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Abstract 

According to the Il1Iernational E)'e Foundation (IEF) reports, there are currently abolll 45 filii/ion visually 

impaired people in the world, the vast majority of which has been living in Aji-ica In Ethiopia, the latest 

census indicates that there are well over half a million visually impaired individuals including: studel1ls. 

lawyers. teachers, researchers, artists etc. So far, Braille has been the most invaluable means for visually 

impaired individuals to communicate to the world. Brodie called after its inventor Braille Luis is a /(Icl i/e 

writing means that cons ists of six dols arrangement in 2-by-3 matrix in a cell. Societal supporl is 

important to rebuild lives devastated by sight loss. These days technology has contribured a paramount 

value 10 the society in facilitating two way communications. Recently, optical character recognition 

(OCR) technique has been implemented for the recognition of Braille documents scanned with standard 

scanning device. 

In this study, an allempl has been made in Amharic Brodle-Io-print documents recognition. To achieve 

this, various techniques has been reviewed, developed and adopted. The proposed system peljorms the 

required recognition in two phases: these are recognition of Braille character and Braille-to-print 

character. The jirst phase involves four steps such as thresholdinglBinarization, image-segmentation, and 

feature extraction and recognition. Global-threshold has been implemel1led to binorize the foreground 

(col1len/) ji'om the background. As Braille cell are strictly arranged horizontally and vertically, mesh-grid 

technique has been adopted for segmentation process. With mesh, dOls are extrocted following the 

vertical and horizontal grid line. Having done this, in feature extraclion the ::,yslem once aga;n lakes 

advantage of Ihe mesh. So, during this sleps dots are filrther grouped in to cell, which would Ihen 

recognized with context analysis based on rules defined. To accomplish the first phase Microsoji Visual 

C++ programming tools has been used. 

The second phase, deals with classification of Braille-to-print. To this end MA TLB 's implemel1lation 0/ 
thefeedforward artificial neural network has been utilized. 

The neural network classifier has been trained on Amharic Braille with Amharic print as the target 

character. lV1oreover, the p el/ormance of the model has been evaluated with test sets that are prepared 

.fi'om the Bl'Clille document. 

Evel1fl.lally, the s tudy has shown beller p el/ormance 'rv;th all tra;n;'7g and lest set, with 92.5% aceurale. 

xv 



Chapter One 

1. Introduction 

1.1 Background 

"Every day 100 people will start to lose their sight offering practical support and 

information to anyone with a sight problem. Your support helps us rebuild lives 

devastated by sight loss. "[2}. 

Accord ing to the International Eye Fou ndati on ( IEF) [5] reports, the re a re current ly about 45 million 

b lind people in th e world , th e vast maj ority of which has been li v in g in Africa. In Ethiopia, th e latest 

ce nsus indicates that the re are well over 500,000 blind people in the co untry. 

It is und eniable fact that v isua lly impai red people are part and parcel o f the soc iety and p lay sign ifi cant 

ro le in the soc iety [6] where they li ve in. So far there are different touc h and/or hear means and system 

created fo r v isually impaired peo ple as a mea ns to reach what the world has in printed doc ument [6]. One 

orthe most va luable and indi spensable system is through the use of Braill e . 

1.2 Braille Writing System 

Brai ll e is a code which enables v isuall y impaired peopl e to fea d and write. It was invented by a v isuall y 

impa ired Frenchma n, Lo ui s Braille, in 182 I [33 ][39] [47]. Brai lle is comprised of a rectan g ular cell and 

each ce ll is made to co nsist up to six-dots, tha t makeup up to 63 poss ible combinations of different 

characters set o r sequences of characters usin g I to 6 dots [6][29][4 I]. The differen t arrangement of ra ised 

dots in a 3-by-2 Brai ll e is presented in Figure 1. J. 

Currentl y there a re two types of Brai ll e sty les that are co mmo nly used in the worl d from the English 

character set , i.e .. American Braille and France Braille sty le [33] [47] Howeve r. Illost cou ntri es adopt 
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images a re no isy the se lect ion of thresho ld va lue is problematic so considering a histogram made up of 

on ly those p ixe ls that lie at or near the edges of the Braille dots improve the segmen tat io n process [14]. 

Feature extracti on is a representational mechanism of the Braille image. The ma lll function of feature 

extraction is to extract the Bra ille dots fro m the bina ry image and grouping them into cell s. In thi s case, as 

the shape o f a Brai lie dot is known, the bou nd ary poi nts of the dots ca n be o btained by th e boundary based 

Chain Code algorithm that detects the boundary coordinates of the Bra ill e dots. So o nce the coordi nates of 

the dots a re detected , the diameter of the dot can also be deduced [14][26]. 

Jl1lerpretalionlC/assijicalion: is the final operation that converts th e Braille cel ls into the respective text 

(c haracter). It invol ves groupi ng the Brai lle dots into ce ll s and converts them into the text by dete rm in ing 

the centriod between dots and the four possible neighbors. Each word is then checked agai nst di ctionary. 

I f the word ca nn ot be fou nd, then the word with the highest percentage of si m i larity wi II be se lected and 

wi ll be hi gh lighted for later edition [14] . 

1.4 Statement of the Problem 

Since the introduction of Amharic Braille in Ethiop ia the re has been mass ive Braille documents that have 

been produced and found at different pa rt of the co untry: typica lly AAU Kennedy library at Braill e 

doc umentati on, Sebeta v isually impaired school , Germ an Ch urch v isua lly impai red school, Ethio pian 

Association for Blind society (EABS), Entoto Blind people sc hoo l and a lso in different reg ions of the 

country (o utside Add is Ababa) inc luding the Ethi op ian Orthodox Church are worth to mention. Moreover, 

for a lo ng period of time Braille had been and is an invaluable mean s for visua lly impaired indi vidual s 

[43][47] to document ideas, concepts, knowledge and so on. There are well mo re than half a million 

visually impaired indi vid ua ls [4 1] that span students to teachers, artists to lawyer, thinker to cmpl oyee 

who have and play s ignificant contributi on [47] in politica l, re lig ious, econom ic and soc ia l am,ir o f the 

society. 
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There are many v isua lly impaired teachers from e lementary to hi gh schoo ls and co lleges to uni versit ies 

who have used th eir Bra ille as the only means to cod ify tl)eir know ledge. There are visua lly impa ired 

students in higher education. There are al so many visually im pa ired artists and writer who had and ha ve a 

lot to share fo r the societ ies they li ve in. Howeve r most of their work still remained in thei r Braille (4 7) 

and of co urse accessed by chance by those who can kn ow, read and wri te Brai lle. There are ma ny v isua lly 

impaired employees' who have been workin g in govern mental and nongovernmental organ izatio ns. There 

are attorney who work around the COUlt area. Bul how many of them are really reached 10 Ihe vision 

society? How much efforl is expecled 10 can verI Braille 10 prinled format? In fact there mi ght be very few 

attempts that have done in this a rea to produce the Braill e docum ent in printed format e ither through ora l 

dictat ion or by vis ion indi v iduals who have the skill to read and write both Bra ille and the pri nted 

character. Even thi s is hardly reached to success as the transcription is very cumbersome. Accordi ng to 

(36) , unti l recen tly, creating book in Braille was time takin g process. Whic h woul d in some cases cQul d 

take hundred s of hours. 

As Nebyulue l (47) notes, unl ess there is a smooth information fl ow fro m v isua lly impaired people to 

v ision and vice versa people do not have the necessary in format ion about visua lly impaired people. And 

the work of many v isua lly impa ired people would have remained buried (4 7). Thi s would create a wide 

generation ga p between the visua lly impaired and sighted soc iety. 

Nebya lule (47), a lso discuss many iss ues concernin g the v isua lly impai red indiv id ua ls including: societies' 

atti tude towa rds th em, their competence to learn and accomplish di ffe rent respons ibility citing d iffe rent 

ta lented and competent visua lly impaired indi v idual from abroad and loca l, what v isually impa ired people 

expect from the soc iety. A ll the issues di scussed fo rwa rd signifi cant message for the s ighted society to 

g ive respect, understa nd their capab ili t ies, and share their feel ing c reating awareness among soc iety for 

the we llbei ng of the v isua lly impaired and sighted soc iety in genera l. In facl Ihere is no one who knoll's 

and describe abolll visually impoired individuals more Ihan Ihem. So we have to look for mea ns by which 

the vis ion soc iety can access their work . 
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Since 1997. there are a nu mber of research work s in the applicati on o f OC R techno logy in one of 

Ethiopia n Imu or language, Amharic. These include th e work of worku (42), Ennias (18] , Derej e (16) . 

