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ABSTRACT

Background: Over the past few decades, one of the most common issues has been visual
impairments. People with visual impairments typically ask for assistance from others in order
to continue performing their everyday responsibilities. They struggle to function in
unpredictable or strange circumstances. These difficulties restrict their freedom and increase the
disparity between them and others who are typically sighted.

Objectives: This research seeks to bridge the gap by producing a real-time speech-to-text
pipeline tightly integrated with accurate digital text-to-Braille patterns and low-cost tactile rende
Methods: This study uses a three-phase methodology: first, speech recognition uses Google's
Speech API to record Gujarati audio input and translate it into text. Based on the input speech,
a text processing module then prepares and cleans the recognized Gujarati script. Lastly, each
Gujarati character is mapped to its Bharati Braille Unicode equivalent via the Braille translation
module, producing usable Braille output for persons with visual impairments.

Result Discussion : Using one, two, and three-word Gujarati sentences, the experimental
evaluation was carried out independently for male and female speakers. The overall recognition
accuracy was 88.57%. For brief Gujarati utterances, male participants obtained 100%, 83.33%,
and 80% accuracy, whereas female participants achieved 100%, 83.33%, and 83.33%,

respectively...

Keywords: Braille Transliteration, Bharati Braille, Automatic Speech Recognition (ASR),
ndian Languages, Speech-to-Braille.

1. INTRODUCTION:

The number of blind or visually impaired persons is
increasing daily, according to data from the World Health
Organization (WHO). According to the Who Report, there
are an average of 285 million visually impaired persons,
of which 217 million have limited vision and 39 million
are blind.[1]

1.1 About Braille

The tactile phonetic alphabet system known as Braille was
developed in the early 1800s by blind teacher ‘Louis
Braille’.
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[Figure 1 — Braille Symbol Structure]
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Figure 1 illustrates how Braille creates letters, symbols, or
contractions using a "cell" of six potential raised dots that
are two columns wide by three rows tall.[6] Uncontracted
braille, also known as alphabetic braille or Grade 1 braille,
and contracted braille, also known as standard braille or
Grade 2 braille, are the two primary types of braille. Each
sign in Grade 1 Braille is used for beginners and
represents one letter, whereas Grade 2 Braille is used for
rapid reading and writing. [2].

India is a multilingual nation. Hindi, Marathi, Bangla,
Punjabi, Rajasthani, Assamese, Gujarati, and other
languages make up the family of 22 languages that make
up India.[3] Vowels and consonants make up the vast
character sets of these languages.[8] Gujarati is one of the
many Indian languages that are derived from Devnagari
scripts. The Gujarati alphabet consists mostly of 59
characters and 16 diacritical marks. Thirteen vowels, ten
numerical digits, and thirty-six consonants make up these
59 characters. The consonants are referred to as "Vyanjan"
and the vowels as "Swar."

Vowel List (RcR): Thirteen vowels make up the Gujarati
alphabet: ", AL, 8, €, G, G, =, A, 3, 3, A, A, 2,
Q}n> Q}n> Q’n! Q’n! Q}n.i u:i u!"

Consonant List (cl%el): According to Table 1, there are

36 consonants in Gujarati alphabets out of 59 characters.
These are as follows.
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[Table — 1 List of Gujarati Consonants]

S{WH| | L[S |A|Y || B|A|ec|6|S

alul|dlale|u|ad|U|s |o]|e|U|laA

R|d|d|A( M |H|e|0n|éa]|s

Gujarati Numbers (1) List: Table 2 lists the specific
numerical symbols used in the Gujarati language.
[Table — 2 List of Gujarati Numbers]

0 1 2 3 4 5 6 7 8 9

0 1 R 3 ¥ |4 S |9 | ¢ ¢

In Gujarati, each vowel has an own set of modifier
symbols called "Maatras," which are applied to
consonants to change how they are pronounced. Table 3
is a list of Gujarati matraas.

[Table — 3 List of Gujarati Matraas]

Vowel Matra Example Pronunciation
(RAR) | (M2 | with &
U — (o |s ka
matra)
AL <l sl kaa
® @ & ki
3) | 8l kee
6 2 § ku
& 3 $ koo
e @ $ kri
| 2 3 ke
3 3 kai
| A sl ko
Al al sl kau
A & & kam (nasal)
A &Y §: kah (visarga
sound)

The Bharati Braille system, a uniform code for Indian
languages, is the foundation of Gujarati Braille. Hindi

"®" and Gujarati "8" have the same Braille design. The
National Institute for the Visually Handicapped (NIVH),

Dehradun, and the Indian government have officially
standardized Bharati Braille as the standard Braille system

same for all Indian languages that utilize characters
identical to Devanagari, such as Hindi, Marathi, Gujarati,
etc.[5]

[Table -4 Braille Dots used for Gujarati ¥R (Vowels)]

Gujarati | Dots Braille Symbol

U 1

3l 1-3

S 1-2

g 2-4

G 1-3-6

O 1-6

» 1-2-3-5

Ul 1-2-6
2-4-5

3l 1-3-5

Al 1-3-5-6

3 4-6 (nasal)

U: 2-5-6

Braille structure dots can be used to represent Gujarati
characters.[4] The dot number displayed in Table 4
represents the Gujarati vowels. The same holds true for
Gujarati consonants, which are displayed in Table 5.

