International Journal of Modern Research in Engineering and Technology (IJMRET)
www.iimret.ora Volume 8 Issue 10 | December 2023.

Exploring the Landscape of Punjabi to Bharati Braille
Translation: A Comprehensive Examination of Challenges
and Prospects

Harshita Samota®, Dr. Nisheeth Joshi?

! (Department of Computer science, BanasthaliVidyapith, Niwai, Tonk, India)
2 (Center for Artificial Intelligence, BanasthaliVidyapith, Niwai, Tonk, India)

ABSTRACT:The intricate process of translating Punjabi text into Bharati Braille presents a multifaceted
landscape characterized by numerous challenges and promising opportunities. This study undertakes a rigorous
exploration of this translation endeavor, aiming to provide a comprehensive understanding of the complexities
involved. The challenges encountered in translating Punjabi to Bharati Braille are multifaceted, encompassing
linguistic nuances, script variations, and the inherent structure of Braille representation. Language-specific
idiosyncrasies in Punjabi pose unique hurdles, requiring a nuanced approach to maintain semantic integrity
during the translation process. Additionally, variations in the script and writing systems demand careful
consideration to ensure accurate and coherent Braille representation. Amidst these challenges, the study
identifies promising prospects and opportunities that contribute to the advancement of Punjabi to Bharati
Braille translation. Technological advancements, including machine learning and natural language processing,
offer avenues for automation and enhanced efficiency in the translation process. Collaboration between
linguists, technologists, and the visually impaired community emerges as a key opportunity to refine and tailor
the translation process to meet diverse needs. Furthermore, the study explores the social and cultural
implications of effective Punjabi to Bharati Braille translation, emphasizing the potential for increased
accessibility and inclusion for the visually impaired Punjabi-speaking population. The research envisions a
future where advancements in translation methodologies and technologies converge to bridge the accessibility
gap, fostering a more inclusive linguistic landscape for individuals with visual impairments. In conclusion, this
comprehensive examination sheds light on the intricate dynamics of translating Punjabi to Bharati Braille,
offering insights into the challenges faced and the promising opportunities that pave the way for a more
accessible and inclusive linguistic environment.
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. INTRODUCTION
India, renowned for its diverse linguistic landscape,
presents distinct challenges and opportunities in the
realm of accessibility for individuals with visual
impairments. Amidst the plethora of languages
spoken in the subcontinent, Punjabi occupies a
pivotal cultural and historical position. Characterized

accessible to the visually impaired. However, the
translation of Punjabi script into Bharati Braille
remains an underexplored subject, despite its critical
significance in ensuring unbiased access to
education, literature, and information for the visually
impaired Punjabi-speaking populace. The intricacies
stem from the distinctive features of the Punjabi

by a unique script and diverse dialects, the translation
of Punjabi into Bharati Braille necessitates
meticulous consideration due to inherent linguistic
intricacies and cultural subtleties. Bharati Braille,
specifically tailored for Indian languages, serves as a
pivotal conduit for rendering written information
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script, encompassing the Gurmukhi script and its
variations shaped by historical, regional, and cultural
influences. Bridging the gap between the written
Punjabi language and its tactile representation in
Bharati Braille demands a nuanced understanding of
these complexities. Moreover, the ever-evolving
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landscape of assistive technologies and machine
learning introduces both challenges and opportunities
in enhancing the precision and efficiency of Punjabi
to Bharati Braille translation. In the era of advancing
digital inclusivity, it becomes imperative to address
these challenges and harness emerging technologies
for the betterment of the visually impaired
community. This comprehensive review endeavors to
dissect the multifaceted challenges and opportunities
inherent in the translation process from Punjabi to
Bharati Braille. Its primary objective is to contribute
to the overarching discourse on language
accessibility, cultural inclusivity, and technological
innovation, specifically within the context of Punjabi
and Bharati Braille. Through a meticulous
exploration of linguistic, cultural, and technological
dimensions, this research aims to illuminate the
trajectory towards a more inclusive and accessible
future for visually impaired individuals within the
Punjabi-speaking community.

