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Abstract:

This paper demonstrates the process of
generating all possible Arabic terms from
triliteral roots. Initially, we systematically
generate all the triliteral roots considering
the Arabic phonetic system. In the second
stage supported linguistic justifications, we
compile (363) nominal patterns and (15)
verbal patterns. Finally, the generation
process involves applying these roots to
patterns resulting in a list of (6,784,448)
Arabic lexical entries.

Keywords:

roots, patterns, derivation, generation, terms.
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<Rules>
<Rules_Category cat_id="0" value="composed of identical letters">
<Rule id="Q0" letterl="i" letter2="i" letter3="j"></Rule>
<Rule id="1l" letterl="o" letter2="g" letter3="o"></Rule>

</Rules_Category>

<Rules_Category cat_id="1" value="start with two identical letters">
<Rule id="28" letterl="i" letter2="i"></Rule>
<Rule id="29" letterl="o" letter2="u"></Rule>

</Rules_Category>

<Rules_Category cat_id="2" value="can't be together">
<Rule id="56" letterl="i" letter2=" g"></Rule>
<Rule id="57" letterl="a" letter2="b"></Rule>

</Rules_Category>

<Rules_Category cat_id="3" value="can't be followed by">
<Rule id="101" letterl="a" letter2="w"></Rule>
<Rule id="102" letterl="z" letter2="4d"></Rule>

</Rules_Category>
</Rules>
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|<Lexicons>
<lexicon id="1" name="taj_alarous"></lexicon>
<lexicon id="2" name="lisan al_arab"></lexicon>
<lexicon id="3" name="alsahah"></lexicon>
<lexicon id="4" name="al_wassit"></lexicon>
<lexicon id="5" name="al moassir"></lexicon>

</Lexicons>
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<A1l Roots>
<root id="1" root="ij
<root id="2" root="oi
<root id="3" root="o1

i ></root>
i ></root>
i ></root>

<root id="7544" root="wc 3" ></root>
<root 1d="7545" root="gs " ></root>
<root id="T7546" root="pc 3" ></root>
<root 1d="7547" root="ws3" ></root>

<root 1id="21949" root="gu" ></root>
<root id="21950" root="41" ></root>
<root 1id="21951" root="gu" ></root>
<root id="21952" root="_u" ></root>

</Rll Roots> o
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<Verbal Patterns>

<Pattern id='365' wvow='Jas' >
z <case pos='4' ex='033" />
</Pattern>

<Pattern id='366' vow='Jai' >
z <case pos='4' ex='ju3s' />
</Pattern>

<Pattern id='378' wvow='J:prdl' >
Z <case pos='4' ex='jhihs|' />
</Pattern>

<Pattern id='379' vow='J%&5|' >
Z <case pos='4' ex='3316I"' />
</Pattern>

</Verbal Patterns>
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<Nominal Patterns>

<Pattern id='116' vow='JsLii' >
<case pos='la' ex='jalai' />
<case pos='lb' ex='jalai' />

</Pattern><Pattern id='1l' vow='Jidi' >
<case pos='2g' ex='Jadi' />
<case pos='2h' ex='plSi" />

</Pattern>

<Pattern id='2" vow='Lllgsdi' >
<case pos='2f' ex='dsga3i' />

</Pattern>

<Pattern id='3' vow='JLadl' >
<case pos='3a' ex='gl.L3l"' />

</Pattern>

<Pattern id='4' vow='{lLsd|' >
<case pos='3¢c' ex='iilzu|' />

</Pattern>

<Nominal Patterns>
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<Patterns_lexicon>
<Nominal Patterns>

<Pattern id='l' vow='Jdadi' >
<case pos='2g' ex="Jia3si' />
<case pos='2h' ex='p&3i"' />

</Pattern>

<Pattern id='2' vow='4Jgadi' >
<case pos='2f' ex="d>4x3i" />

</Pattern>

</Nominal Patterns>
<Verbal Patterns>
<Pattern id='365"' vow="Jai' >
<case pos="4' ex='oja' />
</Pattern>
<Pattern id="366"' vow="Jxi' >
<case pos='4' ex='jas' />
</Pattern>

</Verbal Patterns>

<POSs>
<POS id='la' type='dsls' desc="'al3 paul' />
<POS id='1b' type='uasls' desc='_iss pul' />

<POS id='4' type='Jad' desc='Jad' />
</P0OSs>
</Patterns lexicon>

(1) http://arabic.emi.ac.ma/alelm/?page_id=273/#Lexicon
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<Lemmas Lexicon>
<root id="29" >

