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CONVERSION OF ENGLISH CHARACTERS INTO BRAILLE
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Abstract

The Braille system is a method that is widely used by blind people to read and
write. Braille generally consists of cells of raised dots arranged in a grid. The presence
or absence of dots can be sensed by the blind people’s fingertips to give them the coding
for the symbol.

The electronic revolution is changing the way Braille is produced, stored and
retrieved, making it easier to use in the work place. All kinds of materials can be put
into Braille, from bank statements, bus timetables, maps to music. But it is still difficult
to produce an error-free Braille for complex materials. In this paper, the ability of the
neural networks will be tested to be used for translating scanned text pages, books or
lectures from English language into Grade | Braille; so that blind people can deal with
it.

An artificial neural network is designed with minimum structure and tested to
convert the English characters into grade | literary Braille code. English characters will
be assumed to be affected by noise of mean variant between 0 and 0.4.The output of the
N.N can be stored in a data file that can be sent into a Braille printer or a Braille display.
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1- Introduction:

The Braille system is a method that is
widely used by blind people to read and
write; Figure (1). Braille generally
consists of cells of six raised dots
arranged in a grid of two dots horizontally
by three dots vertically. The dots are
conventionally numbered 1, 2, and 3 from
the top of the left column and 4, 5, and 6
from the top of the right column, as shown
in Figure (2). The presence or absence of
dots gives the coding for the symbol [1].
Today, different Braille codes (or code
pages) are used to map character sets of
different languages to the six bit cells.
Different Braille codes are also used for
different uses like mathematics and music.
In addition to simple encoding, modern
Braille transcription uses contractions to
increase reading speed; therefore; Braille
method is classified as a nonlinear writing

[1].

Many authors have dealt with the
use of Neural Networks for handprint
OCR and character recognition using
Neural Network[2][3][4].These researches
include the recognition of Arabic Hand
Written Characters [5][6]. Furthermore,
many authors have discussed detailed
descriptions of methods for converting
English letters into Braille and display
characters on display terminals [7] [8].
Also, the quality testing of Braille printed
paper was also investigated [9].
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Figure (2): Braille cell.
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2- Braille System:

Braille system was presented by Louis
Braille in 1834. Common Braille
characters are based on a 6-dot cell having
two columns of three dots. Dot height is
approximately 0.02 inches (0.5 mm). The
horizontal and vertical spacing between
dot centers within a cell is approximately
0.1in (2.5 mm). The blank space between
dots on adjacent cells is approximately
0.15 in (3.75 mm) horizontally and 0.2 in
(5.0 mm) vertically. A standard US Braille
page is 11.5 by 11 inches and typically
has a maximum of 25 lines and 40 to 42
Braille cells per line [1].

Some 6 dot Braille cells have
numerous meanings. Numbers, capital
letters, and many symbols require more
than one cell to produce 6-dot Braille data.
There are four Braille codes currently
used in the United States; namely: the
Literary Braille Code, the Nemeth Braille
Code, Computer Braille Code (CBC), and
the Music Braille Code. There are
differences in the Braille alphabet codes
used in various English-speaking
countries, which prevent the exchange of
Braille materials. Other Braille codes are
presently under development, some
require the use of 8 dots or other raised
symbols [10].

Figure (1): Picture of reading Braille.
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2.1 Types of Braille Codes:
A- Literary Braille Code: [11]
1) Grade I Braille

The basic code is called grade |
Braille; it is a direct substitution of normal
print letters for letters from the Braille
alphabet which can be read by all Braille
users, and it is the first stage of learning to
read Braille.

2) Grade Il Braille

Grade Il is a shorter form which
makes reading and writing Braille much
faster. Grade |l Braille consists of
contractions added to the combinations to
represent letter groups such as ‘the’ and
‘for’. The contractions are too numerous
to list here. Grade Il should be used for
longer signs i.e. an opening plaque or site
description. Grade 1l is also used widely
in books, magazines and leaflets. It
occupies less space than Grade | Braille
but all Braille is bulky. For example, one
A4 printed page would  need
approximately two and a half pages to
reproduce in Braille.

B- Nemeth Braille Code

It is used for mathematics and
science material which contains symbols
not available in Literary Braille. The
Nemeth Braille Code is not an expanded
version of the Literary Braille Code [10].

