of technologies. One of
them is that Matxa synthesizes natural-sounding voices suitable for
administrative texts and tasks, being its primary objective to assist
visually impaired individuals in comprehending administrative con-
tent more effectively. The development of Matxa represents a signif-
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icant advancement in assistive technology, addressing the specific
needs of the visually impaired community in accessing administra-
tive information. By leveraging the capabilities of deep learning,
Matxa can accurately interpret and vocalise complex texts, ensuring
that users receive accurate and comprehensive information.

Looking to the future, our goal with Matxa is to expand its capabil-
ities even further by incorporating additional dialects and officially
standardised versions of certain dialects. This expansion will enable
users to choose voices that closely reflect their regional and cultural
backgrounds, enhancing their sense of identity and connection with
the synthesized speech. Additionally, we aim to introduce more ex-
pressive voices that convey emotions and nuances, making the in-
teraction with administrative tasks even more engaging and person-
alized for visually impaired individuals. By continuously improving
and diversifying the voices available in Matxa, we strive to ensure
that all users can access administrative information in a manner that
is both inclusive and reflective of their linguistic and emotional pref-
erences.

In addition, we've created a Hugging Face space that provides a us-
er-friendly interface where users can easily test and download mod-
els for natural language processing tasks. With intuitive features,
users can explore various models, assess their performance, and
seamlessly download them for use in their projects.

Matxa and alvoCat models have been promoted and financed by the
Government of Catalonia through the Aina project.
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1.2. Objectives

The Matxa project has three primary objectives:

1- Developing Natural-Sounding TTS Synthesis for Catalan Dialects:
The project aims to create the most natural-sounding TTS synthesiz-
er for various Catalan dialects, leveraging advanced linguistic and
phonetic modelling. It will implement deep learning techniques to
capture the nuances of each dialect, ensuring accurate representa-
tion in synthesised speech. As we have shown, the combination of
Matcha with the Vocos vocoder achieves high levels of intelligibility
and expressiveness, catering to the diverse linguistic landscape of
Catalonia.

2- Seamless Integration with the administration for Visually Impaired
Assistance: Integration of the TTS synthesizer seamlessly with ad-
ministrative systems will aid visually impaired individuals in their
tasks. The project has developed interfaces that allow easy integra-
tion with administrative software, potentially enabling efficient ac-
cess to documents, forms, and other materials. Compatibility with
assistive technologies and standards will be ensured to maximise
accessibility and usability for all users.

3- User-Friendly Interface and Model Download: The project will
provide the most user-friendly interface for interacting with the TTS
synthesizer, with intuitive controls and clear documentation. It will
enable users to test and download models easily, facilitating exper-
imentation and customization for specific needs. Ensuring that the
interface is accessible to users of all levels of technical expertise will
promote widespread adoption and usage of the synthesizer.
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1.3. Challenge that is being addressed

The development of Matxa presents several challenges, particularly
concerning data quality, the type of data used, and representation
of speakers and dialects. While the technology aims to provide nat-
ural-sounding voices for administrative tasks in Catalan, ensuring
the accuracy and quality of the synthesized speech across multi-
ple dialects poses a significant challenge. Variations in pronunci-
ation, intonation, and vocabulary among different dialects require
comprehensive data representation to capture the nuances effec-
tively. Moreover, maintaining data quality for training the neural TTS
models is crucial, as inaccuracies or biases in the data can lead to
poor synthesis results, especially for minority languages like Catalan
where available datasets may be limited.

Additionally, capturing the rich diversity of Catalan dialects through
just two speakers, one female and one male, is a formidable task.
Even within a single dialect, there can be significant variations in
pronunciation, rhythm, and intonation depending on factors such as
age, social background, and geographical location. Therefore, rep-
resenting the full spectrum of linguistic diversity within each dialect
requires a more extensive range of speakers. However, sourcing and
recording data from a wide array of speakers, each representing dif-
ferent linguistic nuances, poses logistical challenges and may not
always be feasible. Thus, the technology must strike a balance be-
tween the breadth of representation and the practical constraints of
data collection and processing, ensuring that the synthesized voic-
es remain authentic and comprehensible across dialectal variations.
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2. Description of the problem solved

In today’s societies, great importance is given to the written word,
and it is considered common to provide important information in
writing. While public administration has many platforms of open ac-
cess, making it increasingly common for citizens to access official
information and carry out procedures comfortably from home via
the internet, people with visual impairments have been excluded
from this trend. It forces them either to lose their autonomy by ask-
ing for help from a close person or to travel to official offices.

Our new TTS models are designed to read web pages and doc-
uments from official bodies (municipalities and social security).
They are initially intended to help people with visual impairments,
but they can also be useful for citizens with reading comprehen-
sion difficulties, who find it easier to understand texts read aloud.
Secondly, they will also help alleviate congestion in public service
offices, as many people who were previously obliged to travel
there to carry out official procedures, will now be able to do them
directly from home.