I1.  Literature Review

Antarpreet et al. (2010) addressed the absence of
Optical Character Recognition (OCR) systems
tailored specifically for the Gurmukhi script, which
is used to write the Punjabi language in northern
India. It noted that while numerous OCR systems
existed in the market, the majority primarily catered
to foreign languages, resulting in limited
documentation on Gurmukhi script OCR. The paper
underscored the significance of the segmentation
process in OCR systems and highlighted how its
accuracy played a pivotal role in determining the
system's overall success or failure.

Ankit et al. (2012) presented an efficient method for
script identification in printed documents, focusing
on Kannada, English, and Hindi text words.
Horizontal and vertical projection profiles were
utilized, eliminating the need for character
segmentation and operating at the word level. The
system achieved impressive classification rates of
98.25% for Kannada, 99.25% for English, and
98.87% for Hindi in tests on 100 document images
with over 1000 text words for each script. The
overall accuracy was reported as 98.792. The paper
addressed accuracy challenges in text line-level
script identification by employing word-level
segmentation  through dilation and erosion
techniques. The proposed technique was tested on
documents from Karnataka and Uttar Pradesh,
emphasizing Kannada, English, and Hindi scripts.
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Tejinder et al. (2012) explored the presence of two
scripts, Shahmukhi and Gurmukhi, for the Punjabi
language, leading to a script barrier between Punjabi
literature in India and Pakistan. It underscored that
over 60% of medieval Punjabi literature was in
Shahmukhi script, while contemporary Punjabi
writings predominantly used Gurmukhi. Highlighting
the necessity for a transliteration system between
Shahmukhi and Gurmukhi, the paper aimed to
overcome the script barrier and benefit the entire
Punjabi community. It noted that the Gurmukhi
script, originating from the Sharada script and
standardized by Guru Angad Dev in the 16th century,
was specifically designed for expressing Punjabi.
The paper delved into transliteration challenges, such
as vowel-consonant mapping between the two
scripts, proposing solutions such as refining the
dictionary and phonetic code generation rules to
minimize these challenges.

Sharvari et al. (2016) introduced the Devanagari
script, which was utilized by over 300 million people
in India, primarily in languages such as Marathi and
Hindi. It posed a more intricate challenge for
lemmatization compared to English, with complexity
arising from the abundance of morphemes and the
prevalence of suffixes within the script. The dearth of
resources like WordNet, ontology representation, and
parsing tools specific to the Devanagari script
intensified the difficulty of information retrieval,
making it both challenging and time-consuming. To
address these issues, the paper proposed a novel
method for extracting root words from Devanagari
script documents. This approach aimed to enhance
various applications, including information retrieval,
text summarization, text categorization, and ontology
building. The authors developed a Morphological
Analyzer tailored for the Devanagari script,
demonstrating its effectiveness through testing on
Marathi documents, achieving an accuracy rate of up
to 96%.

Muskaan et al. (2019) explored the development of
computational models in  Natural Language
Processing (NLP) through the application of
statistical learning and deep learning methodologies.
Emphasizing the significance of Machine Translation
(MT) in enhancing accessibility to information
across various natural languages, the study
particularly underscored the role of Sanskrit as a
pivotal "donor" language in India. They proposed a
Deep Neural-based MT system for translating
Sanskrit to Hindi and conducted a comparative

Page 10



International Journal of Modern Research in Engineering and Technology (IJMRET)
www.iimret.ora Volume 8 Issue 10 | December 2023.

analysis with a statistical baseline system. The results
highlighted the superior performance of the neural-
based model, affirming its effectiveness compared to
traditional statistical methods.

