






































































































































































































and/or three ce ll s; and dec isions made to determi ne the number of ce ll s used to represent print equivalent 

to come up with standard input fo r the network. 

Amharic Braille, like the print Amharic writing system app li es a ll the basic characters with the ir six forms 

(34 x 6). While a ll the bas ic form s (34) are represented with a single Braille cell , the rest req uires two ce ll s 

(the first ce ll indicat ing the bas ic form , and the second ce ll the vowel (sound ) for o ne of the six form s). 

To illustrate the situation, sample character is g iven in that shows Braille code and prim. T(tble 4.3 shows 

o ne-to-one mapping between Braille-to-print characters. In the following illustration to represent dots in a 

ce ll , th e dot pos iti on is labe led with nu mber I through 6. And to represent the dot is active for a pa rticul ar 

label binary di g it I will be used. 

Table 4.3 Basic Amharic Braille character with one cell 

1 2 3 4 5 6 

1 1 1 U 

1 1 1 A 
1 1 1 r" 
1 1 1 9u 

1 1 1 p" 

1 1 1 1 C 

To wr ite the first for ms for character in Table 4.3, we use two cell s as shown in Table 4.4: 

Table 4.4 First variant a/basic Amharic Braille character with tow cells. 

1 2 3 4 5 6 1 2 3 4 5 6 

1 1 1 1 1 U 

1 1 1 1 1 II 

1 1 1 1 1 ,Il 

1 1 1 1 1 u o 

1 1 1 1 1 '" 
1 1 1 1 1 1 t. 

Thi s ind icates that the major ity of the Amharic print characters require two ce ll s with the exception of the 

34 bas ic fo rm cha racters. 

With regard to numbers, the Am haric Braille applies both Eth iopic and Arab ic num era ls system. Both 

num erals system require two Brai lle cell s for their representatio n. The difference however, is o n numeral 
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symbo l dot combinati on that precedes the numbers. Th e num era ls mode defined for Ethiopic number is 

" 111111 ", while " 001 111 " used for Arabic num bers (see section 2.4.1 for more). According ly, the fi rst 

cell in num era ls defines the num era ls mode (Ethi op ic or Arab ic) and the second ce ll defines the num bers 

(0-9) . Tab le 4.5 and Tab le 4.6 illustrate the numera ls wr itil1g system in Braille for Ethiop ic and Arabic 

numbers respectively: 

Table 4. 5 Arabic Braille numerals with two cells. 

1 2 3 4 5 6 1 2 3 4 5 6 

0 0 1 1 1 1 1 0 0 0 0 0 1 

0 0 1 1 1 1 1 1 0 0 0 0 2 

0 0 1 1 1 1 1 0 0 1 0 0 3 

0 0 1 1 1 1 1 0 0 1 1 0 4 

0 0 1 1 1 1 1 0 0 0 1 0 5 

0 0 1 1 1 1 1 1 0 1 0 0 6 

0 0 1 1 1 1 1 1 0 1 1 0 7 

0 0 1 1 1 1 1 1 0 0 1 0 8 

0 0 1 1 1 1 0 1 0 1 0 0 9 

0 0 1 1 1 1 0 1 0 1 1 0 0 

Table 4.6 Amharic Braille numerals lVilh two cells. 

CJ. 2 3 4 5 6 1 2 3 4 5 6 

1 1 1 1 1 1 1 0 0 0 0 0 ii 
1 1 1 1 1 1 1 1 0 0 0 0 !{ 

1 1 1 1 1 1 1 0 0 1 0 0 i: 
1 1 1 1 1 1 1 0 0 1 1 0 Q 

1 1 1 1 1 1 1 0 0 0 1 0 i; 

1 1 1 1 1 1 1 1 0 1 0 0 ~j; 

1 1 1 1 1 1 1 1 0 1 1 0 ~: 

1 1 1 1 1 1 1 1 0 0 1 0 t 
1 1 1 1 1 1 0 1 0 1 0 0 it 

1 1 1 1 1 1 0 1 0 1 1 0 X 

The Amharic Brail le a lso app lies different punctuat io n marks used in print Amh ar ic language. These days 

there are 4 1 punctuation marks that can be used in Bra ille writin g. Except three rarely used punctuation 

marks, ( indicated in Table 4.8 ), a ll punctuation marks requ ire one o r two Brai lle ce ll (see Table ~.7), 
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Table 4. 7 Lists oj punctuation marks with one and two cell. 