E/root>

<root id="16522" >

<lemma pos="2g" pattern="1" >gl£i</lemma>
<lemma pos="2f" pattern="2" >14,i£i</lemma>
<lemma pos="3a" pattern="6" >olisdw!</lemma>

<lemma pos="3a" pattern="18"
<lemma pos="3a" palttern="20"
<lemma pos="3a" patbern="23"
<lemma pos="3a" patbern="24"
<lemma pos="2a" pattern="31"
<lemma pos="2e¢" pattern="33"
<lemma pos="2e¢" pattern="36"
<lemma pos="2f" pattern="38"
<lemma pos="3a" pattern="70"
<lemma pos="2e¢" pattern="71"
<lemma pos="3a" pattern="74"
<lemma pos="2a" pattern="82"
<lemma pos="2b" pattern="83"
<lemma pos="2b" pattern="85"
<lemma pos="2b" pattern="87"
<lemma pos="3a" paltlern="89"
<lemma pos="2d" patlLern="94"

> LSO 1</ lemma>
>obLSS5</ lemma>
>0 L3S S</ lemma>
>ais</ lemma>
>uils</ lemma>
>0 g LS</lemma>
>0 L3S</lemma>
> Lis</lemma>
>l;+i3</lemma>
>0 338</lemma>
>l;ﬂ313</lemma>
>u5LSE</ lemma>
>0iSSh</ lemma>
>udS i</ lemma>
>uSLSh</ lemma>
>SS </ lemma>
>udsSe</lemma>

<lemma pos="2d" pattern="103" >i,3S»</lemma>
<lemma pos="1le" pattern="339" >I,4Li8s</lemma>

<lemma pos="4" pattern="365"
<lemma pos="4" pattern="369"
<lemma pos="4" pattern="376"
</root>
<root id="16523" >
</root>
</Lemmas Lexicon>

>088</1emma>
>05L8</lemma>
>0i8 5w </ lemma>
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Abstract:

The current research focuses on how Corpus
Linguistics benefits from corpora as an advanced
methodological tool, contributing to enhancing
goals and maximizing the feasibility of various
applications in Applied Linguistics concerning
sample size and linguistic materials.

This research comprises three parts. The first
part is methodological. The second part provides
general introductions to corpora, outlining their
objectives; and connections to language planning
and policies. Additionally, it addresses the debate
regarding whether corpora represent a method
or a tool. The third part explores how Corpus
Linguistics benefits from corpora and offers ten,
comprehensive application examples within
Language Teaching, Critical Discourse Analysis,
Forensic Linguistics, and Classroom Discourse.

This representative study aims to explore the
new aspects of implementing corpora in Applied
Linguistics. It seeks to provide fresh insights,
applications, ideas, and explanations about
corpora, while avoiding repetition. Adhering to the
methodological principles of Applied Linguistics and
Language Planning is a core focus of this research.

Keywords:

applied linguistics, Processing, Language
Planning, Discourse Analysis, Language teaching
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Abstract:

Speech as writing is bound by the language
rules to ensure a common interpretation. Although
Arabic grammar has been studied and documented
since the eighth century, research in Arabic language
processing seem to miss much of it. Unlike English,
many of the grammar mistakes in Arabic are audible
rather than visible. A sentence like “ ., il cis”
should be pronounced «kataba ttaAlibo ddarsa»
“The student wrote the lesson”: the translation
of “_L41 LJuan 8", might also be misinterpreted
“the lesson wrote the student” if mispronounced
“ sl CIUAN LES” (kataba ttaAliba ddarso). A single
diacritic switched the meaning. In this article, we
show how we addressed the challenge of audible
grammar mistakes. To the best of our knowledge, no
approach addresses the Arabic grammar checking
to the depth we do. Tests on the grammar checker
show 93%+ accuracy 99% recall.

Keywords:
NLP, Arabic language, Diacritics, Automated
grammar checking...
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Abstract:

This paper introduces an innovative Arabic
speech recognition method that relies on Arabic
syllables, a 5-gram language model, and the
Wav2Vec-2 architecture. It starts by segmenting
Arabic speech into syllables, improving accuracy
by handling the language>s complexity. The
method is rigorously evaluated, showing a
significant boost in system performance. To
enhance accuracy further, a 5-gram language
model is used to address linguistic nuances.
The Wav2Vec-2 architecture, known for its robust
acoustic representations, is employed as the
acoustic model. Fine-tuning on a smaller labelled
dataset improves Arabic speech recognition,
making it resilient to pronunciation variations
and noise. This unique combination yields
impressive Word Error Rates (WER) of 0.06624
with Tashkeel and 0.05959 without Tashkeel,
demonstrating its effectiveness.