Kamal et al. (2021) explored Machine Translation
(MT) over several decades, initiating with simple
word-to-word replacement and progressing to
statistical-based machine translation (SBMT) using
parallel corpora. In recent years, the development of
MT systems has witnessed the application of deep
learning, including artificial neural network-based
machine translation (ANMT) systems. The ANMT
system proposed in their paper focused on translating
Punjabi to English, utilizing a parallel Punjabi-
English  corpus for training. The system's
performance was assessed using the BLEU score,
which gauged the similarity between the machine-
translated output and human translations. Three
models for the Punjabi to English NMT system were
developed, each yielding varying BLEU scores for
different sentence lengths: model 1 (36.98 for
smaller sentences, 34.38 for medium sentences, and
24,51 for large sentences), model 2 (36.62 for
smaller sentences, 35.51 for medium sentences, and
26.61 for large sentences), and model 3 (60.68 for
smaller sentences, 39.22 for medium sentences, and
26.38 for large sentences).

Joshi et al. (2022) addressed the scarcity of resources
for transcribing textual material into Braille,
specifically Bharati Braille. It introduced a hybrid
machine-assisted translation system capable of
translating English text into Bharati Braille. The
system's performance was assessed using standard
machine translation evaluation metrics, revealing
promising results. It demonstrated good translations
for simple sentences and achieved above-average
translations for complex sentences.

Vishvajit et al. (2023) introduced the SAHAAYAK
2023 corpus, a substantial bilingual parallel corpus of
Sanskrit-Hindi comprising 1.5 million sentence pairs.
This corpus was carefully curated with data spanning
diverse domains, such as News, Daily conversations,
Politics, History, Sport, and Ancient Indian
Literature, ensuring its balance and applicability in
various contexts. The development strategy for the
corpus encompassed a three-step mining process:
extraction from machine-readable sources, retrieval
from non-machine-readable sources, and collation
from existing corpora sources. Subsequent to the
mining phase, a dedicated pipeline was implemented
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for normalization, alignment, and corpus cleaning.
These steps aimed to prepare the corpus for seamless
integration into machine translation algorithms.

Nandini et al. (2023) introduced Sanskrit, considered
"the gods' language,” holding a significant historical
position as one of the earliest native languages and
prominently featured in Indian religious literature.
India boasted a diverse linguistic landscape, with
Sanskrit being one of the 29 primary languages and
serving as the mother tongue for nearly all Indian
languages. The translation of Sanskrit into other
dialects became imperative, especially for crucial
works like the Vedas and epics, which possessed the
transformative potential to impact people's lives. The
implementation of machine translation systems for
Sanskrit posed challenges due to the language's
morphologically complex features and the necessity
for labor-intensive, challenging-to-extend dictionary
or rule-based techniques.

Shaveta et al. (2023) delved into the application of
Natural Language Processing (NLP) in machine
translation, specifically targeting the Gurmukhi script
utilized in Punjabi. Despite its global usage by over
1.5 hillion native speakers, Gurmukhi suffered from
a lack of ample research. The study employed
machine learning and Al to translate Gurmukhi into
Hindi and English, aiming for precise and seamless
regional language translation. This research had
significant potential to enhance information
exchange and knowledge accessibility for speakers
of various languages.

1. Existing Challenges in Punjabi to Bharati
Braille Translation

3.1 Lack of Standardization in Punjabi Script
3.1.1 Diversity in Writing Styles

Diversity in writing styles" refers to the range of
distinct and varied ways in which the Punjabi script
is utilized by different writers and communities. In
the context of Punjabi script standardization
challenges; this diversity implies that there is no
uniform or consistent approach to writing in Punjabi.
Various individuals, regions, or cultural groups may
employ different conventions, structures, or nuances
in their written expression of Punjabi.This lack of a
standardized writing style can pose difficulties for
transliteration ~ and  translation  efforts, as
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inconsistencies in how Punjabi is written may lead to
ambiguity  or misinterpretation. Achieving
standardization would involve establishing agreed-
upon guidelines and conventions for writing Punjabi
to enhance clarity and ensure a uniform
representation of the language across different
contexts.

