











































































































































































































































































































symbol dot combination that precedes the numbers. The numerals mode defined for Ethiopic number is
“111111”, while “001111” used for Arabic numbers (see section 2.4.1 for more). Accordingly, the first
cell in numerals defines the numerals mode (Ethiopic or Arabic) and the second cell defines the numbers
(0-9). Table 4.5 and Table 4.6 illustrate the numerals writing system in Braille for Ethiopic and Arabic

numbers respectively:

Table 4.5 Arabic Braille numerals with two cells.

(1] 2[3]a]s]6|1]213}4]5]6

olof1|a[2]1]1}0)040]0]0 1
olol1|1]2]1]1]1]0]0}0)O] 2
ololalafaf1]2)0)011]0]0 3
[ofof1]alaf1]jaj0j012]1.0] _ 4
olo|1|1l2[1]1]0j0[0]1}0 5
[olofaf2]2]1}2]2140}110.0 e
ofof2]af2]a}2}1]0}2}1}0 7
olof1]1}11)21)210,01110L 2
[ofo|1]2]a]aj0j2]0]2]0}0 2
oogllﬁoio 110 0

Table 4.6 Amharic Braille numerals with two cells.

(1]2]3]a]s[e[a]2]3la]5]6]

i{1]ajr]a]af1]ofol0jO}0 A
i]1|t]afafsl2[1]ofolojo) &
1|11(21]2}1]1]0]011]040 i
111111100110 0
1 {afafa|z|s|2]ofolojrjol &
t{zlafafafafajrlofajolo i
(1 [2]2fa]2]2}1)2]0]d}110] 7
11|a(a]alsfafa]olojajol X
t[1l1|afa[alojafolajojal R
11111101_0{110 T

The Amharic Braille also applies different punctuation marks used in print Amharic language. These days
there are 41 punctuation marks that can be used in Braille writing. Except three rarely used punctuation

marks, (indicated in Table 4.8 ), all punctuation marks require one or two Braille cell (see Table 4.7).
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Table 4.7 Lists of punctuation marks with one and two cell.

(1] 2[3[4]s]6l2|2|3|4]5]6 Symbol description |
0[{0|0]0O 0|0 Space
ojof1|l0}l0]0 . Point
00| ololo|l1l0|0|1]0|0]|O : colon
(0100 ol1loloj1|l0]0[0]|O / forward slash
| 0]0]1]0 0|1 | ] -hyphen
ojo|1lofola]ofoj1jolO}1] -
ol1lo0|l0]|0]|O ' single quote
o|l1]1|]0]0]1 “»
|0{1]0}0 1)1 = full stop
ol1|l1]0]1]1 () Brackets
| 0(0]0]0 ol1]lo]1|2|0]1]1 [ opening square bracket
011 011110 ] closing square bracket
ololol1j0|2j0]0|0]1 0|1 __underline
olo|l1(1]0]0 And/or
olol1|2|l1]l0|0|0}1]1]|1]0 Poem symbol
001 0|01 Return symbol (¢wumii)
| 0|0|0]1]0}0 geir0P AT
o|loj0j0}1]1 Repeated page indicator
olol1lolol1]o]oj1]0]O]1 ?40 ANt NgAT oohhd

Table 4.8 punctuation marks that defined in three Braille cell.

17z [3]4]5]6[1]2][3]4]5]|6]|1]2 3(als|e
olilol1lo]1j0o|2|0|O|21|0]|0}2]0O ol|1|0]| —~>Rightarrow
>l71ololzlololrlolo|z]of1]o[1]0o]1]0] <leftamow
olojo|1]1|1|0 04L0 1loj1|0|0|0|1|0]1

Based on the above fact, the researcher made some analysis as to which character type (o include and how

many Braille cell to use to create a standard input for neural network in the forth coming procedure.

In this study, all sort of Braille character are not considered. The reason is that except the basic Ambharic
character with their six forms and Arabic numerals, most of the punctuation marks and Ethiopic numerals
are rarely apply in the Braille writing. To justify the reason, some of the Braille documents gathered for

the purpose of this study are reviewed to see the frequency of punctuation mark used in the documents.

