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Abstract: Braille is the language used by visually impaired
persons. Braille language comprises of collection of Braille cells
which are embossed on a metal plate. Maintaining these bulky
metal plates and distributing them to other parts of the world is a
challenging task. This paper proposes a new technique of
trandating the Braille Cells embossed on plate to a natural
language English character which can be easily distributed over
network to make it globally accessible. Initially Braille documents
are scanned, and preprocessing techniques like adaptive
histogram and Laplacian filters are applied to augment the dots
by eliminating the noise. The existence of dot pattern in every cell
is detected with a Threshold and transformed to sequence of
Binary matrix. A cell information is translated to 3x2 matrix with
binary values of 0’s and 1’s representing absence and presence of
dots in a cell. Convolutional Neural Network is used for feature
extraction and Classification and Regression Trees (CART)
classifier is utilized for recognize the character.

Keywords: Adaptive histogram, Braille, CART, CNN,
CNART, Dilation, erosion, grade-1, segmentation, Threshold.

[. INTRODUCTION

Braille system used by blind people consists of raised

or embossed dots on metal plate assembled in the form of
cells. One single cell can represent total 64 various
combinations of embossed dots. Each Braille cell is
embossed by any of the combination of one to six dots,
whereas the count and place of the embossed dots contained
by a cell communicates to the user about the digit, letter,
word, or symbol which is symbolized by that cell. As and
when the abbreviations and contractions were developed due
to the needs of users, Braille system now consists of three
versions of grades, namely grade-1 braille for one-to-one
mapping, grade-2 braille for shortened-word mapping and
grade-3 Braille for personalized convenience [2].

e Grade-1lBraille

The Grade-1 system of braille, the arrangement of dots
within a cell maps letter-by-letter replacement for alphabets,
digits, or punctuations. The representation of entire words or
abbreviationsis not allowed in the grade-1 of Braille.
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Because the Grade-1 does not support for word and
abbreviations, producing books, documents or journals in
grade-1 results in bulky and huge quantity of braille plates
compared to grade-2 or printed text.

e Mapping of 6 tuplebraille cell to English alphabet

The word Braille is originated indirectly from the Latin
alphabet. According to French aphabet and its position
within the alphabetic order; the dot patterns within cell were
designated to letters with emphasized alphabets
and ‘w’ being sorted at the end [4]. The dot patterns of
Braille are mapped using the logic as shown in the table-1.

Table-1: Dots pattern mapping with various characters

The initial (three | [*J[* ][] | Dots from First row
alphabets and and first column
digits), except ‘a’
(ab,c)=(1,2,3)

three vowels (agi) | [* ][] [*] | Dotsfrom diagonal.
Even digit | [*][*][*] | right angles on
characters [+] conners.

(d f, hj)=(47¢6,

8,0)

The upper 4 dot patterns represent the initial aphabet
range (ato j) or numbers range (1-9 and 0) are exhibited in
the table-2.

Table-2: Initial 10 alphabets of Grade-1 Braille

Characters.
® O ® O [ I ] [ I ] ® O
O O ® O O (O ] (O ]
O O O O O O O O O O
aorl bor2 cor3 dor4 eorb
[ I ] [ I ] O o e o e
® O [ I ] [ ] ® O [ I ]
O O O O O O O O O O
for6 gor7 hor8 ior9 jorQ

The next range (k to t) of ten aphabetsare similar
mapped to the alphabet range (a to j); with addition of one
more dot position in last row. The remaining part of the
alphabet range (u to v and x to z except letter w) has been
added with one more dot position is shown in table-3. for
letter ‘w’, the dot is added only at position 2 of last row
instead of 1% position [10].
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Table-3: Alphabets mapping of (k to w) with respect to
Grade-1Braille.

Table-5: Grade-1 Braille Character pattern to represent
punctuation marks.