Keywords:

Wav2Vec- WER- Language model — Syllables -
Pronunciation rules
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1. Introduction

Speech recognition technology has become an integral aspect of our daily lives, playing
a critical role in powering interactive education and training, virtual assistants, speech
transcription, speech translation, games, and various voice-enabled applications. Meeting
the escalating demand for multilingual and dialect-specific speech recognition systems
necessitates the development of robust solutions tailored to languages with intricate phonetics
and morphology. Arabic, being one of the world’s most widely spoken languages, spoken by
300 million, and the official language of 22 countries, presents distinctive challenges due to
its complex morphological structure and diverse phonetic variations across different regions

and dialects.

Conventional methods for Arabic speech recognition predominantly rely on phoneme-
based models, facing challenges in capturing the subtle phonetic nuances and contextual
dependencies inherent in the language. Consequently, the demand for more sophisticated
techniques capable of effectively handling the intricacies of Arabic pronunciation and
morphology has grown substantially. One notable issue in recognizing Modern Standard Arabic
(MSA) speech involves contextual phoneme alteration in both cross-word pronunciation and
intra-word pronunciation variation. These contextual variations alter the phonetic spelling of
words, resulting in a high word error rate (WER). In a study by (AbuZeina et al., 2011), the
authors presented a knowledge-based approach based on modelling cross-word pronunciation
variation by expanding the phonetic dictionary and corpus transcription. They tested the method
on a speech corpus of 5.4 hours of Modern Standard Arabic. The WER was reduced by 2.3%

below the baseline system.

In data-driven end-to-end speech recognition approaches, the recognition model is provided
with the speech utterances and its corresponding text. The problem here is that the phonetic
representation of the actual utterance is not produced by a simple grapheme-to-phoneme
relationship, but produced by a network of pronunciation rules. For example, a letter is written
in the text, but may not be pronounced depending on the context, e.g. the word “Alshams”
is pronounced “Ash-shams” without letter L, and introducing a second phoneme “sh”. As a
sample of common substitution of letters; the letter N in “man laho” is uttered “mal-laho” with
phoneme N substituted by phoneme L. Similarly, the phoneme N in the word “Anbar” is replaced

by M and pronounced “Ambar”. However, these variations follow up certain pronunciation rules.

To overcome these problems, the end-to-end approach requires enormous data sets and
complex deep learning models to capture the latent pronunciation rules, hopefully by a large

number of training examples.
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Our proposed approach is to apply Arabic pronunciation rules to produce syllable strings
reflecting the actual utterances. There are two advantages to this approach. The first is that
the syllables represent un-interrupted sound unit. The second advantage is that every uttered
phoneme is written and every unuttered phoneme is removed from the corresponding syllable
script, resulting in a one-to-one grapheme to phoneme mapping. This approach could help to
use smaller datasets and more efficient models for the same WER.

In the proposed syllable-based approach the text is converted to syllables using the Arabic
pronunciation rules, (Alghamdi et al., 2004). If foreign names or words are present in the text,
exceptions may occur leading to unknown syllables, or could be forced to follow the Arabic
syllable patterns. For example, “street” could be uttered as “es te reet”.

The paper introduces an innovative method for Arabic speech recognition that
utilizes syllables, a linguistically motivated unit, in combination with a 5-gram language
model and the advanced Wav2Vec-2 architecture (Baevski et al., 2020). Embracing
a syllable-based approach enables us to surpass the limitations of phoneme-based
systems, providing a more resilient and precise solution for Arabic speech recognition.
Syllables, natural linguistic units in many languages, offer several advantages for Arabic speech
recognition. Firstly, they provide a concise representation of phonetic data, bridging the gap
between phonemes and more extensive linguistic components like words and phrases. This
quality allows for a more detailed analysis of speech, capturing crucial phonetic variations
necessary for precise recognition. Secondly, syllables in Arabic closely relate to morphological
units, making them suitable for handling the language’s complex word structure and root-based
derivational patterns. Leveraging syllables can contribute to a more linguistically informed and

contextually aware speech recognition system.