1 2 3 4 5 6 1 2 3 4 5 6 Symbol descript ion 

0 0 0 0 0 0 Space 

0 0 1 0 0 0 . Point 

0 0 0 0 0 1 0 0 1 0 0 0 : colon 

0 0 0 0 1 0 0 1 0 0 0 0 / forward slash 

0 0 1 0 0 1 -hyphen 

0 0 1 0 0 1 0 0 1 0 0 1 ---

0 1 0 0 0 0 . . si ngle quote 

0 1 1 0 0 1 
«)} 

0 1 0 0 1 1 :: fu ll stop 

0 1 1 0 1 1 () Brackets 

0 0 0 0 0 1 0 1 1 0 1 1 [ opening square bracket 

0 1 1 0 1 1 0 0 1 0 0 0 J closing square bracket 

0 0 0 1 0 1 0 0 0 1 0 1 underl ine 

0 0 1 1 0 0 And/or 

0 0 1 1 1 0 0 0 1 1 1 0 Poem symbol 

0 0 1 0 0 1 Return symbol (r1l1l111l11fi ) 

0 0 0 1 0 0 r"" lI'I'I'O:" ?ut\h:,' 

0 0 0 0 1 1 Repeated page indicator 

0 0 1 0 0 1 0 0 1 0 0 1 \' .IrIl ?"Atl'1- nj'~ -I' uotlhA 

Table 4.8 pUl1cruatiol1 marks that defined in three Braille cell. 

1 2 3 4 5 6 1 2 3 4 S 6 1 2 3 4 5 6 

0 1 0 1 0 1 0 1 0 0 1 0 0 1 0 0 1 0 -'7 Right arrow 

0 1 0 0 1 0 0 1 0 0 1 0 1 0 1 0 1 0 f- Left arrow 

0 0 0 1 1 1 0 0 0 1 0 1 0 0 0 1 0 1 

Based on the above fact, the researcher made some ana lys is as to which characte r type to inc lude and how 

many Bra ill e ce ll to use to create a standard input for neural network in the forth co mi ng proced ure . 

In thi s study, a ll so rt of Braille character are not considered. The reason is that except the basic Am haric 

character with the ir s ix form s and Arabic numera ls, most o f the punctuat ion marks and Ethiop ic numerals 

are ra re ly app ly in the Bra ille writin g. To just ifY the reason, some of the Bra ille docum ents gathered fo r 

the purpose of thi s study are rev iewed to see the frequen cy of pu nctuat ion mark used in the documents. 

So fa r the Braille image passed through different image process ing steps to segment the content from the 

background an d represent as a s ing le pi xel based on the mesh-grid s. Durin g feature extraction fliither 

process ing is performed to group dots in a ce ll. Then, the co ntent of the cell anal yze to recogni ze as 
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Brail le characters. 

As descr ibed previously, Brai lle character is described as a reg ion in the image, thi s reg ion is d ivided into 

s ix equal com partments (two across, three down) in wh ich the search fo r dots is perform ed. The possible 

pos itions of Brai lle dots are determi ned by the intersections of horizonta l and velt ica l grid li nes. 

Having grouped dots in a ce ll , its content has been ana lyzed with rules defined. The co ntext ana lysis has 

perform ed to determine the status of dots in a cell . Based ·on the resul t, the ce ll can be recogni zed as 

Braille character alone or part of a Bra ille characters. Thi s is because depending on the context, a Braille 

character may have one or two ce ll s. 

To prepare two different patterns in put for neura l network, a program is deve loped that represent Brai ll e 

character as six and twe lve dots. The program converts dots in a ce ll as binary d ig its. One (I) is ass igned 

to indicate the presence (active) of dots and zero (0) is assigned fo r the absence (fl at) of dots in a ce ll. 