So far the Braille image passed through different image processing steps to segment the content from the
background and represent as a single pixel based on the mesh-grids. During feature extraction further

processing is performed to group dots in a cell. Then, the content of the cell analyze to recognize as
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Braille characters.

As described previously, Braille character is described as a region in the image, this region is divided into
six equal compartments (two across, three down) in which the search for dots is performed. The possible

positions of Braille dots are determined by the intersections of horizontal and vertical grid lines.

Having grouped dots in a cell, its content has been analyzed with rules defined. The context analysis has
performed to determine the status of dots in a cell. Based ‘on the result, the cell can be recognized as
Braille character alone or part of a Braille characters. This is because depending on the context, a Braille

character may have one or two cells.

To prepare two different patterns input for neural network, a program is developed that represent Braille
character as six and twelve dots. The program converts dots in a cell as binary digits. One (1) is assigned

to indicate the presence (active) of dots and zero (0) is assigned for the absence (flat) of dots in a cell.

This is done following the algorithm described in appendix V. The extracted dots are grouped as one and
two cells to prepare two different patterns for the neural network in the forth coming step. To do this the
program scan one cell at a time, following the grids line coo;'dinates constructed previously. The first cell
may define the basic Amharic Braille character (prefix), number mode or punctuation mark: and the next

six bit (suffix) defines the corresponding vowel, number or punctuation mark for particular character.

Once the dots in a cell accessed, to decide the status and the position (from two cells), the content has
been checked for three criteria: Braille vowel, numerals and punctuation. Then the algorithm continues to
check the next possible cell, if this is found to be among the six vowels, it will be registered as suffix of
the previous cell. This is preferred because the sound cell in Ambharic Braille cannot be found before the
basic character. To make the concept clear the Amharic Fidel “b” which is the sixth form of “U"represent
without vowel as “110010”. To write the remaining variant, ﬁowever we need to add additional cell for the

vowel as given in Table 4.9:
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Table 4.9 Two cell Braille-print character representation

v i1j1|/0(0|1|0|0|1|l0]l0|l0O]1
vj1(1|0|0f1]|0|1|l0]1|{0]0]1
“]11/1(o0|of[1({oflo[1]0l1]0]0
711(1/0|o|1|o]1lol0olol0]0
“1111(0(0[1|o0fl1]0]l0l0]1]0
vil1/1|/o0|of1|0|o|o|o]o]o]o
Pii{1|{ofo|1]of1lol1]ol1]0

On the other hand, if the cell status is vowel, or is preceded by number mode or punctuation mark (suffix);
the content fills the second cell (second 6 dots of cells). Moreover to give room for some Braille code that
does not considered in this study: such as the remaining punctuation mark and extra Amharic character. all
other cell that fail to meet the above criteria, are labeled as others cell content with value different from
previously used (binary digit). The algorithm adopted for feature extraction and recognition is described in

appendix V.

4.7 Ambharic Braille-print character récognition using ANN

So far, all the potential Braille character features are extracted and stored to file with 6 and 12 bit that can
be turned on(1) or off(0) in any combination. This section, that depend on the result of the previous steps,
describes how the artificial neural network is created, trained and tested to classify an inputs pattern as one
of the target output results. The overall task of the recognizer is to be able to classify pattern extracted
(input, Braille character) into one of the possible target values (print character). For the purpose, the study
apply MATLAB neural network tool box, which is the most commonly used tool in Neural Network
researches such as creating recognizer. Thus, the next part of the study discusses in detail how the network

is designed, created, trained and tested within the facilities and the functionalities of the MATLARB tool.
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4.7.1 Artificial Neural Network Architecture

The first step to application of neural network to solve a specific problem is designing the architecture of
the network. In this study, the architecture of the neural network created for the recognition problem is a
multilayer perceptron that accepts the binary representation of Braille character as input vector. The binary
representations of Braille character as input vector are created from Ambharic Braille alphabet in two
standards (6 bits and 12 bits) that have equal number of input nodes to the corresponding input layer of the
network. Another input is prepared with 6 bits and 12 bits each from the Braille document. The two inputs
with two different standards are prepared representing the Braille character for training and testing the

network.