[Table -5 Braille Dots used for Gujarati c%el

(Consonants)]

\Gujarati Letter Dots Used Braille Symbol
E 1

W 1-3

al 1-2

Y 1-2-4

S 1-2-4-5

A 1-5

&9 1-5-6

for Indian langnages It ensures that the Rraille code is the
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Halant (<3) 4
Anusvara () 4-6
Visarga () 2-5-6
Comma 2
Full stop 2-5-6
Question mark 2-3-6

Braille structure dots can be used to represent Gujarati
numbers are displayed in Table 6.

[Table -6 Braille Representation using Dots for Gujarati
Numbers (¥15)]

Gujarati Digit | Braille Representation | Dots (after .%)
0 R 2-4-5

1 1

R 1-2

3 1-4

¥ kAt 1-4-5
U RS 1-5

S 1-2-4
9 R 1-2-4-5
¢ 1-2-5
¢ g 2-4

o 2-4
% 2-4-5

A 1-2-4-6
2 2-3-4

6 2-3-4-6
s 1-4-5

3 1-4-5-6
d 2-3-5

) 1-2-3-6

€ 1-4-5

o 1-4-6

ol 1-3-4-5

u 1-2-3-4

§ 1-2-3-4-6
o 1-2

o 1-2-4

" 1-3-4

A 1-3-4-5-6
2 1-2-3-5

el 1-2-3

d 1-2-3-6

al 1-4

Y 1-4-6

A 2-3-4

& 1-2-5

&l ]

s ]

A ]

2. Design Methodology

Gujarati voice is converted to text using algorithmic
procedures, which are then translated into Braille. The
aforementioned tables list Braille characters for the
Gujarati language that include vowels, consonants,
‘matraas’, and numerical digits according to American
Grade O standard Braille translation guidelines. In
Gujarati, there are no such capital letters.[8] Algorithm
steps are described in a number of steps, including:

Step — 1 Speech Recognition Layer

&

[Figure 2 — Speech-to-Text conversion]
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Above figure — 2 demonstrate that input can be
categorized as either take speech at runtime or gathered
pre-recorded different audio datasets, including lecture
recordings, classroom Q&A, public announcements, and
conversational speech as a corpus. Analogue signals are
transformed to digital signals after speech input.

Speech .|||.|||||||.

I Pre-processing H Features extraction '
[ Language model H Classification )—‘Recognized text

[Figure 3 — Speech-to-text conversion process]

Figure — 3 explains the various process used to transform
speech to text. The.wav (Waveform) extension is used to
save the prerecorded speech. Spoken words are first
recorded using a microphone, and the input is analog
audio impulses that need to be processed before
comprehension. Pre-processing of analogue signals
comprises volume control, noise reduction (i.e.,
eliminating background noise), silence removal (i.e.,
disregarding silent portions), and segmenting continuous
speech into short connected frames.[7]

MFCC (Mel Frequency Cepstral Coefficients), LPCC
(Linear  Predictive  Cepstral  Coefficients), and
Spectrogram or Mel-Spectrogram features are common
features that are obtained by pre-processing the analogue
signals and converting the speech waveform into a set of
numerical features that represent speech characteristics.

Language models are employed for contextual
understanding to improve recognition accuracy once the
features have been extracted. If two words sound similar,
N-gram, RNN, and LSTM can be used. The features can
be classified into text symbols using the Hidden Markov
Model and Convolutional Neural Network. The spoken
words are transformed into text as the final product. These
identified terms can be applied to additional transliteration
tasks.

Step — 2 Transliteration Layer

Transliteration
%\@ :
§ [ X ]
Q)
an
Text Recognized Translated Braille

[Figure 4 — Text-to=Braille translation]

Gujarati text is taken from the speech after input voice is
transformed to text using the Google Speech Recognition

Step — 3 Output Generation Layer

Each Gujarati letter is represented by a 6-dot binary code
in the extracted text that has been translated to Braille.
Braille symbols can be used to display the generated
braille output on the screen once each character has been
converted into a 6-dot pattern.

3. Experimental Setup and Result Discussion

The Python programming language environment is
utilized to implement Speech-to-Text-to-Braille. To
translate spoken Gujarati words into text, import the
Speech Recognition library. Google's Speech API is
utilized for precise multilingual identification. The
"pyaudio” module is used to record the audio from the
microphone.

Every Gujarati alphabet is mapped to its equivalent Braille
using the Bharati Braille standard.[6] A dictionary
featuring the Gujarati alphabet and its transliteration into
Braille is kept up to date. The software uses this dictionary
to determine the Braille equivalent of a Gujarati letter.
Additionally, the code will show the default placeholder
if any characters are not mapped.