This is done fo ll owi ng the algorithm described in appendi x V. T he extracted dots are grouped as one and 

two cell s to prepare two different patterns fo r the neural network in the forth comi ng step. To do this the 

progra m scan one ce ll at a ti me, fo ll owing the grids li ne coordi nates constructed previously. The fi rst cell 

may define the basic Amharic Bra ille character (prefix), number mode or punctuat ion mark; and the next 

s ix bi t (suffix) defi nes the corresponding vowe l, number or pu nctuation mark for particular character. 

Once the dots in a ce ll accessed, to dec ide the status and the positi on (from two ce ll s), th e content has 

been checked fo r three criteri a: Bra ill e vowel, nu merals and punctu ation. Then the algorithm conti nu es to 

check the next poss ibl e ce ll , if thi s is found to be among the s ix vowe ls, it wi ll be registered as suffi x of 

the previous ce ll. Thi s is preferred because the soun d ce ll in Amh ar ic Bra ille cannot be found before the 

basic character. To make the concept c lear the Amhar ic Fidel "u" which is the sixth fo rm of "U"represent 

w ithout vowel as " 110010" . To write the rema ini ng va riant, however we need to add addi ti onal ce ll for the 

vowel as g iven in Table 4.9: 
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Table 4.9 TIIIO cell Braille-prim character representation 

II 1 1 0 0 1 0 0 1 0 0 0 1 

U· 1 1 0 0 1 0 1 0 1 0 0 1 

'I. 1 1 0 0 1 0 0 1 0 1 0 0 

'/ 1 1 0 0 1 0 1 0 0 0 0 0 

'I. 1 1 0 0 1 0 1 0 0 0 1 0 

II 1 1 0 0 1 0 0 0 0 0 0 0 
U' 1 1 0 0 1 0 1 0 1 0 1 0 

On the other hand, if the cell status is vowe l, or is preceded by number mode or punctuation mark (suffix) ; 

the content fi ll s the second cell (second 6 dots of ce ll s). Moreover to g ive room fo r some Bra ille code that 

does not considered in thi s study: such as the remai ning punctuation mark and extra Am haric chill·acter. a ll 

other cell that fail to meet the above c ri teri a, are labeled as others ce ll content w ith va lu e diffe rent from 

prev iously used (b inary di g it). The algorithm adopted for feat ure extraction and recognit ion is described in 

append ix V. 

4.7 Amharic Braille-print chat'acter recognition using ANN 

So fa r, all the potential Braille character featu res are extracted and stored to fil e w ith 6 and 12 bit that can 

be turned on( I) or off(O) in any co mbinat ion. Thi s section, that depend on the result of the previous steps, 

describes how the a l1i fi c ial neural network is created, trained and tested to cla ss ify an inputs pattern as one 

of the target output results. The overall task of the recogni zer is to be ab le to class ify pattern extracted 

( in put, Brai lle character) into one oflh e possible target values (print character). For the purpose, the study 

app ly MATLAB ne ura l network too l box, wh ich is the most common ly used too l in Neura l Network 

researches such as creat ing recognizer. Thus, the next part o f the study di sc usses in deta il how th e network 

is des igned, crea ted, trained and tested within the fac ilit ies and the fu nctiona lit ies of the MATLA B too l. 
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4.7.1 Artificial Neural Network Architecture 

The first step to app li cation o f neural network to so lve a spec ifi c problem is designing the archi tectu re of 

the network. In thi s study, the architecture of the neural network created for the recogni tion prob lem is a 

multil ayer perceptron that accepts the binary representation of Braille character as input vector. The binary 

rep resentat ions of Brai ll e character as input vector are created from Amharic Bra ill e alphabet in two 

standards (6 bits and 12 bits) that have equal number of input nodes to the correspondi ng input layer of the 

network . Another input is prepared with 6 bits and 12 bits each from the Braille doc um en t. The two inputs 

with two d ifferent standards are prepared representing the Bra ille character for trai ni ng and testing the 

network. 