C- Computer Braille Code (CBC)

Computer Braille Code was
developed in order to transcribe materials
relating to computers. It uses some
symbols from Literary Braille, some from
Nemeth Code, and some symbols of its
own. Computer Braille Code requires file
names, the exact count of blank spaces,
and other details that are required for
computer programming and the use of
computers [10].
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D- Music Braille Code

Music Braille Code is a
completely different Braille code. An
extensive  knowledge of music is

necessary for the accurate transcription of
music into Braille. [10].

2.2 Braille Letters and Characters:

In this paper, the literary grade I
Braille code will be considered. The first
ten letters of the alphabet and the numbers
1 through 0 are formed using only the top
four dots (1, 2, 4, and 5). Adding dot 3
forms the next ten letters, and adding dot
6 forms the last five letters (except w) and
the words: (and, for, of, the, and with).
Omitting dot 3 from the letters U-Z and
the five word symbols forms nine
digraphs (ch, gh, sh, th, wh, ed, er, ou, and
ow) and the letter w [1]. The numbers (1,
2... 0) are announced by a sign using dots
3, 4, 5, and 6 before the letters (A, B... J).
The use of dot 6 just before a letter
indicates a capital letter as shown in the
Figure (3) [1] [12].

(SRR
[ R e
oo o
® o0
SRR
[e R B &
[eRReRY ]
LR

a A 1

Figure (3): The use of two cells to express
capital letters and numbers.

3- Neural Networks

An Artificial Neural Network
(ANN), often just called a "Neural
Network" (NN), is a mathematical model
or computational model composed of
simple elements operating in parallel.
These elements are inspired by biological
nervous systems. It consists of an
interconnected group of artificial neurons
and processes information using a
connectionist approach to computation. In
most cases an ANN is an adaptive system
that changes its structure based on
external or internal information that flows
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through the network during the learning
phase.

In more practical terms neural
networks are non-linear statistical data
modeling tools. They can be used to
model complex relationships between
inputs and outputs or to find patterns in
data. [13] [14].

The universal  approximation
theorem for neural networks states that:
"every continuous function that maps
intervals of real numbers to some output
interval of real numbers can be
approximated arbitrarily closely by a
multi-layer perceptron with just one
hidden layer". This result holds only for
restricted classes of activation functions,
e.g. for the sigmoidal functions.

4- Design of English to Braille converter
using Neural Networks
Using MATLAB programming, a

CONVERSION OF ENGLISH CHARACTERS
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characters into Braille characters. The
neural network should be able to classify
noisy characters as well as noise free
characters.

A page that is scanned by an
imaging device is converted into matrices
of 400 element columns that represent a
20*20 grid for each character. The matrix
should have the values of 1’s to represent
black, and O’s elsewhere. Sometimes, the
imaging device is not perfect and the
letters may suffer from noise. Here the
neural network should be able to
recognize the true characters and generate
an output according to each character.
However, the method of scanning and
converting the image into matrices is out
of the scope of this paper.

The output of the network is used
to generate the corresponding Braille
character according to the Braille rules.
The generated Braille characters are saved

neural network will be designed to as a matrix of 2*6 elements for each
recognize and to convert English character.
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Figure (4): Converting noisy E character into 35 element array.
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As in English representation; each Braille
dot is represented by 1 in its
corresponding place in the output matrix,
and zero elsewhere. In this paper, the
artificial neural network will be designed
and trained to recognize 63 characters :(
52 English capital and small letters, 10
numbers and the space) using back-
propagation training algorithm. The
network is trained using the patterns of the
input matrix (English_char). This matrix
has a size of 400*63 elements; each
column of this matrix contains the data of
a perfect character. Capital letters (A-Z)
are placed in the columns (1-26) and then
the small letters, followed by numbers and
the (space). The output of the network is
represented by the identity matrix
(Targets) that has 63*63 elements. The
steps of the algorithm are shown in the
Figure (5). The neural network needs 400
inputs in the input layer and 63 outputs in
its output layer. The output of the network
should be 1 in the position of the detected
character and 0 elsewhere. For example; if
character (B) is the input then the output
should have 1 in the 2" element in the
output vector and O elsewhere. Finally, the
MATLAB program is used to generate
Braille characters according to the output
of the neural network.

4.1- Initialization of the Data

Characters:
In order to design and train the neural
network, data characters should be

initialized and the following steps should
be made:
Load Perfect character images.
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Resize and reshape the characters
into a column matrix.