The diagram in Figure 4.26 is designed to describe the architecture of the recognition system starting from
the Braille character input to the print character recognition phase. The diagram depicts the two parts in
the recognition process. The first part ends with the extraction of Braille character as binary digit which is
accomplished with Ms-visual C++. The next part recognizes the print character which is accomplished

with MATLAB tool.
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110010101011
10
Neural
011101010000 Network 1 15
10
000010000000
20
. 101011110000
001110001010

Figure 4.26 Amharic Braille-print recognition network architecture

4.7.2 The Neural Network

A feed-forward neural network with back propagation algorithm organized into three layers is created.
The topology. or structure, of this network is typical of networks used for prediction and classification.
The approach adjusts the strength of connection between nodes at different layers after computing the
error between the desired and the actual output of the network on each steps of training. Supervised
learning is used, where the desired output of the network for the known patterns of input is fed to the
network during training. Accordingly, the network takes inputs, perform some operation and provide the
output using the feed forward approach. Then the mean squared error between the desired and the actual
output is calculated. If this value is found to be greater than the threshold the error propagates back to

adjust the weights of each connection in the course of finding the optimal weight for each connection.
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The network is designed with two possibilities with respect to the number of nodes at the input layer: 6
and 12 nodes. The binary representation of the input character extracted and created in excel file is fed to

the network after some rearrangement of the rows and columns of each patterns.

4.7.3 Braille Character Input Method for the Neural Network

In MATLAB tool, to train the network the input pattern is first rearrange into column vector which
contain elements equal to the number of neurons at the input layer. Accordingly, binary representation of
the Braille characters is created in a file as 6 and 12 bits pattern of Braille characters. The input is
converted in to one column vector where each preceding column of the character matrix will be appended

one after the other.

Table 4.10 Sample Amharic characters with same ASCII value

Latin | ASCII

“, | X@ | 88 [64 152
% |- 152 152
M | u? 117 | 63 | 180
| 180 180

| %< |37 [60[97

¢ |la 97 97

Before making decision on output nodes it is worth to mention that all Amharic print characters (target) do
not be represent with one ASCII- code value. Examples of such character are given in Table 4.10. This
situation results, two different Amharic characters to have same value (when convert to decimal and add),
which would bring confusion on later conversion to print. So, to come up with uniform mapping, the
character is assigned index starting from 1 to 34, and 1 to 267 for the four different input set mentioned in
section 4.7.5 and this value is converted between the value 0 to 1 to fit the network output with Min-max

normalization formula.
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V'= V—miny (new_max,— new_ming) + new_miny,

mMax, _ ming

Equation 4.1 Min-max normalization formula

Thus, the number of nodes at the output layer is decided to be one. After deciding on the possible number
of nodes at each layer, the next phase is creating the network and proceeding with the training part, which

is discussed in the subsequent part.

4.7.4 Creating the Neural Network

At this stage, everything is ready for creating and training the network. This part devoted to describe how
the network is created. As indicated earlier, a feed-forward back-propagation network is created with
gradient-decent momentum training and adaptive learning rate. Training the network with two parameters
momentum and learning rate is important for two reasons. F irst, learning rate is used to specify how the
weights are adjusted after calculating errors on the output‘layer. Likewise, the purpose served by the
momentum parameter is that, once the learning network knows to which direction to move on the learning
curve, we can adjust the speed of the network for faster convergence. The principle is that, once the
direction of convergence of the learning model is known moving fast towards the minima point will
speedup the learning process which helps to minimize the total time required by the network to learn
different patterns. In addition to fast convergence, the momentum will help the network not to get stuck at
local minima. A local minimum is a point in the learning curve where the network error is minimum only

to the points in its vicinity and not to the total learning curve.

With too low momentum constant the network will be slow and may get stuck in local minima. On the
other hand, if it is set to large value, the network will have less probability of getting trapped in local
minima and will converge fast, but it may also oscillate from one point to the other in the curve without

touching the global minima.
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Training dataset 4: contains 267 records for basic Amharic character (38 x 7). numerals and punctuation

marks (19), each with 12 bit (2 cells) and with the corresponding print character ASCII-code.