The diagram in Figure 4.26 is designed to descri be the architecture of the recognition system stalting from 

the Bra ill e character input to the print character recognition phase. The diagram depicts the two parts in 

the recognition process . The fi rst part ends with the extraction of Braille character as binary d ig it which is 

accomp li shed w ith Ms-v isua l C++. The next part recogn izes the print character whi ch is accomplished 

with MATLAB tool. 
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Figure 4.26 Amharic Braille-print recognition network architecture 

4.7.2 The Neural Network 

A feed-forward neural network w ith back propagation a lgorithm organi zed into three layers is created. 

The topo logy, or structure, of thi s network is typi ca l of networks used for pred iction and class ificat ion. 

The approach adj usts 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 des ired output of the network for the known patterns of input is fed to the 

network duri ng training. Accord ing ly, the network takes inputs, perform some operati on and prov ide the 

output usi ng the feed forward approach. Then the mean squared error between the des ired and the actua l 

output is ca lculated. If thi s va lue is found to be greater than the thresho ld th e error propagates back to 

adj ust the weights of each connection in the course of fi nd ing the optimal weight fo r each connection. 
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The network is des igned with two poss ibilities with respect to the number of nodes at the input layer: 6 

and 12 nodes. The binary representation of th e input character extracted and created in exce l fil e is fed to 

th e network after so me rearrangement of the rows and co lumns of each patterns . 

4.7.3 Braille Character Input Method for the Neural Network 

In MATLAB too l, to train the network the input pattern is first rearrange into co lu mn vector which 

conta in e lements eq ua l to the number of neu rons at the input layer. Accord ingly, bi nary representation of 

the Brai ll e characters is created in a fil e as 6 and 12 bits pattern of Bra ill e characters. The input is 

convelted in to one co lumn vector where each preceding co lumn of the character matrix will be appended 

one after th e other. 

Table 4. 10 Sample Amharic characters with same ASCII vallie 

Latin ASCII 
V/~ X@ 88 164 152 
'~ - 152 152 
(\, u? 11 7 163 180 

'/1 180 180 

' j . 0/0< 37 160 97 
C' a 97 97 

Before mak ing dec ision on output nodes it is wOlth to menti on that a ll Amhari c prin t characters (target) do 

not be represent with one ASC lI - code va lue. Examples of such character are g iven in Table 4.10. This 

situation res ults, two different Amhari c characters to have sa!ne va lu e (when convert to dec imal and add), 

whi ch woul d bring confu s ion on later conversion to pr int. So, to come up with uniform mapp ing, the 

character is ass igned index starting from I to 34, and I to 267 fo r the fou r different input set mentioned in 

sect ion 4.7.5 and thi s va lue is converted between the va lue 0 to I to fit the network output with Mi n-max 

normali zation formu la . 
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v '= V - minA 

Equation 4. J NUn-max normalization form ula 

T hus, the number of nodes at the output layer is dec ided to be one. After decidin g on the poss ible number 

of nodes at each layer, the next phase is creating the network and proceeding wi th the tra ini ng palt, whi ch 

is di scussed in the su bsequent Paft. 

4.7.4 Creating the Neural Network 

At thi s stage, everything is ready for creatin g and training the network . This part devoted to descri be how 

the network is created. As indi cated earlier, a feed-forward back-propagati on network is created with 

gradi ent-decent momentum training and adaptive learning rate. Training the network with two param eters 

momentum and learnin g rate is important for two reasons. First, learning rate is used to specify how the 

we ights are adj usted after calcu lating errors on the output layer. Likew ise, the purpose served by the 

momentum param eter is that, once the learning network knows to which direction to move on the lea rnin g 

curve, we ca n adj ust the speed of the network for faster convergence . The principle is that, once the 

directi on of convergence of the learnin g model is known mov ing fast towards the minima po int will 

speedup the learn ing process whi ch he lps to mi nimi ze the tota l tim e required by the network to learn 

different pattern s. In addition to fast convergence, the momentum will he lp the network not to get stuck at 

loca l minima. A loca l min imum is a point in the learnin g curve where the network error is minimum on ly 

to the po ints in its vic inity and not to the total learning curve. 