Berhanu [ II ), Mill ion (3 1) , and Wondwesson (40) . However, al l of these resea rch works were conducted 

on Amhari c printed text docum ents that are either produced manua ll y o r ty pewritten or computer printout. 

Literature d isclose that different attempt ha ve been done to deve lop Bra ill e OC R system that work on 

some language incl udi ng Engli sh, Arabic, Chinese and Indian to fac il itate two way communi cation and 

knowledge transfer between visuall y impa ired and vision society. However, none of the OC R Bra ille 

system deve loped abroad supports the Amharic Braill e. 

To the best of the researcher ' s knowledge, none of the precedi ng o r any other works attempted on 

Amharic Bra ille OCR. Hence thi s study inves tigates the poss ibili ty of deve loping Bra ill e recognition 

system for Amharic Language. 

1.5 Objectives 

The general and list o f specifi c o bj ectives of th is study are presented be low. 

1.5.1 General objective 

The genera l o bj ect ive of this research is to deve lop Amharic Brai lle OC R that enable to recogn Ize 

opti ca lly scann ed Amharic Braill e and convert to the eq ui va lent pr inted Amh aric text character. 

1.5.2 Specific Objectives 

In attempt to acco mpli sh the aforementi oned general objecti ve, th e study accompli shes th e fo llow ing 

spec ifi c obj ecti ves. 
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• Rev iew previous re lated work in the area of Bra ille recognition so as to understand the domain 

area and assess d iffere nt algorithms for Brai ll e image preprocessi ng, segmentat ion, feat ure 

extracti on, class ification, and character mapping technique. 

• Ana lyze the features and pattern of Amhari c Bra ille code sty le for visua lly impa ired indiv idua l. 

• Understand the applicati on o f Neura l Network approaches fo r Bra ill e code recogn it ion. 

• Des ign a lgori thm s required fo r th e va rious steps (preprocess in g, segmenta ti on, featu re extracti on 

and class ifi cation) invo lved towards Amhari c Bra ill e recogni tio n. 

• Test and eva luate the perfo rm ance of the a lgorithm s deve loped by co llecting sa mpl e Amharic 

Bra ille doc um ents. 

• Ma ke conclu sions and forward recomm endations based on the test results. 

1.6 Justification of the study 

Awareness among the soc iety about visua lly impai red peopl e wo uld be more pro mi si ng if and only if 

there is two way commun icatiun btl wt:tJl the visually impaired and vision soc iety. Experience or others 

coun try shows that optica l Braille recogn ition has many benefi ts to Bra ill e users and those who work w ith 

them and/or wou ld need to see thei r work in fac ilitati ng commu nicat io n. It serves as a bri dge between 

visua lly im paired and vision soc iety. Besides, the outcome of the research wou ld sign ifi ca ntly red uce 

sto rage space [6)[4 1] as the s ize and re lated vo lum e o f Braill e docum ents is re lative ly large as co mpared 

to the print doc ument. OC R is an important techno logy to convert the inform atio n conta ined in Bra ill e into 

e lectro nic format whi ch would be more useful in information era [6][40] as it preserve Bra ille out-of-print. 

Moreover as the reproduction of Brai ll e is cumbersome this research wo ul d lay a fou ndation for future 

work in o rder to come up with an applicable Brai lle OC R system. 

So far there a re many attempts that have been do ne to SUppOlt visua ll y impa ired individuals to access 

many of the printed doc um ents. Thi s attempt is success ful in other language in d iffere nt country through 
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computer app licatio n. To the researcher know ledge, th ough there are d ifferent proj ect started to develop 

Amhari c Embosser, i. e. to tran scribe print text to Bra ille, the re is no Jullj/edged program that has 

successfu lly compl eted and working in Amharic Braill e. Thi s research is aimed at investi gatin g the 

poss ibility of convelt in g optically recogni zed Bra ill e in to computer understandable format. 

Thus, the objecti ve o f thi s research would have signifi ca nt contr ibuti on in makin g access ible what visua ll y 

impaired society had and do have fo r the sighted society creating awareness. Thi s would be the first 

attempt that would bridge the gap between the two scripturall y departed societ ies: vis ion and Bl in d. 

1.7 Methods 

Bra ill e recogni tion invo lves various steps of image process ll1g. Research makes ava il able var ious 

techniq ues towards such a prob lem. S in ce the main ai m of ti,e thes is is to adopt andlor dev ise a lgorithm s 

that perform AlI1hari c Braille recognition , va rious methods of research are rev iwed. The fo ll ow in g part 

has been describing research methodo logies used. 

1.7.1 Literature Review 

Re lated li terature on the area of OCR Braille recogniti on and conversion to pr in t has been thoro ughl y 

reviewed frolll various sources including: articles, books, j ournals, magaz ines, proceedings and the 

Internet. This is done to und erstand different OCR recogniti on techno logy, to map techniques and 

a lgorithm s so far identified so as to address the related problem domain. 

The researcher would beli eve that thi s has a paramount significant as the a im o f thi s research is to adapt 

andlor deve lop an al gorithm that perform the required Brai ll e recognition for Amhar ic Bra ille and convert 

to the correspondin g text representation. 
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1.7.2 Implementation Tools 

For th e purpose of devel opin g Braille OCR that converts to the equi va lent Amharic text, M icrosoft visua l 

C++ programming language is used. This is because of the fact that it min imi zes the effort required to 

structure so urce code which is tim e-consumi ng, and del ivers increased performan ce and prod ucti vity by 

enablin g deve lopers to leverage existing skills. 

The researcher has also used neura l network for the purpose o f class ificati on o f Braille dot fo r the very 

reason that it is designed to address problem s that are o ften complex, such as pattern recognition and has 

the abi li ty to learn from example. 

1. 7.3 Testing procedure 

Testing is an impo rtant step to measure the performance o f Amharic Bra ill e recognizer that is designed in 

th e present research work . Test is carried out using patterns extracted from the Bra ille docum ent. Once the 

network has been tra ined for Amharic Braill e characters, num erals and punctuation marks, the 

performance o f the network tested with total of 550 Braill e characte r. 

1.8 Scope and Limitation of the Study 

The a im of thi s study is assess ing the potential application of OC R techno logies to recognize Am haric 

Brai lle, so as to help improve the information access ibi li ty between v is io n and v isually impaired soc iety . 

The scope o rthe research is lim ited to convel1ing Am haric Braill e character to print character for Si ng le­

sided Braille , that are embossed on one side of Brai lle paper 

Given an im age of Brai ll e, an attempt has been made in thi s research work to adopt OC R algorith ms fo r 

Amharic Brai lle recogniti on and app ly MATLAB neura l netwo rk too l to build a model that c lass ify 

Braille dot in to print character. The study has made experim ent on the appli cab ility o f se lected 
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preprocessing, segmentation, feature extraction, and classification tech ni ques fo r the recognition of 

Amh ar ic Braille. 

The study planned to perform on a ll Amharic Braille character, num era ls and punctuation mark s. 

However, because of tim e constra ints the current study could not conducted in extended Am haric Bra ille 

characters, Ethi op ic numera ls and some punctuation marks. Besides, Bra ill e character defined with one, 

two and three ce ll s. Braille character with three ce lls is not inc luded in the study for the same reason. 

Moreover, many sample Braille document, with variety of content co ul d not be fo un d as reproduction of 

Braille is cum bersome. 

1.9 Application of result 

The outcome of the study wi ll have s ignificant co ntribution to bridge comm unicat ion gap between the two 

sc ri ptu ra lly separated societi es: sighted and visually impaired in teachin g- learning process, work area, 

just ice, and art. In many cases different organ izations parti cul arly re frain to hire visually impaired 

indi vidual s as they wo uld have no means to communicatejormally through written docum ent unl ess there 

is someone who med iates in between to transcribe what the v isually impaired peop le produced in to 

printed fo rmat. Student at different leve l: e lementary, h igh school and hi gher-ed ucati on w ill benefit from 

the outcome. The outcome also benefit lawyer visually im pai red ind iv id ual in the ir work environm ent. 