Arrange characters’ columns side
by side in the  matrix
(English_char).

Create each Braille character as a
6*2 array.

Arrange the arrays of the Braille
characters in the matrix (braille) so
that it contains all of the Braille
characters (side by side).

Create the matrices (capital_ next)
and (number_next) as 6*2 for
each.

Create the matrix (Targets) which
is the identity matrix of 63*63.

4.2- Creating the Neural Network:

In order to create and train the
Neural Network, a feed-forward one is
created with 400 inputs in the input layer,
a different number of hidden layers and 63
outputs in its output layer. Sigmoid
activation functions are used in hidden
layers and bipolar linear activation
functions are used in the nodes of output
layer. The resilient back-propagation
algorithm (trainrp) is used to train this
Neural Network. This method supports
training with validation and test vectors.

4.3- Training the Neural Network:
1- Training without noise:

First, the network was trained to
recognize the noise free characters with
the learning rate of 10 and an error goal
of 10°
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2- Training with noise:

Second, after updating the weights
to recognize the ideal inputs with a very
small error, the network was forced to
recognize noisy input characters. The
noise is created by generating random
numbers with a mean of 0 and standard
deviation (std) of 0.2. This learning was
repeated 35 times; for each time it was
trained with 14 copies of the input; half of
these copies have a noise of std 0.2 added
to them. More error was expected because
more input vectors (some with noise) are
used; therefore, the error goal was reduced
t0 107,

Scanned page

The output of
the scanner

Lelelx]e] |
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detected characters J l_

[20] 5 [24]20]63]14 [15[53]

Figure (5): conversion steps of English
characters into Braille.

After several trials, using the following
steps to get minimum structure of the
designed network, it was found that the
best structure is achieved with 190
neurons in the hidden layer.
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3- Training without noise:

Third, to make sure that the
network always responds correctly to the
ideal inputs, the network was trained once
more with ideal inputs. The mean square
error goal was decreased to 10°°.

5. Simulation of the Neural Network as
a Converter:

To simulate the variable noise
from the scanner; a random noise was
added to the input signal with std of 0.05
and the detected English characters as
well as the corresponding Braille
characters were drawn as in Figure (6).

Using a noise of 0.1 std resulted in
no mistakes during the detection and
conversion, shown in Figure (7).
Increasing the noise into 0.2 resulted in
(0-2) mistakes for each trial as shown in
Figure (8).

Conclusions:
It can be concluded that:

A feed forward artificial neural network
was designed and tested to convert
English characters into grade | literary
Braille code, taking into account the
nonlinearity of the conversion because of
Braille rules. The network was designed
with  minimum structure including a
number of layers, and a number of
neurons in each layer. Noisy input
patterns were introduced to the network
including the addition of a noise of std 0.2
to all characters which resulted in one or
two characters to be detected wrong for
each time running the program. A pattern
of characters without and with noise were
tested using the designed N.N and the
results were satisfying.
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dbCdef ghi 1kl m NOPAr StuvwxyZABCDE
FGHI JKLMNOPQRS TUVWXYZ1234567890

Figure (6-a): Noisy input characters with 5% noise.

ghi ikl M NOPAr st UVWxy ZABCDE
LMNOPQRS TUVWXYZ1234567890

Figure (6-b): Detected characters using the N.N.

Figure (6-c): Corresponding output Braille characters

f9dhi jkl M NOPAr st Uvwxy ZABCDE
KLMNOPQRS TUVWXYZ1234567890

Figure (7-a): Noisy input characters with 10% noise.

hi ikl M NOPAr st UVWXYZABCDE
MNOPQRS TUVWXYZ1234567890

Figure (7-b): Detected characters using the N.N.

Figure (7-c): Corresponding output Braille characters.

Tkl M NOPAr St UVWXYZABCDE
OPQRS TUVWXYZ1234567890

|gure (8 a): Noisy input characters with 20% noise.
hi ikiim NnOoPAr st UvwxyZABCDE
MNOP QRS TUVWXYZ1234567890

8-b): Detected characters using the N.N.
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Figure (8-c): Corresponding output Braille characters.

Finally, it can be concluded that the
conversion of English to Braille using
Neural Network is a fast and accurate
method. It can be assumed as a general
method for any script written in English
language.
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