With too low momentum constant the network will be slow and may get stuck in loca l min im a. On the 

other hand, if it is set to large val ue, the network will have less probabi li ty of gett ing trapped in loca l 

minim a and wi ll converge fast, but it may a lso osc illate from one point to the other in the curve without 

touching the globa l minima. 

110 

-ark is accessed with 

lork traini ng fu ncti on 

cases, TRA INLM is 

va ntage is espec ia lly 

llgorithm , but it does 

:s as the error goa l is 

I/m '); 

Vllt nodes, ('/ogsig', 
lellt/y. 

!letwork to ach ieve the 
, 
Pis) Bra ill e character 

\on to train th e two 

(that use one cell 

lari ant 34 * 7), each 

ode. 

ctuation marks ( 19), 



Tra inin g dataset 4: contains 267 records for basic Amharic character (38 x 7), num era ls and punctuation 

marks (19), each w ith 12 bit (2 ce ll s) and with the correspondi ng print character ASC II -code . 

To train the network, different network parameters such as: goal , epochs, learning rate a re adjusted as per 

the performance of the network (see Table 4.1 I), and then input pattern s a long with matrix of target va lues 

fed to the netwo rk for training. 

Table 4.11 7hlining parameters for tIle proposed network 

function s: 
adaptFcn : 'trains' 
performFcn: 'mse ' 
trainFcn: 'trainlm' 

The line of in stru ction to perform the training is: 

parameters: 
goal: 0.001 
Ir: 0.2 

show:50 
epoch: 1000 

{Am/wricBrailleNet, trj; traill (AIIl/wricBrailleNet, BrailleIllput, PrilltTarget); 

Where: AIIl/wricBrailleNet is the neura l network created in the previous section , BrailleIllpllt is 
matri x where each co lum n represents one Brai lle character from the dataset and PrilltTarget is 
pattern of target output for each corresponding input. 

According ly, to train the network the three Braille character input file along with the corresponding target 

character file is g iven to the neura l network. Then, it has been repeatedl y trai ned with the orig inal dataset 

and w ith different no ise pattern which are randomly generated by the tra ining mod ul e. And there is SO 

iterat ion, which makes a tota l of 700 for each character pattern , which are prov ided 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 wi tll different test cases. In this study, testing is cond ucted in two steps: 
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• Test I: conta ins a tota l of 100 characters with two ce lls. 

• Test 2: contains a tota l of 350 characters w ith two cell s. 

• Test 3: conta ins test 2 and additional 100 cha'racters set. 

Accord ing ly, test set I , test set 2 and test set 3 have been g iven to Model- I , Mode l-2 and Mode l-3 
respectively. The performance of the neura l network for the three test dataset is g iven below in Table 4.13 . 

Table 4./3 Pelformonce rates for fest dataset 

Pe rfo rmance IRate of Recognit ion 
Netwo rk 

Test Set size Test Set 

Model -1 with 238 100 96 % 

Model -2 with 257 350 94 % 

Mode l -3 with 267 450 92.5 % 

The perform ance of the network is decreased with the test set. Th is is beca use there are some characters 

found in the test document fo r which the network d id not trai ned. Th is includes the exc lu ded punctuati on 

marks and numera ls. 

Finally, fro m th e three model s the researcher se lects the one with 92.5% per fo rm ance. The rat iona l is that 

th is mode l tra ined with tra ining set contained in the other two models plus add itional num erals set. And as 

di scussed in above the majority of the error attribute to numeral s and punctuation marks. Howcver, for the 

remain ing dataset the three network model s are produced similar performance. So it would be better to 

consid er the one that cons ider wide variety of character than the one with less character set. The art ifi cial 

neura l network algor ithm, adapted for the study is presented in Figure 3.6. 
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Appendix 