To further enhance the accuracy and robustness of the proposed system, an integrated 5-gram
language model captures the statistical dependencies between successive syllables, effectively
addressing contextual variations and dependencies in Arabic speech. Considering sequences of
five syllables enables the language model to exploit long-range dependencies that often influence

Arabic word formation and pronunciation, leading to improved recognition performance.

As the acoustic model, the Wav2Vec-2 architecture is adopted, showcasing remarkable
success in various speech recognition tasks. Wav2Vec-2 utilizes unsupervised pre-
training on vast amounts of unlabelled speech data, allowing it to learn powerful acoustic
representations without the need for aligned transcriptions. The pre-trained model is then
fine-tuned on a smaller labelled dataset, specifically tailored to the complexities of Arabic
speech. Integrating Wav2Vec-2 enhances the system'’s robustness against variations in
pronunciation, dialects, and ambient noise, making it well-suited for real-world applications.
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This paper aims to evaluate the proposed approach by conducting extensive experiments
on a benchmark Arabic speech dataset. The results showcase the advantages of employing
syllables alongside the 5-gram language model and Wav2Vec-2, demonstrating the system’s
capability to achieve state-of-the-art performance in Arabic speech recognition.

In summary, this paper introduces a novel approach to Arabic speech recognition that leverages
syllables as a fundamental linguistic unit, combined with a 5-gram language model and the
powerful Wav2Vec-2 architecture. Anticipating that this blend of linguistic awareness and cutting-
edge deep learning techniques will lead to significant advancements in Arabic speech recognition
technology, paving the way for more accurate, contextually aware, and robust systems in the future.
The next section offers a brief introduction to Arabic syllables, followed by a literature review on
the state of the art of speech recognition for the Arabic language and the use of syllable-based
speech recognition. Section 3.1 describes the dataset, followed by the model description in
Section 3.2. Section 3.3 covers the Language Model and Decoding, followed by the Results and
Discussion. Finally, the paper concludes with the Conclusion section.

2. Literature review

2.1 Introduction to Arabic syllables

Arabic is a Semitic language, and it is one of the oldest languages in the world. It is the 5th
widely used language nowadays (Sayed, 2015). Modern Standard Arabic has 28 consonants
and 6 vowels, 3 short and three longs (Alghamdi et al., 2004). A consonant is a basic speech
sound, which is produced when the airflow is partly or fully obstructed at one or more points along
the vocal tract. Vowels, on the other hand, are produced when the vocal tract is open, and the
vocal cords vibrate. Vowels have high energy and distinct formant patterns (Huang et al., 2001).
A syllable is a cluster of basic sound units, which is pronounced as a single
complete unbroken sound. Words consist of one or more syllables. Arabic is
a syllable-based language. In Arabic language a syllable must begin with a consonant followed
by a vowel and contains a single vowel, short or long. Modern Standard Arabic MSA Language
is based on 5 syllable structures or classes: CV, CVV, CVC. CVVC, and CVCC. Where C stands
for a consonant, V stands for a short vowel, and VV stands for a long vowel. The CVCC is a
rare syllable and could occur in a speech at the end of an utterance e.g., yai. ¢ ;5 and does
not appear in MSA diacritized text. No more than two consecutive consonants could occur in
the Arabic language (Elshafei, 1991). The Arabic syllable never begins with two consonants.
No single phoneme syllable exists in Arabic. All Arabic syllables must contain at least one
vowel. Also, Arabic vowels cannot be initials and can occur either between two consonants
or the final in a syllable.
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Arabic syllables are categorized as either short or long, with the CV type being short,
while all others fall into the long category. These syllables can also be categorized as open
or closed, where an open syllable concludes with a vowel, and a closed syllable ends with a
consonant. In Arabic, a syllable nucleus always comprises a vowel, and the number of syllables
in a word corresponds to the number of vowels present within it. Syllables play crucial roles
in articulation, cross-articulation, speech prosody, and in the pronunciation of allophones of
phonemes (Elshafei, 1991). Furthermore, the structure of syllables holds significant importance
in Arabic poetry and the musicality of the language.

A statistical analysis was performed using a dataset of Modern Standard Arabic (MSA) text
complete with diacritics, containing 349,981 characters, 39,217 words, and 4,574 lines. This
text was collected from written Arabic news articles covering topics in sports and economics.