Accordingly, the government and the non-govern ment organizat ions, and the cOllllllunity at large, \·vill 

bene fit from the researc h, as th e output of th e research contributes fo r deve loping a practi ca l appli cation. 

1.10 Organizations of the Study 

The paper is orga nized into fi ve chapters. Chapter one introd uces the present researc h prob lem, objectives 

of the study and methodolog ies adopted. In chapter two an attempt has been made to rev iew literatures in 

Am hari c Braille sys tem, features of Braille character and characteristics of Bra ill e recogn it ion. Rev iew of 

re lated researc h work in Brai ll e problem doma in a long with the tec hniques used is al so di scussed. Chapter 
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Chapter Two 

2. Review Literature 

2.1 Introduction 

Since its invention by French blind man, Louis Bra ille, Bra ill e has been adapted to nea rly every language 

on ea rth and remai ns the maj or med ium of literacy fo r blind peop le everywhere [47](33]. For the last 

many years, restl ess e ffo rts have a lso been made to improve the Bra ill e system in every dim ension. The ir 

efforts expanded over the last decade with the coming of the computer age. 

Literature revea led that since the introduct ion o f OCR techno logy the re have been d iffere nt attempts to 

exp loit the potentia l appli ca b il ity of the techno logy to Bra ill e docum ent in di ffe rent pa rt of the wo rld [2 1]. 

Though, there has been a great deal of research work cond ucted o n the appl ication of OCR to Amharic 

printed doc um ent [18][3 1][40] , nothin g is so fa r started to expl o it th e potenti a l appli ca bili ty of OC R to 

Am haric Bra ille documents. Accordi ng ly th e work o f d ifferent researchers in an attem pt to Bra ille 

recogn ition from abroad arc rev iewed in thi s study. A n attempt was IflCH.le as ea rly as in \98 8, by lJubus et 

al. [4 1] to des ign an a lgori thm wh ich translates rel ief Bra il le into an eq ui va lent print character vers ion on 

paper. An d a recent attempt was also made in New Zea lan d [6] , Spa in [32] and Tu nis ia [41] , respectively 

towards the recogniti on of Bra ille doc um ents. In thi s chapte r, techniques and approach to Bra ille OC R is 

rev iewed to show how it is do ne an d what is to be done there by enli ghten the direction of th e resea rch 

underway. 

To provide an overview o f th e prob lem do main , the di scuss ion of Amharic Bra ill e writin g system is a lso 

presented before the rev iew of Brai ll e OC R system. In addition, Amha ric Bra ill e code representa tions are 

di sc ussed . Thi s is impo rta nt in the subsequent di scuss ion of feature extrac ti on of the Bra ille dot 

recognition. 
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2.2 Amha ric Writing System 

According to [10][3 I], the present writing system of Amharic is taken from Geez (evo lved out of Sabaean 

lan guage) whi ch was brought to the hi ghlands by immigrant, fro m south Arabia in the first century AD . 

Geez, wh ich was remained the medium of re lig io us and lite rary express ion in Ethiopia until the 16'" 

century gradually gave way to Amh ari c . 

Before the Amharic characters (Fide l) have got the ir ex isting shape and number o f symbols, th ey ha ve 

gone through a seri ous of changes by adopti ng and using the Sabaean and Geez scripts over a long period 

o f tim e [10][18][31] , 

By the time Geez was replaced by Amhari c, Amhari c took, for the purpose of writin g, a ll the 26 symbo ls 

which were used in the Geez language, In add iti on, Amhari c has created e ight add iti onal symbo ls to 

represent sou nds not fou nd in Geez [ 10][31 ]. Thi s inc reased th e tota l basic sym bo ls used in Am haric 

wr iting system to 34; out of which 33 are core character and I is a special character. 

2.2.1 The Amharic Characters (Fidel) 

Currently, Am hari c lang uage consists of 33 core characters each of which occurs in seven orders (one 

basic form and six non-ba sic forms), representin g syllab le combin at ions consist in g of a consonant and 

fo ll owi ng vowe l [10][47]. Thi s bro ught the total number o f core characters to 23 1(33x7) . Li st of th ese 

basic characte rs are shown in Figure 2.1. 
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u u· 'I. '/ 't U If 
fl fl· fl. " t'l. /,\ fl·· 
rh (h· rho d t rI" ;h (h 
lTD lTD· O1i. "'I 0'1. 9" qn 
,)) f)J. "L "/ "/. P' '/' 
t. .;. t- /,. G, C C' 
(\ (\ . (\. I'] (\. (\ (I 
n n· n. '/ n. u i'i 
", <I: 'L: ~, '/: ;" ,'~ n n· n. q n. ·n "/ .., . 'j : 'I; ;J' 'f; ,). ·r· 
;1: ;,, :r: , . ;1' ;J: :f y 
'j ' j. ,·t ;) i. ", " '" 
'/ ~. II. e; 'L ' } <;' 
'1 ,~ ". l1 ,~ 

:~ '{,i" I' I. /, 

~\ ~t · h. >. ~\. 7. ~, 
(Il (Il. 'p. 'I' 'p. (Il. {JJ 
0 o· '1. '} '}. 0 P 
h h· h. fJ h. h I" 
'fl 'fl' 'f" 'li 'Ii. 'Ii 'Ii 
II II· II. 'j II, 11 /., 
1r 1F 1C '1r 11: 'if 11' 
\' ~ r.. y ~ f!. \,. 
1 l' 1. ;J 1, '7 'I 
g. .<\. ,(~. .<\ ,I!" .(': 1', 
:~: :q: Po '. :'{ J>: :ri: ;0: 
m m· m. fTJ m. 'I' (11 
ill (,f,): (.1.1. "'i (,J~:' "I]' (,'ib 
7, 7,. :·t fl: 7" 7.' Y-
O O· ~. P, '\. 0 P 
)\ )\. )\. )\ )\, )\. Po 
6. 7' 6, £,. & .. <;: ~ 
T 'F T :r 't· T T 

Figure 2.1 Amhartc Core Characters 

In add it ion to the 23 1 core characters, there are others, which are indicated below [44][3 1]: 

• Special characte r (11), which has a lso seven forms, and has used to represent the ' v' sound o f words 

in Lat in-based languages . 

• Labia li za ti on character, a tota l of 44 symbols to represent specia l features. Such symbols include 

• Punctuati on cons isting o f word-d iv ider(:) , end o f sentence indicator(: : ) . comma(' ) • scm i-co lon(, ) 

and other Latin-bo rrowed symbo ls like questi on mark(?), exc lamati on po int(!) • quotes(" "), and 

parenth esi sO (441131) 
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• Numeral s whi ch consists of symbo ls for I to 9 (ii , ~J' ,!i,?; , r"r"t ,n), for l11ultiple of 

ten(?;· ,<l),:'i ,.'U·,if; n·)) for 100 m and for 1000(1';') [10) [44) [31). 

Hence, the total number of symbo ls used in Amharic writi ng system ri ses to 310, the composition bei ng as 

presented in Table2.! [44][31]. 

Table 2.1 The lOlal number a/Amharic characters by Iype 

No Type of Amharic characters No. of characters 
1 Core characters(33x7) 231 
2 Spec ial characters(lx7) 7 
3 Labialized cha racters 44 
4 Punctuation marks 8 
5 Numera ls 20 

Tota l 310 

Besides, as noted by [ 10][31] the ori g ina l Amharic character set have no symbol fo r represent in g zero, 

negative numbers, decima l po ints, and mathematica l operators for perform ing arithmetic competit ions. 

2.3 Evolution of the Amharic Braille 

The hi story that woul d g ive bilth to Brai lle is rootcd deep in times lo ng past after King Loui s the Ni nth of 

France suffered a c rushin g defeat in the Sixth Crusade [39]. 

As descri bed in section 1.2 of the first chapter, Brail as modern to uch education for visuall y impa ired 

peop le stalted in 1917 E.C. S ince then, it expands to d ifferent palts of the country. In between, many 

im provements have been made before it takes the current shape of Am haric Brai lle [44][47]. 