I. The first version of Amharic Braille 
Table 1.1 List a/vowels/ar firsl version Braille 

Vowe ls 1:4 2:5 3:6 1:5 2:4 2:6 2:6 
Va riant 1" 20d 3'd 4'h 5th 6'h 7'h 

Table 1.2 List oJvowelsforfirsl ver SfOl1 Bradle 

U 1:2:4 'Ii 2:3:4 
t'I 1:4:5 (Jl 2:3:4:5 
rh 1:2:4:5 0 1:6 
OD 1:2:5 tl 1:4:6 
tJJ 2:4:5 1f 1:3:4:6 
L 1:3 I' 1:4:5:6 
() 1:2 :3 JI. 1:5:6 
j'j 1:2:3 :6 :~ 1:2:4;6 
", 1:3:4 1 1:2:4:5:6 
n 1:3:4:5 m 1:2:5:6 
", 1:3:5 (.[.l. 1:2:3:5:6 
:,: 1:3:5:6 p, 2:4;5;6 
'j 1:2:3 :4 0 2:4:5:6 
" 1:2:3:4:5 ~ 1:3:6 
T 1:2:3:4:5:6 ,I, 1:3:4:5:6 
~\ 1:2:3:5 T 2:3:4:5:6 
II 1:2:6 

Table 1.3 List affirst VersIOn Extended Amharic Bradle Character 

,/1. 1:2 :3:4:6 2:3:4 
II" 1:2:3:4:6 1:3:4 
'~" 1:2:3:4:6 1:2:3:4 
1" 1:2:3:4:6 1:2:4:5:6 
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II, The second version Amharic Braille (1945) 

Table 11.1 US! a/second version Basic Amharic Braille character 

1" ]'" 1" i " u 1:2:5 U I 1:3:4:6 'fj 2:3:6 'Ii 5 2:3:6 
t'l 4:5:6 t.\ I 1:2 :3 m 2:4:5: 6 OJ· 2:4:6 
rh Not app ly (J Not app ly 
no 1:3:4 'J" 2:3 II 1:3 :5:6 1f 2:3:4:6 
IP 2:3:4 /-" 5 11' 3:5:6 11' 5:6 
t. 1:2:3 :5 C 1:2:5 r 1:3:4:5:6 f!. 1:4:5:6 
i'l Not apply Y. 1:4:5 .fl.' 1:4:5:6 
i'i 1:4:6 7i 1:5:6 J:: 2:4:5 :~. 1:2:6 
'f' 1:2 :3 :4 :5 ~, 4:6 ? 1:2:4 :5 '? 2:3:5:6 
0 1:2 ·0 4:5 m 2:3:4:5:6 rp 1:2:3:5:6 
·f· 2:3:4:5 --r 123456 m , 1:4 'T' 3:6 
:f: 1:6 ·t· 2:5 * 2:3:5 *. 3:4:5 :6 
. ) Not apply fJ 1:2:3:4:6 () 3:4:5:6 
~ 1:3:4:5 '} 1:2:4:6 )\ Not apply 
T 3:4:6 T 2:6 6. 1:2:4 c,:: 5 1:2:4 
~, 3 ~, 3:4 T 
h 1:3 h 3:5 

Table 11.2 Lis! a/vowels/or second version Braille 

Vowel 1:3:5 
Va riant 7 th 
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III. The third version Amharic Braille (1949E.C) 

Table 111.1 List of vowels/or third version Braille 

I Vowe l 2:6 1:3:6 2:4 1 1: 5 Independen t 1:3:5 
I Characte r Va ri ant 1" 20d 3'd 4th 5th 6th ]'h 

Table 111.2 List a/ third version Basic Amharic Braille character 

6t 
6tn 

U 1:2 :5 I'll 2:3:6 
A 1:2 :3 OJ' 2:4:5:6 
fh Not apply 0 Not apply 
9u 

1:3:4 11 1:3 :5 :6 
P' 2:3 :4 'lr 3:5:6 
C 1: 2:3 :5 f!, 1: 3:4:5:6 
(l Not apply ,~. 1:4:5 
'(j 1:4:6 "f: 2:4:5 
'I' 1:2 :3:4:5 '? 1:2 :4:5 
,(1 1:2 rp 2:3:4:5:6 
' I" 2:3 :4:5 "V' 1:4 
.".. 1:6 ~ .. 2:3:5 .., 

Not apply IJ 1:2:3 :4:6 
' } 1:3:4:5 l\ Not apply 
'~ 3:4:6 <): 1:2:4 
7, *1:2:3: 5:6 T 1:2:3:4 
II 1:3 

• Symbol mdlcates Braille code change made on the new version. 