To train the network, different network parameters such as: goal, epochs, learning rate are adjusted as per
the performance of the network (see Table 4.11), and then input patterns along with matrix of target values

fed to the network for trai ning.

Table 4.11 Training parameters for the proposed network

functions: parameters:
adaptFcn: 'trains' goal: 0.001
performFen: 'mse’ Ir: 0.2
trainFcn: 'trainlm’ show:50
epoch: 1000

The line of instruction to perform the training is:

{AmharicBrailleNet, trj=train (AmharicBrailleNet, Braillelnput, PrintTarget);

Where : AmharicBrailleNet is the neural network created in the previous section, BrailleInput is
matrix where each column represents one Braille character from the dataset and PrintTarget is

pattern of target output for each corresponding input.

Accordingly, to train the network the three Braille character input file alon g with the corresponding target
character file is given to the neural network. Then, it has been repeatedly trained with the original dataset
and with different noise pattern which are randomly generated by the training module. And there is 50
iteration, which makes a total of 700 for each character pattern, which are provided in the training set.

The random noise is set to 0.03 and 0.05.

4.7.6 Testing the Neural Network

Once training the artificial neural network is performed, it is required to test the performance of the

network model with different test cases. In this study, testing is conducted in two steps:
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* Test I: contains a total of 100 characters with two cells,
e Test2: contains a total of 350 characters with two cells.

® Test 3: contains test 2 and additional 100 characters set.

Accordingly, test set 1, test set 2 and test set 3 have been given to Model-1, Model-2 and Model-3

respectively. The performance of the neural network for the three test dataset is given below in Table 4.13.

Table 4.13 Performance rates Jor test dataset

Performance /Rate of Recognition

Network
Test Set size

Model -1 with 238 100

Test Set

Model -2 with 257 350

Model -3 with 267

The performance of the network is decreased with the test set. This is because there are some characters
found in the test document for which the network did not trained. This includes the excluded punctuation

marks and numerals,

Finally, from the three models the researcher selects the one with 92.5% performance. The rational is that
this model trained with training set contained in the other two models plus additional numerals set. And as
discussed in above the majority of the error attribute to numerals and punctuation marks. However, for the
remaining dataset the three network models are produced similar performance. So it would be better to
consider the one that consider wide variety of character than the one with less character set. The artificial

neural network algorithm, adapted for the study is presented in Figure 3.6.
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Appendix

I.  The first version of Ambharic Braille

Table 1.1 List of vowels Jor first version Braille

1:2:3:4:6 1:2:4:56
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II.

Table I1.1 List of second version Basic Amharic Braille character

The second version Amharic Braille (1945)

Y W e ——
v Ta2s v Taaas |6 Tase (W[5 ams
A lass o (123 o sase o ENECT I
b | Notapply P Wetapply
v 1134 F_" 23 (1356 (W Tazae
234 Jv |5 55 [ [se
41235 € Taas |l (13456 £ 1456
"i'_," ___ Notapply  fffe [1.45 & Tiase
1 0 1se  llF s E Taas
P 12345 [F a6 7 |12:4:5 |7 [2:356 |
a2 [ a5 llim oa4sg ] T (12356 |
2345 T T123ase |flan, 4 /% TeE ]
e [T a5 iI& | 235 | & 3456 |
totangly IO 12346 (6 (3486 |
v | 1:3:45 |7 2:4:6 A Not apply i
T lses T e 6 (& Ts e
h 13 A 34 T S N S
[h [13 B T35 |1

Table 11.2 List of vowels jE‘- S

Variant

econd version Braille
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II.  The third version Amharic Braille (1949E.C)

Table 1.1 List of vowels Jor third version Braille

Independent

* Symbol indicates Braille code change made on the new version.

Table 1.3 List of third Version Extended Amharic Braille Character

. . IO I e s L
Ambharic irregular character

1:2:4:5  2:4:56
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IV. " The fourth version Amharic Braille (1949E.C)

Table IV.1 List of fourth Version Amharic Braille punctuation marks

4:6 and 4:6
2:4:6, 2:5and 2:5
2:5,2:5and 1:3:5
4:5:6 and 1:5
4:5:6 and 3:5
5:6
4 and 3:4:5
AT meyr 3:4
3:4:5 and 3:4:5
6and 3
2:6 and 3:5
3:6
4
5:6
5
2:5and 2:5
=//= 6 and 3
4:5:6 and 4:6
4:5:6, 4:6 and 46
X 1:3:4:6
$ 4:5
2:3:5:6 and 3 3:6, and 3:6

<—ﬁ>¢.\bl.
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.