3.1.2 Absence of Uniform Transcription Guidelines

The "absence of uniform transcription guidelines”
refers to the lack of standardized rules and
conventions for converting Punjabi language content
into a written form, particularly in situations where
transcription is needed. In the context of Punjabi
script  standardization challenges, this absence
implies that there are no universally accepted
guidelines dictating how Punjabi should be
transcribed, leading to variability in the
representation of the language. Without uniform
transcription  guidelines,  different individuals,
organizations, or regions may adopt disparate
methods for transcribing Punjabi, resulting in
inconsistency and potential confusion. Standardized
guidelines would provide a clear framework for
accurately representing Punjabi pronunciation and
linguistic features in written form, facilitating better
communication, transliteration, and translation
efforts. Establishing such guidelines becomes crucial
for promoting consistency and accuracy in the
transcription of Punjabi across various applications
and contexts.

3.2 Complexities in Transliteration Rules
3.2.1 Inconsistencies across Punjabi Dialects

"Inconsistencies across Punjabi dialects" refers to
variations and discrepancies that exist in the spoken
and written forms of Punjabi across different regional
dialects. Punjabi is spoken in various regions, and
each region may have its own distinct dialect with
differences in vocabulary, pronunciation, grammar,
and linguistic features. These inconsistencies can
pose challenges for transliteration and translation
efforts, as a standardized representation may not
fully capture the nuances of each dialect. Translating
content between different Punjabi dialects requires
an understanding of these variations to ensure
accurate and culturally sensitive communication.
Addressing inconsistencies across Punjabi dialects
involves acknowledging the linguistic diversity
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within  the Punjabi-speaking community and
developing transliteration and translation approaches
that can accommodate these variations to enhance
linguistic accuracy and cultural relevance.

3.2.2 Vowel and Consonant Mapping Challenges

"Vowel and consonant mapping challenges™ refer to
the difficulties encountered when establishing a
consistent correspondence between vowels and
consonants in the Punjabi script, particularly during
transliteration or translation processes. Punjabi, like
many languages, has a set of vowels and consonants,
each with specific phonetic representations. The
challenges arise due to the inherent complexities in
mapping these phonetic elements accurately,
especially when moving between scripts or linguistic
systems. Vowel and consonant sounds may not
always have a one-to-one match in different scripts
or dialects, leading to potential confusion or loss of
linguistic nuances. Addressing vowel and consonant
mapping challenges involves developing precise
transliteration rules and techniques that accurately
capture the phonetic characteristics of Punjabi. This
is crucial for maintaining linguistic fidelity during
the translation process and ensuring that the
subtleties of vowel and consonant sounds are
preserved across different language representations.

3.3 Limited Resources and Tools
3.3.1 Insufficient Braille Transcription Software

"Insufficient Braille transcription software” within
the broader context of limited resources and tools
points to a scarcity or inadequacy of software
applications specifically designed for transcribing
Punjabi content into Braille. Braille transcription
software plays a crucial role in converting text from
standard scripts, such as Gurmukhi or Shahmukhi in
the case of Punjabi, into Braille, a tactile writing
system primarily used by individuals with visual
impairments.  The insufficiency of Braille
transcription software for Punjabi indicates a gap in
technological support for making Punjabi content
accessible to the visually impaired community.
Without dedicated software, the process of
transcribing Punjabi into Braille becomes manual,
time-consuming, and prone to errors. Addressing this
challenge involves the  development and
enhancement of Braille transcription  tools
specifically tailored for Punjabi, ensuring they
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support the unique characteristics of the Punjabi
script and provide an efficient and accurate means of
generating Braille content for diverse applications.

3.3.2 Scarcity of Comprehensive Punjabi-Bharati
Braille Dictionaries

"Scarcity of comprehensive Punjabi-Bharati Braille
dictionaries” points to the limited availability or
absence of detailed reference materials that provide a
comprehensive mapping between Punjabi and
Bharati Braille. In the context of Braille translation, a
dictionary serves as a fundamental resource for
establishing the correspondence between written
Punjabi text and its Braille representation. The
scarcity of such dictionaries suggests a challenge in
accessing accurate and detailed guidelines for
transcribing Punjabi into Bharati Braille. This
scarcity can hinder the development of effective
Braille translations and may result in inconsistencies
or inaccuracies in the Braille representation of
Punjabi content.To address this challenge, efforts
should be directed towards the creation of
comprehensive Punjabi-Bharati Braille dictionaries.
These dictionaries should cover the linguistic
nuances of Punjabi and provide clear guidelines for
transcribing  Punjabi  characters, words, and
expressions into Bharati Braille, promoting accuracy
and consistency in Braille translations for the Punjabi
language.