Table /11.3 List a/third Version Extended Amharic Braille Character 

Amharic irregular character 
'h. 1:3 2:4 :5:6 
h· 1:2 :3 :4:5 2:4:5 
'~. 1:2 :5 2:4:5:6 
1· 1:2 :4 :5 2:4 :5:6 

128 



IV. The fourth version Amharic Braille (1949E.C) 

Table IV.l List a/fourth Version Amharic Braille punctuation marks 

Punctu. Bra ille code 4:6 and 4:6 
3 -7 2:4:6, 2:5 and 2:5 
6 and 3 f- 2:5,2:5 and 1:3:5 

..... 2:5 t 4:5:6 and 1:5 
! 5 and 2 ..t. 4:5:6 and 3:5 
- 4 and 1 5:6 
- 3:6 4 and 3:4:5 

3:6 and 3:6 ~,rl o)K.\1n 3:4 
5 and 2:3:5 3:4:5 and 3:4:5 
2 6 and 3 

- 2:3 2:6 and 3:5 
« 2:3:6 3:6 
» 3:5:6 4 

6 and 2:3:6 5:6 , 
3:5:6 and 3 5 

? 2:3 :6 2:5 and 2:5 .. 2:5:6 .. -//- 6 and 3 
! 2:3:5 4:5:6 and 4:6 
.. . 3,3and 3 4:5:6, 4:6 and 46 
( ) 2:3:5:6 X 1: 3:4:6 
[ 6 and 2:3:5:6 $ 4:5 
1 2:3:5:6 and 3 3:6, and 3:6 
* 3:5 and 3:5 
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V. Feature extraction Algorithm 

LeI cell_1 and cell_2 are array 10 store prefix and suffix of a characler respeclivelly 
Let BraillChar is an array defined to store a character conlaining cell_1 and cell_2 
Let hordolArr is an array 10 store vertical cardinale point of grids intersection of image 
Lei VerdolArr is an array to store horizontal cardinale point of grids interseclion of image 
Lellemp is an array 10 store currenl six dot as binmy digil 
LeI img is matrix same size as image 
Let dotColor is one pixel represenlation of dOl at mesh cordinate 
While h in hordotArr nOlnull 

For each w in Verda/Arr 
Ifpixel at img(w,h)equals to dOIColor IIFirsl column dot position 1 2 3 starls here 

settemp[O}~l 

else 
set tell1p[O} ~O 

end if 
ifpixel at img(w, h+ +)equals 10 dotColor 

sellemp[l}~l 

else 
seltel1lp[I} ~ O 

end if 
ifpixel at img(w,h+2)equals to dotColor 

sel temp[2}~1 
else 

sellemp[2} ~O 

end if 
ifpixel at img(w+ I ,h)equals to dotColorilSecond column dOI - 4 56 starls here 

sel tell1p[3}~ 1 ' 
else 

set lemp[3}~O 
end if 
ifpixel al img(w+1,h+1)equals 10 dOIColor 

sellemp[4}~1 

else 
setlemp[4}~O 

end if 
if pixel al img(w+ 1,h+ 2)equals 10 dot Color 

sel temp[5}~1 
else 

set tell1p[5}~O 
end if 
If is Vowel(lemp)equals to Iruel!check conlenl of a cell 