Our TTS models have three features that make them stand out from
the rest: the first is that they are distributed freely, making them ac-
cessible to anyone who wants to use them. The second is that they
can be installed on the user’s computer or phone, ensuring their
privacy. Finally, they allow you to choose between the 4 main ac-
cents of the Catalan language. This serves a dual purpose: on the
one hand, the user can choose the accent they like the most or find
most familiar. On the other hand, it helps to dignify the plurality of
accents in the language, as often only the majority accent is taken
into consideration.
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3. Implementation of the solution

Our text-to-speech model tailored for Catalan employs a multi-step
process to convert written text into spoken words with accurate pro-
nunciation. These are the steps:

1. Initially, the model analyzes the input text, breaking it down into
smaller linguistic units such as words and sentences while iden-
tifying any special characters. It then utilizes our version of eS-
peak, a speech phonemizer, to generate phonemes based on the
Catalan language’s phonetic rules. For each Catalan accent, cer-
tain specifically adapted eSpeak rules apply.

2. The matcha-TTS model converts these phonemes into a mel
spectrogram, a visual representation of the spectrum of frequen-
cies of a sound over time.

3. This spectrogram is then fed into our adaptation of the Vocos
vocoder, which synthesizes the speech waveform.
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3.1. Multi-accent Data Produced

We produced LaFresCat dataset (to be published soon) to finetune
multi-accent models. This dataset consists of a total of 3.5 hours
of studio recordings. For this dataset, two voices, one female and
one male, were chosen for each of the four main accents of Catalan
(Balearic, Central, North-Western and Valencian), and between 20
and 30 minutes of each were recorded.

Distribution of utterance durations per
accent

accent
3 balear
3 central
0 occidental
3 valencia

durations (s)
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Total durations per speaker

[ s 10 15 20 25 20 35
minutes

In the following example extracted from our eSpeak, clear phonetic
differences can be observed:

Original sentence: “Volem sentir la teva veu perqué és molt important”
Balearic: vol'en sent'i lo t'eve v'ew park's ‘@z m'olt import'ant
Central: bul'em sent'i lo t'efo B'ew park'e ‘ez m'ol impurt'an

North-Western: bol'em sent'i la t'ewe B'ew perk'e 'ez m'ol import'an
Valencian: vol'em sent'ir la t'ewa v'ew perk'e ‘ez m'olt import'ant
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3.2. Model Architectures

Matxa is based on Matcha-TTS[1], a non-autoregressive encoder-de-
coder model designed for fast acoustic modelling. The encoder
processes input sequences of phonemes and, together with a pho-
neme duration predictor, predicts averaged acoustic features. And
the decoder, whose backbone is essentially a U-Net based on the
Transformer architecture [2], predicts the refined spectrogram. The
model is trained with optimal-transport conditional flow matching.
This yields an ODE-based decoder capable of generating high out-
put quality in fewer synthesis steps.

xp ~ N(x;0,1) [£=10]

‘ Flow prediction network .
[t I € I k I s I t J Phonetize

[ Text J = A==

10  MATXA. The first speech open-source solution to support the different Catalan varieties

AlVoCat is an adapted version of the recently published vocoder
named Vocos[3]. It is a fast neural vocoder designed to synthesise
audio waveforms from acoustic features. Unlike other typical GAN-
based vocoders [4, 5], Vocos does not model audio samples in the
time domain. Instead, it generates spectral coefficients, facilitating
rapid audio reconstruction through inverse Fourier transform. The
goal of this model is to provide an alternative to hifi-gan that is faster
and compatible with the acoustic output of several TTS models. This
version is tailored for the Catalan language, as it was trained only on
Catalan speech datasets.
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One of the main innovations of Vocos that allows a fast performance
is the use of ConvNext [6] blocks as can bee seen in the above figure,
coupled with ISTFT(inverse short time fourier transform) algorithm.
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3.3. Implementation

The main advantages of these models used -Matxa and AlVoCat-
are their lightness and fast response. Moreover, both models can
be merged and exported to the ONNX format in a unified single ar-
chitecture. Then its integration to a C++ APl or a Swift-based app is
perfectly feasible. We aim to adapt the system to all platforms and
devices:

1. Smartphones (Android, iOS, Windows Phone, KaiOS...)
2. Web browsers (Chrome, Mozilla, Microsoft Edge, Safari, Opera...)

The application must meet the needs of visually impaired people as
well as users with full visual ability. Its interface will present only the
essential action buttons, and a “search” box to look for specific in-
formation that the user wants to consult and listen to. Each possible
action will be expressed by a Matxa voice when the user places their
finger or mouse pointer on the corresponding button (similar to the
iOS’s VoiceOver). The user will be able to change Matxa’s speaker
and accent at any time.

The application would be connected to the public administration
database in order to bridge users to the requested information. De-
fault speaker and accent would be female central, but both attrib-
utes can be changed at any time.
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Matxa-TTS

Multi-speaker
Multi-accent

Social Security
Tax Agency
Citizen Council

[ Speaker/Accent Adaptation ]

[ Voice Assistance ]
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4. Impact of the solution

Thanks to the flexibility of the model in terms of speaker and accent
choice, our trained TTS system can be distributed almost throughout
the following Catalan-speaking territory:

- Catalonia

- Valencia

« Balearic archipelago
« Andorra

In the future, to complete the whole official Catalan areas, we plan
to extend Matxa to Aranese and Alghero. This application can have a
considerable impact, since only in Catalonia around 35.000 people (in
2022) were registered as blind or partially sighted. On the other hand,
the inclusion of Catalan accents can offer many people from specific
localities a greater understanding of the information required. Also by
offering an intuitive interface and interaction with administrative infor-
mation facilitates user accessibility.

Matxa can be integrated in a more complex system that may include

a speech recognition, a large language model (LLM) or a dialogue sys-
tem that allows a close-to-natural human-machine interaction.
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