IV.  Technological Advancements and
Innovations:

In recent years, substantial advancements in Punjabi
to Bharti Braille machine translation have profoundly
impacted accessibility for the blind or visually
impaired  Punjabi-speaking community. These
innovations  prioritize improving usability and
inclusivity in Braille technology.Braille translation
systems has opened avenues for visually impaired
individuals, enabling the conversion of Punjabi text
into Bharti Braille. This empowers them to access
educational materials and literature in their native
language, with reported accuracy rates reaching up to
92.8%. Beyond meeting the specific needs of the
Punjabi-speaking community, these advancements
contribute to broader progress in enhancing
accessibility and inclusivity for individuals with
visual impairments.Machine translation evolution
extends beyond text conversion, prompting research
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into transliterating Braille characters into other
languages. Efforts recognizing Southern Indian
Braille script and developing assistive systems for
the blind display the expanding scope of Braille
technology. These advancements not only enhance
the efficiency and accuracy of Punjabi to Bharti
Braille machine translation but also spawn new
applications. For example, a web-based Punjabi to
Hindi statistical machine translation system
facilitates  language  exchange,  overcoming
communication barriers. Technical developments in
Punjabi language processing resources, including
spell checkers, grammar checkers, POS taggers,
optical character recognition systems, and machine
translation, further amplify Braille technology
capabilities in Punjabi [11].These technological
strides underscore continuous efforts by researchers
and organizations like TDIL, [T Hyderabad,
Tirthankar Dasgupta, to address communication and
accessibility gaps for visually impaired individuals in
the Punjabi-speaking community. In conclusion,
technological progress in Punjabi to Bharti Braille
machine  translation  significantly ~ enhances
accessibility, with improved accuracy and efficiency
fostering inclusivity through versatile and advanced
Braille technology tools and applications.

V. Emerging Technologies and Their Potential
Impact:

5.1.1 Braille Recognition Technologies:

Braille Recognition Technologies revolutionize
accessibility for the visually impaired, offering
options like optical braille recognition software and
tactile-based devices. These advancements convert
braille images into text, facilitating information
access. Optical braille recognition seamlessly
integrates braille documents into electronic text,
benefiting both visually impaired and sighted
individuals. Utilizing scanners, this technology
transforms braille into electronic format, enhancing
storage and accessibility [12].

5.1.2 Voice-Activated Braille Systems:

Voice-Activated Braille Systems revolutionize
accessibility for the visually impaired by scanning
and converting Braille documents into digital text.
Integrating intelligent phones, speech technology,
and Al enhances information access and environment
perception. Mobile assistive technologies like
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MoBraille and Voice Maps break barriers, while
braille notetakers, utilizing speech and braille
simultaneously, transform daily tasks. These portable
devices enable email retrieval, web access,
scheduling, braille document embossing, and
mathematical calculations. Complemented by tools
like spectacles and electronic canes, these
innovations contribute to independence and an
improved quality of life for individuals with visual
impairments, displaying the ongoing progress in
assistive technology [13].

VI. Conclusion:

In delving into Punjabi to Bharati Braille translation,
challenges surfaced, from linguistic intricacies to
technical hurdles and limited resources. However,
promising prospects emerge. Advancements in
machine translation foster hope for heightened
accuracy, while initiatives in multilingual support
and real-time integration signal a dynamic Braille
technology landscape. Case studies reveal successful
strategies, offering glimpses into positive impacts on
accessibility. Looking forward, predictions and
recommendations emphasize the ongoing need for
research and development. In conclusion, this
exploration illuminates both  obstacles and
possibilities in language and accessibility. A
continuous commitment to innovation promises an
accessible future, making Punjabi Braille an effective
bridge for the visually impaired.
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