The syllables were generated utilizing Arabic pronunciation rules via a program outlined in
(Alghamdi et al., 2004). In total, there are 101,958 syllables, comprising 2,498 unique syllables
within the dataset. Table 1 illustrates each syllable structure alongside its respective percentage
concerning the total syllables. Columns 3 and 4 present the most and least repeated syllables.
Notably, the most prevalent syllable is CV, while the least common is CVCC. In instances
where the last word in a sentence concludes with CVC CV, it is articulated with a stop instead
of ending with CV, resulting in a closing CVCC.

Referring to Table 1, it can be deduced that, on average, a diacriticized word consists of 8.9
characters. The approximate number of characters per syllable is 3.4, with an average of 2.66
syllables per word. However, it was observed that these statistics were influenced solely by
the text, including an end-case diacritic. If the final consonant is not vocalized to mirror actual
speech, more instances of CVCC may be observed. These statistics might also vary based on
text domains and the size of the text corpus.

Table 1: General Syllables Percentages.

Syllables ‘ % ‘ Most Repeated ‘ Least repeated
cVv 42.66957 5=3139 i=1
cve 29.76593 J5=1476 oab=1*
CVwV 23.1783 La=1025 w=1*
CvvC 4.385217 3¥=202 Gag=1*
cvee 0.000981 =1 i
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* Indicates that there are other syllables having the same number of occurrences.

Theoretically speaking, the possible number of CV cases is (28 consonants X 3 vowels)
=84 ; for CVC = 28*3*28= 2352, and CVV=84, CVVC=2352, a total of 4872.However, many
of them may not appear in the MSA.

2.2 Related works

The motivation behind using syllables comes from recent research on syllable-based recognition.

Syllable-based speech recognition was proposed and evaluated for several languages,
(Jasmin et al., 2022), (Fantaye et al., 2019), (Aslyan, 2011), (Majewski, 2008), such as Malayalam,
Chaha, Turkish, and Polish low resource languages, as well for Mandarin Chinese (Zhou et al.,
2018). The syllable role was also investigated in studies of human perception (Kirchhoff, 1996),
(Wu et al., 1998), which demonstrate the central role of the syllable played in human perception
and generation of speech. One important factor that supports the use of syllables as the acoustic
unit for recognition is the relative insulation of syllables from pronunciation variations arising from

the addition and deletion of phonemes as well as co-articulation.

In the following literature review, we present selected methodologies that have been used
for different languages for speech recognition. Developing a speech recognition system
with a language like Arabic presents several challenges. The first set of challenges relates
to the different dialects of Arabic. While Arabic has millions of native speakers, each area
has its own dialect of Arabic. Consequently, the number of datasets available for some of
these is few while other dialects do not even have datasets available for them (Alsayadi
et al., 2022). In addition, some dialects lack a well-defined orthographic system like the
Egyptian dialect (Ali et al., 2017). These issues combined led to a lack of performance
of the developed Arabic Speech Recognition (ASR) systems compared to what has
been achieved in other languages. Furthermore, the absence of the diacritized text (with
tashkeel) is a hindering factor in developing high-quality speech recognition systems. The
studies developing ASR systems using a non-diacritized version of Arabic usually leads to
limited accuracy because non-diactrized Arabic words may have different pronunciations
and meaning depending on the context. Finally, the recent work in (Alsayadi et al., 2022)
found that focusing on one dialect resulted in better accuracy than developing a multi-dialect
system. An approach was demonstrated by students at Zewail City: University of Science
and Technology to create an ASR pipeline for Egyptian Arabic dialects by adapting two
models and comparing them. These models are bidirectional RNN and unidirectional RNN

a1




(Mahrous et al., 2021). They used the MGB-3 data set to train their two models. They built
their first model by using a gated recurrent unit (GRU), with additive attention. The second
model was a bidirectional GRU with an attention-based layer. They were able to achieve
a loss for unidirectional GRU of 0.3473 and a loss of 0.4599 for bidirectional GRU (Mahrous
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etal., 2021).

in which they used long short-term memory networks (LSTM). The proposed model makes
use of LSTM in learning long-term dependencies. In addition, they use CNN to further extract

useful information from the input. Is obvious from the proposed model architecture in Figure 1.
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Authors (Alsayadi et al., 2021) propose an end-to-end model for the Arabic ASR system
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Figure 1: model architecture (Alsayadi et al., 2021)
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The first step is pre-processing the data in the corpus, language model and lexicons. Then
LSTM and CNN are used for the encoder. The encoder role is to build the acoustic model with
CNN to prepare the input as vectors and send them to LSTM layers. For the decoder part,
the output from the encoder is received and LSTM with attention decodes the encoder output
and obtains the predication. The model was tested in Standard Arabic Single Speaker Corpus
(SASSC) and obtained WER 28.48 % . Although the accuracy and WER are not impressive,

they give us more insight into the model and architectures used.