The first Amharic Brai lle in troduced in Ethiopia was com prehensive and complete . It consider a ll 

characters that ha ve s imil ar so und such as (U, rh , .'/), (n, u» , (0 , },), (0, 7.) includi ng pun ctuatio n marks 

which a re used wh ile reading, and al l variants, except the Geez characters ( li ke. Some part of the ho ly 

bib le: Lukas, Mark gospe l, Jho ne gospel , So lomon , Mezmu re Dave were publi shed by thi s Amharic 

Brai lle and reac hed to the bli nd soc iety by the time [47]. 
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In 1944 E.C, the world assoc iati on of blind soc iety made some chan ge on the earli er Amhari c Brai ll e 

code. The change was made in two parts: the first was made to el iminate the red undant Amha ri c 

characters which have similar sound as menti oned above. The second change was made on the num eral 

parts that replace the Eth iopia n num era ls with the Eng li sh num erals. S ince thi s tim e the modified Bra ille 

was d istri buted to a ll blind schoo l in Ethiopia by the Ameri can mi ssionary and the teachers were 

ann oun ced to adju st the ir system with the new one [44][47]. 

Later in 1948 E.C, the Amharic Braille was subjected for improvement fo r the third tim es when Sir Cluth 

Mecan ize, the cha ir person o f the worl d blind soc iety, came to Ethi opia for visit. Thi s t ime the 

imp rovement was made to fu rther reduce the variant o f Amhari c characters [44][47]. 

After the 1948 amendm ent, the 3'· vers ion of Amh aric Brai ll e was used for a lo ng time un til anothe r 

attempt was sta lt ed to modify in the 1980's E.C. 

O nce aga in afier extended study fo r 12 yea rs the 4'" version of Amharic Brai lle was publ ished in 1995 by 

Eth iop ian blind society assoc iation that was given the malldate to assess many issues to make the 

appro priate modificati on on the exi sting Braille code [44]. 

The Amharic Braille subjected to many improvements and change as it was designed by the American 

does not cons ider many issues set by the worl d blind associati on [47]. Some of these rul es and proced ures 

which should be considered in adoptin g Braille to loca l language are the fo llowin g [47]: 

• Different languages sho uld have simi lar Braille code. Thi s is not to destroy the cultura l nature of 

the lite rature o f the language and di stOit the sense and meanin g, rather thi s is to s implify th e 

international publi cati on, to avo id di ffi culti es for those blind who are interested to study different 

language, and to create com mon understanding among blind society in the wor ld. 

• As per the rul e, lan guage that have the sa me sound o r re lated lan guage that a re s imilar in sound , in 

character num ber and type should have similar Brai lle code structure. Howeve r, this does not 
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imply, those languages that are different should have s imilar Bra ille code. For in stance, Eng li sh 

and European lang uages like French, Latin, German, e tc do have s imi lar foundation in literature. 

Moreover, they are similar in the number of characters, sound s, thus, have sim ilar Braille code. 

As Nebye leul [4 7] notes, the Amharic lan guage has its root from Seabian and Arabic and a lso from 

differe nt Semati c and kahm language. Hence, according to the rul e of the world blind soc iety assoc iati on , 

the Amhari c Braille shou ld consider those Braille code. 

The early Amhari c characters adopt the Eng li sh character which does not represent the ri ght so und. And 

for th e va riant of Amhari c character ass igned the fi ve Eng li sh vowe ls such as ' H' to represent the three 

Am haric character of same sound (V, rh, "/l (47). 

2.4 The Amhadc Braille Code character 

Amharic Braille has been subj ected for different improvement s ince its introducti on in Ethi opi a. After the 

last amendm ent, whi ch was made in 1993E.C, the fourth vers ion of Amharic Brai lle has been used for a 

long period of time throughout th e county. Thi s part of the study g ives de tailed descripti on of the fo urth 

vers ion of Amhari c Braille code that is in use currently and the focus of the current study. The other three 

versio ns of Amha ric Brail le are g iven in appendix I, 0, III and IV 

2.4.1 The Fourth version Amharic Braille 

After 12 years extended study on the third verSion Amha ri c Braille code, once aga in th e Braill e was 

revised for the fourth times in 1993 E. C. Th e justifi catio n was come from th e fa ct that blind kid should get 

th e Braille simple to learn. Bes ides, the vo lum e o f Bra ille, docum ent, li mited comb in at ion o f dots for 

characters, and diffi culties to present as a lega l docum ent was the rati onal to recons ider for am endm ent. 

However, so far nothing is found best for blind than the Braille . The task force which was appo inted by 

the blind assoc iation conduct tho rough examinat io n o n the third Braille vers ion and made improvement 

arou nd three aspects [44][45]: 
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• Create eq ual number of Braille code that match to printed character. 

• Modify the punctuation by tak ing most from the Eng lish. 

• Inc lude th e Am haric Ilumerals. 

According ly, Bra ille dot comb inati on has been approved and di stributed to be used by different bl ind 

institutions has sho wn in 

Table 2.1, Table 2.3 and 

Table 2.2. To make the representatio n c lear a character " U" in Braille wo uld have the fo ll owin g 

appearance (see Figure 2. I): 

1-04 

2--5 
3006 

1004 

2-05 

30-6 
Figure 2. 1 sample representation afBraille code 

Table 2. 1 Forth version Amharic Braille character 

~ 51 form (character) 6" form (characte r) 
I Vowel 

/J 1:2:5 2:6 U 1:2:5 
t'I 1:2 :3 2:6 1:1 1:2:3 
rh *1:2:6 2:6 ;" *1:2:6 
uo 1:3:4 2:6 9U 

1:3:4 
{).J 2:3:4 2:6 P' 2:3 :4 
t.. 1:2:3:5 2:6 C 1:2:3:5 
t'I *1:4:5 :6 2:6 Il *1:4:5:6 
i"i 1:4:6 2:6 '(j 1:4:6 
'I' 1:2 :3 :4:5 2:6 :" 1:2:3:4:5 
n 1:2 2:6 ·n 1:2 
-I- 2:3:4:5 2:6 -I- 2:3:4:5 :,, 1:6 2:6 l ' 1:6 
-~ *1:5:6 2:6 ~, * 1:5:6 
~ 1:3:4:5 2:6 ') 1:3:4:5 
T 3:4 :6 2:6 "i 3:4:6 
j, 1:2 :3 :5 :6 2:6 i, 1: 2:3:5:6 
h 1:3 2:6 h 1:3 

1 51 fo rm (character) 6" f urm (character) 
I vowe l 

'Ii 2:3:6 2:6 II 2:3:6 
w 2:4:5:6 2:6 m· 2:4:5:6 
(J *1:2:5:6 2:6 IJ *1:2 :5:6 
II 1:3:5:6 2:6 'II 1:3:5 :6 
1r 3:5:6 2:6 1r 3:5:6 
I' 1:3:4:5 :6 2:6 f. 1:3:4:5:6 -_ .. _ .. -
. ~ 1:4:5 2:6 .~ . 1:4:5 
"f. 2:4:5 2:6 "f. 2:4:5 
7 1:2:4:5 2:6 "/ 1:2 :4 :5 
(f1 2:3:4:5:6 2:6 l' 2:3 :4:5:6 
(,f.). 1:4 2:6 6J~ ' 1:4 
7, 2:3 :5 2:6 7,' 2:3:5 
fl 1:2 :3:4:6 2:6 IJ 1:2 :3:4:6 
l\ *2:3 :4:6 2:6 l\' *2:3 :4:6 
.I. 1:2:4 2:6 ~ 1:2:4 
T 1:2:3:4 2:6 T 1:2:3:4 
IT *1:2 :3:6 2:6 ·il *1:2 :3:6 

* Symbolmdlcates Braill e code change made o n th iS new verSion. 
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Table 2.2 Fourlh version Amharic Braille vowels 

I Vowe l I 2:6 I 1:3 :6 I 2:4 I 1 I 1:5 I Not app ly 1:3:5 I Character position I 1" I 2"' I 3'd 1 4th 1 5th 1 6th i h 

The s ixth vari ant o f the characters are decided to conti nue without vowe l attachment as it has been used in 

the th ird version of the Bra ill e. Regard ing punctuation mark, codes in Table 2.3 are designed. 