If BrailleChar cell_1 nol empty 

Else 
buffer lemp to cell 2 

buffer zero to cell_1 
buffer temp 10 cell_ 2 

//vOl·vel comes after consonat cel! otherwise thaI is wrong slarling 
End if 

Continued in the next page .. 
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Else if iSl1umberA1ode(BTemp}equals true or is Pul1ctualionA1arkPjix(BTemp} equals true 
buffer lelllp 10 cell_ I 
buffer zero 10 cell j 
go to nex! cell Ilunlile checkes next cell cell_2 set 10 defaull zero 

Else if BrailieChar cell_ I nol null AND isnull1berMode(cell_ I) is Irue 
buffer lelllp 10 cellj 
go 10 next BrailleChor 

Else if isconsonant(lemp}is {rue 
buffer lelllp 10 cell_ I 
buffer zero 10 cell j 
Co 10 nexl cell 

Else if isvowel(lemp} is true and isPunclIIalionNlarkPjix(BTemp}nol trlle 
buffer lelllp 10 cellj 

Else 
buffer unknown to cell_ ' 
buffer unknown 10 cell_ 2 
increment BroilleChor and Go 10 nexl cell 

End if 
Endfor loop 

end while 
while Broil/eChar not null I/wrile Broil/eChar to jile 

wrile cell_ l ,cellj lojile 
end while 
Ilf unction implementation 
Begin/ unct ion isnumberMode(integer temp} Ilchech Ihe current cell conlent is number mode 
leI nUll/Mode array for nUlllber lIIodell{O,O, I, I, I, I} 

f or each x,y in I1I1I11Nlode, temp 
ifx nol equals y 

return false 
return true 

junelion end 
Begin j imclion is Vowel(temp} Ilcheck the cllrent cell content is vowel and relUrn 
leI vowel is em array for braille 
characlerll {O, 1,0,0,0, I};{ 1,0, 1,0,0, I} ; {O, 1,0, I ,O,O} ;{ I,O,O,O,O,O};{I,O,O,O, I ,O} ;{ 1,0,1,0, I,O} 
let hit is boolean 

for each cell in vowel 
sel hil f alse 
for each x,y in cell,lemp 

ifx equal y 
set hit [rue 

else 
go {a next celli/break inner loop 

if hil Irue 

relllrnfaise 
junction end 

rellirn Irue 

Begin/unction iSPUl1clllation(temp} Ilcheck cell content is one o/pllnclUation mark priJix cell 
leI PuncMarkS is an array for punClual ion prijixll{O,O, 1,0,0,0;0, 1,0,0,0,0,0,0, 1,0,0, I ;0, I, 1,0, I, 1;0,0,0, 1,0, ' ;0,0'/ , I, I,O} 

lor cell in PuncMarks 
sel hil false 
for x,y in cell,temp 

ifx equals y 
set hitlrue 

else 
go to next cellilbreak inner loop 

if hit is trlle 

relurn /alse 
function end 

return true 

Figure V,l Feature extraction algorithm based on grids-mesh and contextual approach 
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VII. Sample Braille Image 
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Figure VI/.l Sample Braille image with Gray·color 

~ -

-

133 

~ 

... - ...... .." 

~ 

w ...... -. .. 
.. ......... - ........... --

- --

.----
~ 

-~ .. 

-- .. .. .. .. .. ... 

I 
I 

) 



Declaration 

I, the und ers igned, dec lare that thi s thesis is my orig inal work and has not been presented as a partial 

degree requirement for a degree in any other univers ity and that all sources of materia ls used for the thes is 

have been duly acknowledged. 

Teshome Alemu 

March 2009 

The thes is has been sub mitted for examinat ion w ith my approval as uni versity adv isor 

, 

Dr. Mi lli on Meshesha 

March 2009 

134 


	MX-M464N_20200306_150121
	MX-M464N_20200306_150143
	MX-M464N_20200306_150229
	MX-M464N_20200306_150303
	MX-M464N_20200306_150339
	MX-M464N_20200306_150417
	MX-M464N_20200306_150443
	MX-M464N_20200306_150546
	MX-M464N_20200306_150623
	MX-M464N_20200306_150658
	MX-M464N_20200306_150724
	MX-M464N_20200306_150749
	MX-M464N_20200306_150807