Automatic Speech Recognition (ASR) has made remarkable strides in recent times,
achieving levels of accuracy comparable to human transcribers, prompting discussions about
whether machines have attained human-level performance. Previous research in this domain
has primarily focused on the English language, using modular Hidden Markov Model-deep
neural network (HMM-DNN) systems (Hussein et al., 2022). They aimed to fill the gap by
conducting an extensive benchmarking study on Arabic speech recognition, encompassing
end-to-end Transformer ASR, modular HMM-DNN ASR, and human speech recognition (HSR)
across various Arabic dialects. They explore the performance of end-to-end Transformer
ASR for Arabic and its dialects, achieving notable Word Error Rates (WER) of 12.5%, 27.5%,
and 33.8% for the MGB2, MGB3, and MGB5 challenges, respectively. However, despite the
impressive advancements in ASR for Arabic, the study concludes that human performance
remains notably superior to machine performance. The authors highlight an absolute WER
gap of 3.5% on average, underscoring the continued challenges in achieving human-level

recognition accuracy for Arabic speech.
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Figure 2: Core Architecture of the paper (Hussein et al., 2022)

The performance of well-trained speech recognition systems, based on high-quality full
bandwidth speech data, often suffers when applied in real-world scenarios, especially in
telephone speech recognition. The limited bandwidth of transmission channels in telephone
communications poses significant challenges for accurate recognition. (Azmi & Tolba, 2008)
investigated telephone speech recognition of Egyptian Arabic speech using syllables as
acoustic units. The authors designed a speaker-independent Hidden Markov Models (HMMs)-
based speech recognition system using the (HTK) tool kit. The database used for both training
and testing comprised recordings from forty-four Egyptian speakers. They found that syllable-
based speech recognition has better accuracy in noisy environments over conventional
phoneme-based speech recognition.
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One of the advantages of using syllables lies in their longer time frame, typically
encompassing two or more phones. This extended duration offers a more parsimonious
framework for modelling pronunciation variations in spontaneous speech, contributing to the
system’s robustness and adaptability to real-world environments.

Additionally, syllable-based recognition requires a relatively smaller number of acoustic
units, resulting in faster processing times compared to word-based recognition. This efficiency
makes syllable-based ASR systems more suitable for real-time applications and more
computationally efficient.

3. Methodology

3.1. The Arabic News Corpus Dataset

The primary dataset used in this research, known as the Arabic News Corpus, comprises
15 hours of WAV recordings with diacritized Modern Standard Arabic (MSA) transcriptions.
Originally, this corpus was approximately 5.7 hours long, developed through a grant
from King Abdulaziz City of Science and Technology (KACST) in 2008. Over time, it has
expanded and undergone refinement through grants from various public, institutional,
and private sources. Additionally, it now includes fully diacritized word-level transcriptions.
Crucially, the Arabic News Corpus was created using automated software that converts text
into syllables. While this method helped generate a substantial volume of data necessary
for our task, it's important to note that the automated syllabification process may have
introduced errors due to issues in the diacritized text or the network of pronunciation
rules. We estimate these errors to account for approximately 3% of the dataset.
Despite this potential source of inaccuracies, our model has yielded significant results,
demonstrating its robustness in handling minor inconsistencies within the training data.
The dataset was divided into training, validation, and testing sets. The training set, comprising
12.5 hours of recordings, constituted the largest portion, while 1 hour was assigned to the

validation set, and the remaining 1.5 hours were allocated to the testing set.

The dataset’s size significantly influences the methodology, with smaller datasets
possibly requiring more specific approaches. Our dataset, with varied sound file durations,
provides a sturdy foundation for our study. The average duration of each sound file
is 6 seconds, ranging from a minimum of 0.6 seconds to a maximum of 22 seconds.
Initially, discrepancies were identified in the sampling sizes across the sound files, leading to
conflicts during the training phase. These inconsistencies were subsequently rectified during
pre-processing, ensuring uniformity across the dataset and streamlining the training process.
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3.2. Model

The Wav2Vec 2.0 model serves as a comprehensive architecture for speech recognition
tasks. It incorporates a multi-layer convolutional feature encoder, which ingests raw audio
input and produces latent speech representations. These representations are then fed to a
Transformer that develops context-aware encodings capturing information from the entire
sequence. A unique aspect of Wav2Vec 2.0 lies in its use of a quantization module, which
discretizes the feature encoder’s output into a finite set of speech representations using product
quantization. This model has the capability to capture dependencies over the entire sequence
of latent representations end-to-end, providing robust speech recognition capabilities. The
design of the Wav2Vec 2.0 model facilitates efficient processing of raw audio data, successfully
capturing important features of the speech that prove beneficial for a range of downstream tasks.