M ost of the punctuation marks are not nm·\!, however much focus had not been given so fa r. T hus, in the 

new Braille they are incl uded as most of these symbo ls feel new by many b li nd soc iety, accordi ng to the 

rev is ion committee report [44]. 

Table 2.3 Amharic Braille pU17clUation o/the lasl version 

Punctu . Braille code ? 2:3:6 4:6 and 4:6 
3 -11- 6 and 3 -7 2:4:6, 2:5 and 2:5 
6 and 3 X 1:3:4:6 ~ 2:5,2:5 and 1:3:5 

7 2:5 $ 4:5 l' 4:5:6 and 1:5 
/ 5 and 2 .. 2:5:6 .. J. 4:5 :6 and 3:5 - 4 and 1 ! 2:3:5 M ' mg. Y" 3:4 

- 3:6 ... 3,3and 3 
2 () 2:3:5:6 

- 2:3 [ 6 a nd 2:3:5:6 
« 2:3:6 1 2:3:5:6 and 3 
» 3:5:6 • 3:5 and 3:5 , 

3:5:6 and 3 

Amharic Numerals 

The Bra ille rev ision commi ttee also made change on the numera ls part of the Braille code. The need to 

reexamine thi s part is that, unlike the Arabic nu mera ls, in Ethiopia there arc d iffe rent publi cation that uses 

the Ethi opic num erals such as newspaper and re li g ious books. So, in o rder to show the numerals are 

Ethi opic, changes were needed on th is part of the Bra ill e. Accord in g ly, it is designed to use the whole dOl 

(1:2 :3:4:5 :6) to indicate the numbers are in Ethiopic. Then, this Ethiopic numeral s indicator mode 

followed by the numerals which was used for Arab ic numera ls are used in the fourth version [44]. Except 
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the numerals translation mode 3:4:5:6 (for Arabic) and I :2:3:4:5: 6 (for Ethiop ic) the same dot 

combinations were llsed as given in Table 2.4. 

Table 2.4 Ethiopic, Arabic-Braille characters 

Ii M E Q ?i '!: i: 1; Ii X 
1 2 , 4 5 6 7 8 9 0 j 

1 1:2 1:4 1 :4:5 1 :5 1 :2:4 1:2:4:5 1 :2:5 2:4 2:4:5 

2.5 Amharic Braille Writing and Reading system 

Brai lle sheet is a thick paper or plastic materia l des igned to withsta nd the pressure whil e one write and 

read the Braill e code. The s ize of the page varies between docu ments produced by different means. In 

addition, th e co lor of the paper va ries, as it does not play any ro le in convey ing the written in format ion. 

The maj ori ty of Braill e sheets, however, are either buff colo red or whi te [6][14][2 1 J. 

2.5.1 Braille writing 

Braille is designed to be read by mov in g fingertips from le ft to ri ght across the lines of dots. Wh ile wr iting 

Bra ille, move fingertips from ri ght to left instead (on the reverse s ide), by phys ica lly press in g the dots into 

the paper so that they show up on the other side o rthe Bra ill e sheet. The different methods used to write 

Brai lle, ( inc lud in g the manual) are li sted as foll ows [21 ][36): 

• Manua lly, us ing a handheld sty lus (to make the impress ions) and a slate (to ho ld the paper) by 

phys ica lly pressi ng each dot into Brai lle sheet. 

• With a Bra ille ty pewriter, th is has one key for each of the s ix dots in a Bra ill e ce ll (Mechani ca l). 

• Us ing Bra ille printer that attached to computer system (e lectro ni c). 

Unti l recent ly, creating books in Bra ille was tim e tak ing process. Th is is beca use translat in g a book from 

print to Bra ille required sighted transcribers to trans late the book by hand . Later, improved opt ica l 

character recogni tion (OC R) tech nology w ith computerized Braille printers has improved this process 
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2.7.1 Braille character 

In Brai lle, printed text is represented by Braille characters. Eac h character is co nstructed as a set o f six 

points arran ged in two co lumns of three ca ll ed a Brai lle cell. The ce ll has been set accord ing to the tacti le 

reso lution of the fin gertips of person. Each point position in a cell is identified by a number and can be 

either ra ised (a protrus ion) or flat. A rai sed po int is also ca ll ed a Bra ill e dot [44][21]. 

The dimensions of a Brai lle dot have stri ct regular structure. The horizo nta l and vert ica l distance between 

dots in a character, the di sta nce between cell s representing a word and th e inter- li ne distance are also 

specified by the Library of Congress [6][21]. In theory, the di mensions o f Braille dots mu st fa ll within 

celiai n bounds as indi cated in Figure 2.2. In practice, a lthough most instances of Bra il le are close to these 

standards, there are slight va riations between Brail le produced by different dev ices [21]. 

~ --L 
'------.J 0.46mm- 0.5 mm (he ight of protrusion) -t r-+L--____ --' 

11.27mm - 1.65 mm (d iame ter) 

Figllre 2.2 Braille c/Ol dimension specified by librcuJI a/Congress 

Each Bra ill e character is a unique comb ination of dots w ithin the cell. Bra ill e ce lls with s ix po ints is 

w idespread ; in Ethi op ia also thi s is the Brai lle ce ll so fa r used [44][47]. In thi s study Bra ille characters are 

assumed to be composed of six poi nts fo r Amhar ic Bra ill e. 

2.7.2 Intelpretation of Amharic Braille character 

The Amha ric printed word is represented by a set of Bra ill e characters forming a Braille word. The 

characters inside a Bra il le wo rd are sepa rated by a d istance greater than the hori zonta l one between points 

(dots with in a ce ll/cha racter) and less than that between words [2 1]. The di stance between words in a line 

of Amhari c Brai ll e characters consists of one o r more space characters. The space character is a Braille 

ce ll w ith no dots (a ll po ints are flat) . 
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In Eng lish language, another mode symbol is used to ind icate the capita lization o f a letter. S imi larl y, mod e 

sym bol s are used in many lang uages to denote that a particular accent shou ld be placed on the characte r 

that fo ll ows [2 1] . 

Grade 2 Brailleicolltractioll 

The letter-by- Iette r representati on of a word as in grade I Brai lle leads to the production of qui te 

vo lumino us Bra ille documents (a di ctio nary can occ upy a bookcase). In Eng li sh Bra ill e therefore, att empts 

have been made to represent frequently occurring letter stri ngs by o ne o r two Bra ill e characte rs [44][2 1]. 

The rule for us in g them is re ferred to as grade-2 Brai lle (also ca lled contracted or literary Braill e) (21 ). 

The stri ngs o f characte rs that ca n be contracted have been se lected according to the frequ ency that they 

occur and therefore, di ffer between lang uages. In Eng li sh grade 2 Bra ille , fo r insta nce, th ere are over 200 

contractions and short for m words [2 1]. 

Regardin g the Amhari c Braill e , as indi cated by the Bra ill e improvement com mittee ( 1995 E.C), the des ign 

of Amharic Bra ille contraction a long with some other issues was deferre d for some other tim e, fo r the 

reason that issues with the bas ic Amharic Braille code yet not fi na lized by the time [44 ][4 5]. Except ro r 

"ena"/"weyem" there is no grade 2 Braille in Am haric. 

2.8 Features of Amharic Braille Code 

The Amh aric Braill e cha racter com posed of three patts: Bra ill e characte r for prin ted symbo l, pun ctuati on 

mark s an d num era ls [44][47]. 

All bas ic Amhari c characte r represented with a sing le Brai lle character (see 
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Table 2.1) . Each Amhari c character has seven variant. Except the sixth variant, the rema ining sound six 

sou nds add the pa lticula r vowe l code to get the required sound in a character [44]. For example: 

• Brai lle dot 2:3 is vowel fo r the first variant in a ll the character. so to wr ite first form of Fidel ·0 

(I :2)-7n( 1:2, 2:3) 

The Amh aric Brai lle a lso cons ists of different punctuat ion ma rk. Most of the Braille code fo r this purpose 

is taken from Eng li sh. For those unique to Am hari c language, different dot pub lished by the committee 

(see Table 2.3). The majori ty of th e punctuation mark s represent by a grade I Brai ll e [44][47]. 