® O ® O [ I ] e o ® O
O O ® O O O o e (Ol ]
® O ® O ® O ® O ® O
k | m n 0]
[ I ] [ I ] ® O o e o e
® O [ I ] [ I ] ® O [ N ]
® O ® O ® O ® O ® O
p q r [ t
® O ® O [ I ] [ I ] ® O
O O ® O O O o e (O ]
[ I ] [ N ) [ I ] e o [ N ]
u Y, X y z
o e
[ N
o e
w

Now basic question is how to differentiate between
alphabet or a number. The English braille uses various
formatting patterns as shown in table-4.

Table-4: Grade-1 format patternsto identify number
and Capital letters.

O O o e

O O o e

o e [ I}
Capital follows Number follows

The braille cell E symbolizes that the cell follows thisg
will al be a capital character and rest all will again be the
small letters. Hence using capital sign of table-4, the
pattern D B is interpreted as upper-case letter 'B', and E H
is interpreted as the number 2, similarly the format
pattern I] D E Iﬂ is interpreted as capital 'Ant’, where only
first word is capital, and D E E isinterpreted as small case
‘ant’.

To make the whole word as capitalized, two capital signs
are used. Hence the pattern ﬁ) is interpreted as
whole word capital '"ANT'. The punctuation marks required
in English Braille uses the format pattern as shown in the
table-5. Total 12 punctuation marks that are represented
using various Braille patterns.
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o o o O o O
® O ® O O ©
o O ® O ® O
Comma(,) | Semicolon (;) Apostrophe ()
© O o O o O
[ I J [ I J ® O
(ol } ® O [ I}
Full stop(.) | Exclamation(!) | question mark (?) / open
quote ()
o o o O o e
o o o O o O
[ N ] o e
Colon () Hyphen (-) Decimal point (.)
O o [olNe] o e
(o ] [ I}
[ I ] [ N ] ® O
Closing Parenthesis ({) Slash (/)
quote ()

As an example, the sentence “l, like him!” can be

repr%ntedas“ga BH H EHEIB”.Where,E

represents “Capital follows”, |* | represents “comma” and |:.
represents “Exclamation point”.

[I. RELATED WORK

Proposed method proceeds with color image of Braille
document as an input. Initially contrast Enhancements is
used with low and high contrast along with Norma and
Adaptive Histogram Equalization which converts every
pixel using a transformation function that is obtained from
the neighborhood region. Threshold helps in identifying the
existence of the dots in every cell boundary and it is
converted to a matrix of 3x2 order with 0’s and 1’s for each
dot. Convolutional Neural Network has been used for
feature extraction and “Classification And Regression
Trees” (CART) classifier is utilized for recognize the
character [13].

The steps of proposed method are shown in figurel. The
various steps of proposed implementation are shown in
figue-1.
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Figure-1: Proposed implementation method

The algorithm for trandating the Braille cell to character is
shown below:

Input the color image taken from Kaggle website or the
Braille image input by user [2].

Preprocess the image using Adaptive histogram and
Laplacian filter.

Apply Segmentation to extract braille cell using Neural
Regression Classifier.

Feature extraction is performed using Convolutional
Neural Network.

The Classification and Regression Trees (CART)
classifier is used for recognizing the character.

In the first stage if the image is taken from Kaggle
website we need not apply preprocessing. But if theimageis
user input, we need to convert the color image to grayscale.
In a grayscale image, the color shades are replaced simply
by gray shades. Grayscale image needs less information for
representing each pixel. The MATLAB function
rgb2gray(RGB) converts color image into grayscale image.
Thisfunction eliminates the hue and saturation of RGB
color image but retains the luminance while converting to
grayscale. It forms the weighted sum of R, G and B
components as illustrated in the equation-1.