3.3. Fine Tuning

Wav2Vec 2.0 offers numerous pre-trained checkpoints for fine-tuning, including
a multilingual variant, XLSR, trained across 56,000 hours and 53 languages. For
our Arabic syllable recognition task, we fine-tuned this model by minimizing the
Connectionist Temporal Classification (CTC) loss, enhancing the model’s effectiveness.
During the fine-tuning process, we employed a specially tailored vocabulary from our text
data, consisting of 3086 tokens representing the unique syllables in the dataset, including
padding, unknown, and word delimiter tokens. This vocabulary effectively encapsulates
the diverse elements of the speech data. We utilized the wav2vec tokenizer and feature
extractor to process the data. The tokenizer converted our data into a token format
interpretable by the wav2vec model, while the feature extractor transformed the raw audio
data into suitable features for the model’s input. Notably, the first component of XLSR, a
stack of Convolution Neural Networks (CNN) layers for extracting acoustically meaningful
but contextually independent features, required no further fine-tuning. This combination
of a custom vocabulary and wav2vec-specific tools, alongside effective pre-training
utilization, facilitated efficient fine-tuning of the model for Arabic syllable recognition.
To bolster the model’s robustness and generalization capabilities during fine-tuning, we
incorporated data augmentation techniques. These techniques included Gaussian Noise
injection with an amplitude range of 0.001 to 0.012, Time Stretch with a rate between 0.8 and
1.25, and Pitch Shift with semitone alteration ranging from -4 to 4.

The fine-tuning was conducted under the following hyper parameters:
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Table 2: used hyper parameters.

Hyperparameter | Value
Space augment True
Attention Dropout 0.001
Hidden Dropout 0.008
Feature Proj Dropout 0.0
Mask Time Prob 0.1
Layerdrop 0.0001
Per Device Train Batch Size 2
Gradient Accumulation Steps 8
Num Train Epochs 20
Learning Rate 1e-5
Eval Steps 500

The combination of effective utilization of pre-training, strategic data augmentation, and
carefully selected hyper parameters, enabled efficient fine-tuning of the model for Arabic

syllable recognition.

3.4. Language models and decoding

Our system incorporates a 5-gram language model (LM) trained on our training transcriptions
as well as a large corpus of specifically curated Arabic syllables. This strategy enables effective
capture of the statistical properties of Arabic syllable sequences, which is crucial for our task.
The hyper parameters for the language model were optimized based on the performance
on our validation set. For the test performance measurement, we employed a beam search
decoder with a beam size of 1500, ensuring a comprehensive search over potential outputs.

4. Results

Our model was evaluated under various conditions, as shown in Table 3, to investigate the
impact of different components and conditions on its performance.
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Table 3: Experiments results

Experiment | WER
Model without Data Augmentation 0.175
Model with Data Augmentation 0.125
Model without 5-gram Language Model (LM) 0.125
Model with 5-gram Language Model (LM) 0.066

The use of data augmentation techniques significantly improved performance, with the Word
Error Rate (WER) decreasing from 0.175 to 0.125. Furthermore, the incorporation of the 5-gram
Language Model (LM) resulted in a further reduction of the WER to 0.066. The evaluation of the
model’s performance on text with and without Tashkeel provides insight into the model’s ability
to handle Arabic text in different forms.

Our final model, which incorporates data augmentation techniques and the 5-gram
Language Model (LM), was evaluated under various conditions, as shown in Table 4.

Table 4: Results with different metrics

Metric | With Tashkeel | Without Tashkeel
WER 0.06624 0.05959
CER * 0.03044 0.03994
MER 0.06577 0.05916
WIL 0.11201 0.09928
WIP 0.88798 0.90071

*Notice for CER: With Tashkeel, CER count the letter with Tashkeel as one character

In this table, WER stands for Word Error Rate, CER for Character Error Rate, MER for
Match Error Rate, WIL for Word Information Lost, and WIP for Word Information Preserved.
The results suggest that our model performs effectively in Arabic syllable recognition regardless
of the presence or absence of Tashkeel.
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Below are samples transcription based on test set:

Table 5: transcription sample

Reference ‘ Prediction

5. Discussion

This work presents an effective approach to syllable-based Arabic speech recognition
using a model that incorporates data augmentation techniques and a 5-gram language model.
However, two key points emerge for future enhancements:

Dataset Errors: The Arabic News Corpus, prepared via automated software, contains
an estimated 3% error rate. Refining this process could improve data accuracy and
potentially enhance model performance.