Amh aric Braille use two type of numerals: Arab ic and Ethiopic . In English Braille the num era ls 1,2 ... 0 

uses the code for a, b ... j. The same dot combi nation is used in Amharic Braille also. The num eral s 

translation mode remains the same in Amha ri c Braille. For example: 

• Ara bic Braille numera ls mode: 3:4:5:6, and Eth iop ic -71 :2:3:4:5:6, 

• To wri te 2: 3:4:5:6 and 1:2 

• To write!{: I :2:3:4:5:6 and 1:2 

2.9 Nature of Amharic Braille embossed 

As describe before, the Am haric Brai lle, like any other Brai lle docu ments, a re fo rm ed by embossing the 

dots on tile back s ide of the medium sheet so that they can be read from the fac ing s ide. There are also 

di ffe rent sized Bra il le sheet; the size of the page varies between documents produced by different means. 

In addit ion, the color of the paper va ri es, as it does not play any ro le in conveyi ng the written inform at ion 

[21 ]. 

The Bra ille characters are embossed in lines from the top of the docu ment to the bottom much like printed 

documents. Bra ill e documents ca n have the dots embossed on one side or on both. As the vo lume of 

Bra ille documents is quite large, it is advantageous to use both s ides of the sheet. However, this is not the 
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practice with Amharic Bra il le [2 1] [4 1]. 

2.10 The Braille OCR system 

As po inted out earlier, there has been a great deal o f research work done in the fi e ld of optica l recogn it ion 

of Bra ille for automat ic read ing in different parts o f the worl d . In order to show issues cons idered in 

connection to Bra ill e, the next section of the studies di scuss important fea tures of embossed Brail le 

document that wi ll be he lpfu l in the subsequent recognition process. 

2. 10.1 Characteristics of Automatic Braille Reading ~ystem 

As the Brai lle docu ments are not des igned to convey any visua l in fo rmation, the ir co lor is uniform or not 

significant. The informat ion is not printed in a contrasting co lo r as does with pri nted document (ordi nary 

docum ent) [2 I]. 

According ly, in an attempt to des ign automat ic readi ng f? r Braille doc ument the first problem is to 

identify the tactil e info rmatio n visua lly. The issue in this case is the separat ion of the protrusions (ca lled 

ra ised dot) on th e paper sheet fro m the fl at background [2 1 ][36]. 

Second, the identificat ion of Braille dots fro m the d iffe rences in the intensity o f refl ected light is not 

stra ightforward. As the Bra ille paper is only used for tact ile purposes, the qual ity of its appearance is not 

important . Hence, there are sometimes visual im perfections due to sma ll dark fiber usua lly associated with 

cardboard and d irty marks that may a lso be present due to repeated use [21 ][36]. 

Moreover, damaged Brai lle docu ments with pu nched ho les and less prominent dots due to heavy o r 

repeated use compound the problem and negat ive ly infl ue nce·, the effect produced by the li ghting [21][36J . 

Notw ithstandi ng the above fact, many of the Braille documents are produced as inter-po int (doub le-sided), 

whi ch posi ng another prob lem on the process of recognit ion. Th is complicates th e dot extraction stage 
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because shadows and bright areas are produced from both sides [6] [21][36]. 

Once the Braille dots have been located in the im age, th e next task is to id ent ify the characters. In a Braille 

system a character is represented with s ix dots, which is ca lled cell , a rranged in two co lumns. The 

prob lem is to identify whi ch dots be long to which Brai ll e ce ll. In theory, Brai lle ce ll s are aligned in the 

hori zontal and vertica l di recti ons in the form of a grid. However, not iceab le deviations are there due to 

the production process or d isto rti ons introduced in the image of the document [21][26]. 

Eventua lly, Braill e characters have a more regular structure than printed ones . The ir size and sty le is fixed 

th roughout a docu ment, al though there are certa in variat ions between d iffe rent documents. The spacing 

between Brai ll e dots is quite regu lar and ca n be used to segment characters [6][2 1]. Nevertheless, Bra ill e 

characters are not s ing le connected entiti es and do not have d istinguishing structural di ffe rences between 

them (they are a ll com bin ations of dots) which affect the recognition and verification process [13][26]. 

2.10.2 Optical Braille recognition system Overview 

For better analys is of the different aspects in ex istin g so lutiOlis, as a stalting po int the bas ic steps in Bra il le 

recognition process considered in fi ve stages including: Image AcquisilionlDigilizalion, Pre-Processing, 

Segmentation, feal ure extraction and recognition [2 jJ 

2.1 0. 2.1 Image Acquisitiol1lDigitizatioll 

The first step toward s d ig ita l document image process ing is obtaining an electron ic representation of a 

document. It is a process of captur ing a Brai lle page and convelts into a d igi ti zed im age ar ray. As it was 

menti oned above, the nature o f th is kind of documen t is q ui te different from that o f a pri nted one. The 

protrusions (ra ised dots) create a light area next to a da rk one (shadow) whil e the gray- leve l valu e of the 

background is somewhere in-between, thi s is visually exam ined in s ingle-sided Braille docu ment. Thi s 

day ' s, the increasing popu lar ity of fl at-bed document scan ners has prov ided a cost-effecti ve and pract ica l 

a lte rnati ve to camera for dig itizat ion purpose [6][21 ][23]. 
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2. 10.2.2 Image Pre-Processing 

This stage modify gray-leve l image of a Bra ille document and prepare the pixe l va lues of the dig iti zed 

image fo r subsequent operations. Th is incl udes contrast enhancement and adjustment, skew and noise 

remova l, and edge enhancement (edges sharpen in g) of the Bra i lie [ 14][2 I] . 

No ises generally man ifest them se lves as random fluctuat ions in gray-leve l va lues superi mposed upon the 

" idea l" gray- level va lue, and it usua lly has a high spatial frequency. Skew may be introd uced dur ing 

image acq uisition by not carefu lly a lign ing the docum ent or it may ari se due to a prod uction fau lt. Large 

skew ang le negati ve ly infl uence the recognition process, as the dots wi ll not be al igned in rows as 

expected [14][21]. 

Another form of pre-process ing is edge enhancement to sharpen the fi ne detai Is of the image th at has been 

blurred in o rder to improve the separab ili ty between the regions corresponding to dots and the 

background. The so lut ion incl ude : subtract a loca lly averaged image from the orig inal in order to 

eli minate this prob lem , app ly ing second degree COil vex two-dimen sional function based on a second­

degree po lynom ia I funct ion, and med ian fi Iteri ng adapti ve thresho ld ing process [I 7] [2 I]. 

2.10.2.3 Image Segmentation 

At th is stage, the regions in the image corresponding to Brai ll e dots are ident ified . In a binary image, dots 

can be ident ified as small con nected components [26]. It should be noted that thi s situation is va lid on ly 

when s ing le-s ided Braille doc uments are encountered. In thi s case, the above approaches are able to 

identi fy dots from e ither the dark (shadow) o r the light areas in the image which, after thrcsho lding, are 

represellled as con nected co m ponents [2 I]. 

In a g rey-leve l image, the identification of dot regions needs ·more careful cons iderat io n. It is necessary to 

have a spec ifi cation of the image area corresponding to a dot. A dot is represented by a combi nation of a 

dark and a light reg ion. The intermed iate grey- leve l pi xe ls o f the background surround and, possib ly, a lso 
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separate the pa ir. Naturally, the o ri entation and order of the light-dark pair of region s depends on the 

d irect ion of the illumination. In im ages o f inter-po in t Braill e doc um ents, however, the protru sions give 

rise to reg ion pa irs in wh ich the order is oppos ite to that of the region pairs prod uced by depress ions. The 

consistency of the appearance of gray-levels at the pos it ions of depress ions and protrus ions renders the use 

of temp late match in g a poss ib le option [21 ][36]. 

2.10.2.4 Feature Extraction ami Recognition 

Feature extract ion is a representationa l mechanism of the Bra il le image . So, the fu nct ion of feature 

extract ion is to extract the Braill e dots from the bi na,y image and gro upi ng them into cell s. Then the 

identity of each o f th e Braill e detected is recognized, but no att empt is made to interpret the Brai ll e 

character. Si nce each character is d istinguished from the rest by its un ique combi nat io n of dots, it wi ll 

suffice to identify the (re lati ve) pos it ions of its dots. Then, the character ca n be descri bed in te rms of the 

num bers o f dot pos itions. 