Feature extraction Algorithm

Let cell 1 and cell 2 are array to store prefix and suffix of a character respectivelly

Let BraillChar is an array defined to store a character containing cell 1 and cell 2

Let hordotArr is an array to store vertical cordinate point of grids intersection of image
Let VerdotArr is an array to store horizontal cordinate point of grids intersection of image
Let temp is an array to store current six dot as binary digit

Let img is matrix same size as image

Let dotColor is one pixel representation of dot at mesh cordinate

While h in hordotArr not null

For each w in VerdotArr

If pixel at img(w,h)equals to dotColor //First column dot position 1 2 3 starts here
set temp[0]=1
else
set temp[0] =0
end if
if pixel at img(w,h++)equals to dotColor
set tempf[l]=1
else
set temp[1]=0
end if
if pixel at img(w,h+2)equals to dotColor
set tempf2]=1
else
set temp[2]=0
end if
if pixel at img(w+1,h)equals to dotColor//Second column dot — 4 5 6 starts here
set temp[3]=1 '
else
set temp[3]=0
end if
if pixel at img(w+1,h+1)equals to dotColor
set temp[4]=1
else
set temp[4]=0
end if
if pixel at img(w+1,h+2)equals to dotColor
set tempf[5]=1
else
sef temp[5]=()
end if
If isVowel(temp)equals to true//check content of a cell
If BrailleChar cell I not empty
buffer temp to cell 2
Else
buffer zero to cell 1
buffer temp to cell 2
/vowel comes after consonat cell otherwise that is wrong starting

End if

Continued in the next page...
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Else if isnumberMode(BTemp)equals irue or isPunhctuationMarkPfix(BTemp) equals true
buffer temp to cell 1
buffer zero to cell 2
go to next cell /funtile checkes next cell cell 2 set to default zero
Else if BrailleChar cell I not null AND isnumberMode(cell _I)is true
buffer temp to cell 2
go to next BrailleChar
Else if isconsonant(temp)is (rue
buffer temp to cell 1
buffer zero to cell 2
Go to next cell
Else if isvowel(temp)is true and isPunctuationMarkPfix(BTemp)not true
buffer temp to cell 2

Else
buffer unknown to cell 1
buffer unknown to cell 2
increment BrailleChar and Go to next cell
End if
End for loop

end while
while BrailleChar not null //write BrailleChar to file
write cell 1,cell 2 to file
end while
Hfunction implementation
Begin function isnumberMode(integer temp) //chech the current cell content is number mode
let numMode array for number mode//{0,0,1,1,1,1}
Jfor each x,y in numMode, temp
if' x not equals y
return false
return true
Junction end
Begin function isVowel(temp) //check the curent cell content is vowel and return
let vowel is an array for braille
character//{0,1,0,0,0,1}:{1,0,1,0,0,1};{0,1,0,1,0,0},{1,0,0,0,0,0};{1,0,0,0,1,0};{1,0,1,0,1,0}
let hit is boolean
Jfor each cell in vowel
set hit false
Jor each x,y in cell,temp
if x equal y
set hit true
else
go to next cell//break inner loop
if hit true
return true
return false
Jfunction end
Begin function isPunctuation(temp) //check cell content is one of punctuation mark prifix cell
let PuncMarkS is an array for punctuation prifix//{0,0,1,0,0,0;0,1,0.0,0,0,0,0.1,0.0,1:0,1,1,0,1,1:0.0,0,1,0.1,0,0.1,1,1.0}
for cell in PuncMarks
set hit false
Jfor x,y in cell temp
if x equals y
set hit true
else
go to next cell//break inner loop
if hit is true
refurn true
return false
Junction end

Figure V.1 Feature extraction algorithm based on grids-mesh and contextual approach
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VII. Sample Braille Image
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Figure VIl.1 Sample Braille image with Gray-color
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