Language Model Complexity: While our 5-gram language model contributed
significantly to performance, it is conceivable that a more complex model, such as a
transformer-based one, could yield improved results with an increased data volume.

In order to showcase the competitiveness of our approach, we conducted a further
comparison with existing models. Specifically, we assessed the performance of our two-step
model, employing the wav2vec model and a 5-gram language model for syllable recognition,
followed by the mT5 model for syllable-to-word conversion. This was compared with Google’s
API, which offers a direct speech-to-text conversion service. For a fair omparison, we evaluated
both systems on the first 100 audio samples from the test split of the Common Voice Arabic
dataset (“common_voice - Datasets at Hugging Face”). This comparison is done without
Tashkeel, so it can give a better indication relative to Google APl. The mT5 model is a
highly versatile pre-trained text-to-text transformer with extensive multilingual capabilities.
This model is essentially a multilingual adaptation of T5, having undergone pre-training on
a dataset encompassing 101 languages. Consequently, it is a commendable choice for text-
to-text tasks. The mT5- -small model achieved accuracy for the Arabic Language reaching

65.2% (Xue et al., 2020).
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Table 6: Comparison with Google API.

metric | Our pipeline | Google API
WER 0.412 0.459
CER 0.135 0.127
MER 0.409 0.446
wil 0.630 0.680
wip 0.369 0.319

Despite training on a significantly smaller dataset of approximately 15 hours of speech,
our model outperforms Google’s API in key metrics such as WER, MER, and WIP. However,
Google’s API shows marginally better CER, areas our model could potentially improve upon.
The disparity in training data highlights our model’s potential and efficiency, suggesting further

enhancements with larger, more diverse training datasets.

To foster transparency and reproducibility in research, our models are publicly available
on the Hugging Face model hub. The model trained with a 5-gram language model can be
accessed with the Syllables to text model in the last two references.

6. Conclusion

We introduce a groundbreaking approach to Arabic speech recognition by seamlessly
integrating three fundamental elements: syllable-based segmentation,a robust 5-gram language
model, and the cutting-edge Wav2Vec-2 architecture. Our work, founded on meticulous
experimentation and rigorous evaluation, showcases the unparalleled effectiveness of this

innovative method.

Syllable-based segmentation serves as the cornerstone of our approach, allowing us to
navigate the intricate morphological structure of the Arabic language. By capturing nuanced
phonetic details, this approach substantially enhances recognition accuracy, opening avenues
for the creation of more reliable and practical Arabic speech recognition systems.

In addition, the seamless integration of a 5-gram language model significantly enhances our
system’s ability to handle the complex nuances present in Arabic. Addressing word-level variations
and contextual dependencies, this linguistic modelling elevates overall system performance,

ensuring precise recognition even in the most challenging linguistic scenarios.



.,
B A \\*‘b 4 :C;,f e’ ‘
m L 0 & (A '}
s aS i | S T N ’J

Journal of Computational Linguistics & Arabic Language Processing

The adoption of the Wav2Vec-2 architecture as our acoustic model further fortifies the
system’s resilience. Leveraging unsupervised pre-training on extensive, unlabelled speech data
and fine-tuning on meticulously curated labelled datasets tailored for Arabic speech recognition,
our system acquires robust acoustic representations. These representations empower the
system to adeptly handle variations in pronunciation and ambient noise, ensuring reliability

across diverse settings.

Our exhaustive experimentation culminated in remarkable Word Error Rates (WER) of 0.06624
with Tashkeel and 0.05959 without Tashkeel, underscoring the exceptional performance and reliability
of our proposed approach.

To conclude, our paper’s contributions are dual-fold: introducing a novel methodology
harnessing the innate power of Arabic syllables, a resilient 5-gram language model, and the
state-of-the-art Wav2Vec-2 architecture for speech recognition and validating its efficacy through
comprehensive evaluation. We firmly believe that this research will catalyse a transformative
shift in Arabic speech recognition, inspiring further advancements in the development of robust,
accurate systems not only for Arabic but also for other complex languages.
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