0.2989* R+0.5870* G+ 0.1140* B ---(1)

In the stage2 of agorithm, Adaptive method calculates
many histograms based on diverse sectors of an image
which helps in contrast enhancement of the image. It
improves the local contrast and augment the edges of each
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region in an image. The Adaptive histogram consists of
three modes. The Model of histogram characterizes the dark
section of arecto and verso dot [1]. The Mode2 signifies the
background while Mode3 signifies the pale region of arecto
as well as verso dot. To enhance the Dots, the Laplacian
filter is used for preprocessing to remove the noise from
images. Edge detectors like Laplacian filter will help
recognize the cell boundaries. The resultant preprocessed
image is shown in figure-2b.

(a) Input image (b)Preprocessed image
Figure-2: Input image and theimage after preprocessing

The dots pattern of each cell is recognized with the help
of Threshold. After recognizing, pattern is mapped with
Binary digit pattern. The Binary pattern further converted to
the respective character of local language. The binary
sequence helps in identifying the existence of dot by taking
count of number of pixels of white region mapping each
cell-grid that satisfies the required criteria for given
threshold. Binary ‘digit-1’ tells the presence of dot while the
‘digit-0’ tells the absence of dot of the mapped cell region.

To trandate the image into text, it was first converted
into a grid of 1’s and 0’s, 1 being a black dot, and 0 being
the absence of one. Knowing where the black dots are is the
easy part. But to figure out the locations of the missing dots
we had to calculate some distances. The official US standard
for braille is shown in the figure-3a.

5:00@ ® O [1,0, 0]
R« O © [0, 0, O]
o0 O 0,0,0
—t2.3— O [0.0,0]
(@ physical | (b) Braille cel | (©) Matrix
features recognized obtained

Figure-3: US standard physical features of Braille and
resultant matrix obtained.

To make creating the grid easier, al the dots are aligned
in one line that have the same y-coordinate, and all dots in
one column to have the same x-coordinate. An array of
coordinates is created for vertical lines that roughly separate
columns of dots, the grid can now be filled in. if the entire
line of letters is missing from the bottom row (none of the
lettersin a row have black dotsin positions 5 or 6) then add
a row of 0’s so the dots from the rows below don’t
accidentally become part of letters above them. Similarly, if
every first letter on each line is missing dots in the first
column (positions 1, 3, 5), we need to make sure to account
for the fact that our dot array will be starting from the
middle of a letter and combine pairs of columns
accordingly. Resultant matrix is shown in the figure-3c.
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This bit-string of the mapping Braille alphabets is stored
to a file. Further using threshold segmentation algorithm, a
cell information is translated to 3x2 matrix with binary data
of 0’s and 1’s symbolizing about absence and presence of
dotsin acell. Neural Regression Classifier can be applied to
recognize the mapped cells with natural language character
like English.

Further, Hybrid Classifier as Neural Regression
Classifier is used. Hybrid Classifier as CNART is used. It
consists of CNN and Classification and Regression Trees
classifier algorithm. Here, Convolutional Neural Network is
used for feature extraction and Classification and Regression
Trees (CART) classifier is utilized for recognize the
character.

[l. RESULTSAND CONCLUSION

Braille character Dataset is referred from the “Kaggle”
website, which is freely avalable [2]. To assess the
effectiveness of the Braille system, the physica list of
Braille characters is compared with the obtained results the
said system. The results of accuracy parameter of correctly
recoghized alphabets after mapping are shown in table-6.

Table-6: Results obtained for Grade-1 Braille.

Braille No of Correctly Accuracy
category Braille recognized %

cells
Alphabets 52 51 100%
(capital +
small case)
Punctuation 12 12 100%
marks
Numbers 10 10 100%

This paper focuses on the conversion of scanned Braille
documents are used in this paper that focus on converting
them to text in English language. After the preprocessing,
subsequently the Braille cell pattern is segmented. Grid
matrix is drawn using the physical positional properties of
the Braille cell. Every cell in Braille has its own standard
configuration which are mapped and identified as a phabet.
The recognition of dot will be affected if standard
measurement is not reflected in the original input document,
which may be due to noise introduced during scanning. The
paper could be extended for Grade 2 English documents for
recognition of word as well as entire document at once.
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