Following the creation of a braille dictionary, a
microphone is utilized as an input source and a recognizer
object is constructed to handle speech input. When the
program asks the user to talk in Gujarati, input will be
recorded.

The Gujarati language code (gu-IN) will be used to send
the recorded audio to the Google Speech Recognition
API. The identified text is returned in Gujarati script by
this Google Speech Recognition API. The recognized text
will then be translated into Braille. When an Internet
connection fails or the voice is unclear, the exception
handler mechanism will handle the exception.

A dictionary is used to map recognized text to the
appropriate Braille symbols for each character. The final
output will be a string that is created by concatenating all
recognized braille characters. The output for the following
sample data will be produced after the aforementioned
processes are finished

[Table -7 Sample Data corpus for One Word, Two Words,
and Three Words]

One word Two Words Three Words

S |ol% |Eng | S |9% | Eng |S |9]% | Eng

r lish |r lish |r lish
N Al Mea | N 2 Mea | N 2 Mea
o | AGE | ning | 0 dl ning | o dl ning
] ]
(23 (23

1 |eus |Brot |1 |tlA|Spe |1 |§¢ I

API. For transli.teration, use Bharat.i braille.mapping rules h her 2 ak will
based on Unicode. Every Indian script has been SB a o slo AW o
standardized to a single representation. Braille Unicode is D) A wly ol to
created from the extracted text. scho
ol
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L'13)
al

2 | ol@el | Sist [2 |l |Pay |2 || |1

er atte nee
g?l)a h ot ntio w d
AL n Qﬂ wat
ul RN | T
|
3 well{Wat |3 |w |Drin|3 |W |Dad
Pani | ol k wy |8
) wat wor
Wl |er sld | king
al §2
4 | vl | Foo |4 | €R | Ope |4 g |
d n lear
J
5 A door 1% n
(Kho o A | Gyj
rak) Wl dl arati
A all
Y
504d |[Sun |5 Al |Let’ |5]§ I
(Sir A S g0 o w;ll
ya) =
£'13) %¢ | hom
A a | €
6 |ds |[Mo |6 |sH [Do |6 |au | Let
(Cha on 3\ kwor a fogo
ndra) 6%l | mar
2 ket
£'13)
A

[Figure — 5 Gender-wise Single Word Speech-to-text into
Braille transliteration]

: Wil dlal

[Figure — 6 Gender-wise two words Speech-to-text into
Braille transliteration]

Hel wigll 216

[Figure — 7 Gender-wise three words Speech-to-text into
Braille transliteration]

According to the experimental setting described in above
figure-5,6, and 7, gender-wise input is collected for
testing. Gujarati one-word, two-words, and three-words
sentences must be spoken by both men and women.

GENDERWISE PERFORMANCE ANALYSIS OF SPEECH-TO-TEXT-TO-BRAILLE

Three Words 83.33333333

Two-Words $3.33333333

One word 100

Three Words 80

Two-Words 83.33333333

One word 100

0 20 a0 60 80 100 120
PERFORMANCE

u Accuracy

[Figure — 8 Performance analysis of Speech-to-text into
Braille transliteration gender-wise]

Figure — 8 shows the identification of proper and incorrect
speech, the accuracy is 100%, 83.33%, and 80% for one,
two, and three words, respectively, for the male group and
100%, 83.33%, and 83.33% for one, two, and three words,
respectively, for the female category. 88.57%
performance accuracy was attained overall.

4. Challenges of the Proposed Work

The characters in Braille are made up of cells, each of
which has six dots. It is therefore possible to write 64
characters in total. Gujarati has seventy-five characters.

In Gujarati, some characters are identical. Some
presumptions are made, such as the idea that the digits 0—
9 correspond to specific vowels or consonants.

In Braille, several Gujarati characters are written as a
combination of many characters
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The way words are constructed in Braille depends on how
they are pronounced. It is pronounced precisely as it is
spelt.

The meaning of the text might change if the above-
described issues are fixed.

At the moment, this system relies on Google's online
Speech Recognition API, which necessitates a reliable
internet connection.

Background noise and gender-specific accent differences
in Gujarati pronunciation can affect recognition accuracy.

Punctuation rules and complex conjuncts (&, &, ) are

not yet included in the Braille mapping, which primarily
covers basic letters and matras.

5. Conclusion

Visually challenged people can access digital information
through tactile reading thanks to the Gujarati Speech-to-
Text-to-Braille System, which offers an effective way to
translate spoken Gujarati language into Braille text.[5]
Using Python and Google's speech recognition API, the
system combines three main stages: text processing,
speech recognition, and Bharati Braille translation.

According to experimental findings, the system correctly
recognizes Gujarati speech and uses a pre-established
Unicode mapping to translate it into Braille using
dictionary approach. Other Indian languages that adhere
to the Bharati Braille standard can be readily added
because to the modular design, which guarantees
flexibility.
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