The first approach is to describe Braillt: <.:harat:lcrs as a region ill the image; th is region is div ided into 

six eq ua l compa rtments (two across, th ree down) in wh ich the searc h for dots is performed. If the exact 

pos it ions of dots in the image are known, it is easy to check if one of them is inc lu ded in a 

compartm ent . 

A ltern at ive ly, th e regio n in th e im age correspond in g to a compartm ent is searched and the num ber o f 

pixe ls corresponding to dot components is cou nted . If the num ber exceeds a pre-spec ified thresho ld 

then the compartment is cons idered to conta in dots. In any case, the recognized character can now be 

represented as a bi nary num be r w ith six bits. 

In other approac hes the Brai lle characters ident ifi ed in the im age are descri bed exp lici tly or implicitly by 

the positi ons of the rows and the col umns ofa cell. In these cases it is necessa ry to check a long spec ified 
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directions fo r the ex istence o f dots. Thi s is accompli shed wi th gri d lines constructi on. So the poss ibl e 

positi ons of Bra ill e dots are determined by the intersecti ons of hori zontal and verti ca l grid lines. The six 

poss ibl e pos iti ons of the dots are kn own fo r each ind iv idual Bra ill e character pos iti on in th e image. 

Hence, all the poss ib le character positions are exam ined . 

2.11 Review of Braille optical recognition work 

Thi s section of th e study d iscusses the work of diffe ren t researcher in the area of Braille recognit ion 

problem do main as it is summarized in Tab le 2.5 . 
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Table 2 5 SUl1IlII al)' ojB raille optical recognition research work 

Year Title Country Main Approach used Result 
Single Double 

1994 Oplical Recognition of Braille BelgiullI Digilizalion-mask mel hod Tesl-I no-errol' 
Writing Us ing Slandard Segmentation-Gridlines Tesl-2 99. 7j % 
Equipmenl. Reco gn i I ion-region Tes l-3 unsatisfied 

based(local correlalion) 
199j A Syslem for Converling Braille England Recognition-context analysis - -

into Print. Based on Finite stale 
(En?,lish Icm?,ua?,e) approach 

199j Analysis of Scanned Braille Manchester Bincwization- Ihreshold - 98j% 
Documents DOl idemifical ion- lemplale 9 7. 6% 
(English language) malching 

Segmental ion- analysis of 
character line and horizonlal 
spacing b/n colulllns of dots 
Recognilion- region based 
(divided inlo six compartmenl) 

1996 A Braille OCR for Blind People Spain adaplive Ihresholding - -

(English language) Mesh-grids 
[nterprel at ion-Bra i II e 
AljJ/wbet 

1999 Regular f ealure extraction fo r Binarizalion-Globalthreshold - -
recognition of Braille Feature extract ion- Chain 
(English and Chinese language) Code algorilhlll 

J n t erpre I at ion-cenl riod based 
011 bpundary coordinates 
Braille diclionCIIY_ 

2004 A Software Algorithm Prototype Ne w Binarization- thresholding 99% -

jor Optical Recognition of Zealand Recogn i I ion-probab i I isl ic 
Embossed Braille (English neural netHIork 
lan?,ua?,e) 7" anscriplion- ?;ridlines 

200j [mage Processing Techniques Spain Tool- MATLAB programllling - 99.9% 
fo r Braille Wriling Recognition. Binarization-dynamic 
(English character) thresholding 

Segmen I ation-adapl ive Braille 
?,rid 

2007 An Arabic Optical Braille Tunisia Binarizalion-globallhreshold 99% 99% 
Recognilion Syslem. DOl Paris Delecliol1-
(Arabic language) thresholding 

Recogn ilion-defined region 
and horizontal projection 

2.11.1 Optical Recognition of Braille Writing Using Standard 
Equipment. 

Thi s study is an ea rly attempt to recognition of Braille using a commercially ava ilab le scan ner. The steps 

foll owed in the study are summari zed as fo ll ows. 
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2.11.1.1 Image preprocessillg 

Braille pages are never perfectly flat. Thi s is due to the tens ion in the paper caused by the product ion of 

th e Brai ll e dots. It introduces low freq uency di stortions (shadows) that can be e liminated by subtractin g a 

loca l averaged image from the ori ginal. The image will be d iv ided in to su b images to mi nim ize the 

infl uence of deformation of grids (Loca l li nearization) [21][28]. If the gr id is very distOlt ed, the sub 

images w ill become small. The calculated grid must be a ligned with the main axes of the text. It is 

poss ible to work with a rotated grid or to a li gn the compl ete image to orthogona l axes first. The latter has 

certain advantages in the organizati on of the data so this so lution was chosen [28]. 

The Di screte Fourie r T ransform (OFT) can be used to ca lculate the rotation ang le, but the image's 

structure causes important and recogni za ble data peaks in the OFT image to lie too c lose to the ori g in. 

Thi s g ives an e rror on the calcul ated rotation angle, and a ftllther refi nement is necessa ry. They fo llowed a 

different approach. Using the dev iat ion over the su m of the rows, the image was slanted over an angle 

[17][28]. 

2.11.1.2 Segmentation 

In the di gi ti zed Bra ille page, dots are represented with light and dark areas . They class ify these areas by 

making a three-va lue im age in whi ch a ll pixe ls within a thresho ld va lue are made zero. Pixe l va lues above 

th is range are made + I and be low thi s range ·1 (n is typica lly between I and 2, and a llows adaptat ion to 

d ifferent illumination conditions) [28]. 

The actual center of the dots can be fo und by corre lating the image with a mask as shown in Figure 2.3. 

Thi s mask is an abso lute s implificati on o f a Brai lle dot. The verti ca l s ize of the mask depend s on the size 

of the Bra ille dots and eq ua ls the dista nce between the centers of the dark and light area of an average dot. 
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After corre lation, we o btain an image with five values. Regions w ith va lue -2 (recto) and +2 (verso) are 

ca lled core regions, reg ions with va lue + 1 (recto) and -I (verso) a re call ed side- lobes, and 0 is 

background . 

- [ 

() 

o 
() 

+1 

+2 0 
+1 Ia 
o !!l!l -I. 

-2 • 

' l1lrcc-villuc Five-value 

Figure 2.3 Correlation mask for an image wilh a distance a/jive pixels between the cenler of the dark and light 

zone[/ejiJand Neighboring dots in/roduce/a/se core regions or ghos/-poin/[i-igh/). 

(source: Nlennens, J. , el 01, "Optical Recognition 0/ Braille Writing Using Standard Equipment ", IEEE 

transac/iolls a/rehabililation engineering, Vol. 2, No.4, pp. 2/0. December 1994. Fig. 6) 

2.11.1.3 Feature Extraction and Recognition 

Grid lines are searched by making histograms of rows and colu mns In the fi ve-va lue image . These 

hi stogram s have five bins (-2 , - I, 0, 1, 2) [28] . 

• Firstly, the hi stograms for the rows are ca lcul ated. When a plot is made o f the number of p ixe ls in 

bin (+2) and bi n (-2) (bin-curves), they show max im a where rows of recto and verso dots res ide. 

• Next, the hi stograms of the columns are ca lcul ated . Because the previously fou nd hor izon tal grid 

lines are e lig ible to contain Braille dots, it is sufficient to cons ider these lines only in creati ng the 

histogram s. 

• Another improvement was made by making combi nat ions o f va lues fou nd in di fferent bi ns. 

• In the case of recto dots, the presence of pi xe ls with a value -2 was rewarded and the presence of 

pixe ls w ith a va lue -I was penali zed. 

• These pixe ls are always found aro und th e center of a Braill e dot. Thi s procedure will result in 

narrower peaks. 
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• After the vertica l grid lines are found, the hor izontal lines searched aga in , but in a redu ced image 

that consists of the vertical grid lines only. Because grid lines were calculated separately for each 

su b image, the data needs to be regrouped in strips, to get an overv iew of the complete image. 

Before we can do any interpretation of the Brai lle dots, it is a mu st to find all atoms in the vert ical and 

horizontal grid lines. Di stances and tolerances on line posi tion s are a lways calculated on a local basis, i. e. 

th e routine learns from local conditions to decide where candidate lines can be found [28]. 

2.11.1.4 Test Results and Summary 

When all atoms are found, a small test (a minimal local correlation) will check for the presence ofa dot on 

th e intersection of two lines. These dots are grouped in a binary Brail le characte r set (Bi nary Braill e: each 

dot is represented by a bit pos iti on), wh ich ca n be translated us in g an appropriate tran slati on tabl e to an y 

other code [28]. 

The algo rithm was tested on vanous types of Braille: s in g le-sided and double-sided and every set 

conta ined an equal am o unt of samples. An average error rate of 0 .25% on a character basis was reported 

[28]. 

Using a commercially available scanner and a set of fairly basic calculation methods to obtain a maximulll 

conversion speed, a text containing Braille characters can be converted to any other character code. The 

most important characteri stic of the routines is that on a local basis, w ithout losing co ntact with the g lobal 

context, and try to postpone complex calculations until th e data set has been s ignificantly reduced [28]. 

2.11.2 Analysis of scanned Braille documents 

This paper attempted the use o f commercially available flat-bed document scanner for the first time to 

Braill e docum ent recognition. It argues that, th e use of the camera introduced co mplexities such as 
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aberrations, co nsiderable no ise and the need for image registration. So to overcome these problems, ea rlier 

study used computatio na lly ex pensive procedures [36]. 

After the Brai ll e docum ent is scanned, the system proceeds to identify the locations of the protrusions and 

the depress io ns. To do thi s it exploi ts the d iffere nces in grey leve ls in the image. It uses simple rules to 

di sti ngui sh between Bra ille dots on th e two different sides . Then , the dots o f each side are grouped 

together to for m characters whi ch a re then recognized and en~oded [36]. 

The system implemented in fo ur steps: im age acqui sition, identi fi cation of Bra ille dots, segmentati on and 

recognit ion of the characte rs. 

2. 11.2.1 1mage Acquisition 

The Bra ill e docu ment was sca nned at 100 dp i and a 16 grey leve l im age. Under th e scanning confi guration 

used, the g rey leve l va lues of the backgro und pixe ls were from 10 to 12. Lighter areas have grey leve ls 

with va lues rang in g from 13 to 15, and th e darker areas correspondi ng to shadows had grey leve l va lues 

less than 10 [21 ][36]. 

2.11.2.2 identification of Braille Dots 

The protrusio ns and the depress ions on the surface of th e Bra ill e doc ument g ive ri se to d ifferen ces in the 

grey leve ls in the image. In the scanning di rect io n (vertica l) the protrus ions create a dark area first and 

then a lighter o ne. The depress ions produce the opposite. (see Figure 2.4) 
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S in ce there is such a consistency one cou ld perfo rm a template match to identify the locations of the 

depress ions and the protrus ions [21 ][36]. 

The algori thm to identify protru sions and depressions con tinu es as fo llows. Each of the dark regions is 

considered in turn and a check is made to determine whether a light reg ion ex ists above it. If it ex ists 

within the limits o f the expected Braille character he ight then a depress ion is found . Otherw ise, a check is 

made to determine whether a li ght area ex ists below the dark one. All protrusions and depress ions 

identi fied are then written onto a new blank image independently. Then, the two images can be an alyzed, 

each as containing only protru sions which form Brai lle characters [36]. 

2.11.2.3 Character Segmentation 

The fi rst action to ana lyze the resulting image from the ea rli er step is to locate the lines of Braille 

characters. Each character in a line has three rows where dots may be present. The distance between dots 

in consecuti ve rows of th e same character li ne is determi ned and a ll the text lines that have dots on a ll 

th ree rows are detected. Then , kn ow ing the average line height, the rest o f the text lines together with the 

blank lines are also detected [2 1][28]. 
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Having located the lines o f Bra ille, the characters in each line a re next segmented. Character segmentati on 

is based on the analysis of the horizonta l spacing between col umns with dots. The fact that a Bra ill e 

character may have dots in on ly one co lumn also contributes to a variety of horizonta l spaci ng in a text 

line [36] . 

2.11.2.4 Character Recogl1itioll 

Once the positio n of each Brai lle character in the image IS kn own, thi s step is concerned with the 

recogniti on o f each character and encodes it in a suitable fo rm for further process ing. To achieve thi s, the 

rectang ul ar area in the image that corresponds to a segmented characte r is di v ided into s ix equal 

compartments. These a re ar ranged in three rows and two co lu mns and represent the bounds of the 

expected pos itions of dots in a Brai lle character. If there is a dot in any o f the compa rtments then a bit is 

set in a bi nary nu mber at the pos iti on that correspo nds to the number o f the compartment. The bi n31Y 

number can th en be used to identify the Bra ille character in the character set used [36]. 

2.11.2.5 Results al1d Discussion 

A prel iminary result from im ages of inte r-poi nt buff-co lored Bra il le docum ents was promisin g. At thi s 

ex perimental stage, an average of just over 98 .5% of the protrusions and 97.6% of the depress ions are 

correct ly recogn ized [36]. 

Thi s paper concentrates on the application of OCR techniques to inter-po int Braille documents. As a 

who le, the approac h proofs the feasibility o f a cost-effective, fa st and easy to use Brai lle reading system 

[36]. 
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2.11.3 A Braille OCR for Blilld people 

The purpose of this work was to develop an optical character recognizer (OCR) for the Braille code. Thc 

research gone through dlfee main stages. including [231: 

Proccssing ofthc scmmed images to locatc the positions of the Braille dot. 

Processing of thc resulting dot from d,e previous process for Braille mcsh determination. 

Application of the Braillc alphabet to convcrt the located points into an ASCII tcxt. 

2.11.3. J Point Localization 

This stage starts with an observcd model of the pattcrn to bc recognizcd. That is, in a double-sided t,,·o 

kinds of points distinguishcd: mountains (protrusion) and thc valleys (dcpressions). This pattcrn can be 

observcd in Figure 2.5 [23H211. 

D .. 

Figure 2.5 Braille imnge showing lefl raised dOls (profrusiom) Gnd right valley (depressions). 

So at this point in order to convert the zonc in to black and white spots, the research applies two adaptive 

thresholds which are computed from luminance histogram. 

Thresholding is an image proccssing technique for convcrting a grayscalc or color image to a binary 

imagc based upon a dlfcshold value. Image thresholding is very useful for keeping the significant part of 

an image and getting rid ofthc unimportaJlt part or noise. If a pixel in thc image has an intensity valuc less 

dmn thc thrcshold value. thc corresponding pixcl in the resultant image is set to black. Othcrwise. if the 

pixel intensity valuc is grcater dmn or equal to the threshold intensity, the resulting pixel is set to white . 
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Th us, creating a b inarized im age or an image with only 2 co lors (b lack (0), and white (255). However, this 

ho lds true under the assumption that a reasonab le thresho ld va lue is chosen [15][2 1]. 

In the research, the thresho lds are computed from the lumi nililce h istogram. They a re found as the po ints 

that leave above/below a g iven percent o f the tota l a rea o f the hi stogra m [21 ][23]. 

Afterwards, compute the cente rs of the black and white spots and consider them as black and white po ints. 

Then, look fo r coup les fo rm ed by a wh ite po int above and a black po int below. And a lso ma rk th e co uples 

form ed by a b lack po int above and a white po in t below as va lley-po ints. It adju sted the thresho lds in the 

distances necessary for two po ints to be considered as a coup le [23]. 

The meth od had two pro blems: first, some points are lost and second, some fa lse po ints are produced. The 

errors are due to spots that are very near to each other and that get j oi ned after the threshold ing process 

(th is happens espec ia lly when a mountain and a va lley are very nea r). The so lution was to put all the 

inte ll igence in the next process (the mesh detection). which was ahle to remove the fal se points and to find 

where the points lost [23]. 

2.11.3.2 Mesh detection 

This process detects the pos it ions and di rect ions o f the lines and co lu mns o f the text that make up the 

Bra ille mesh. A Bra ille character has a mesh of 6 points. Each po int mayor may not be acti ve. So hav ing 

th e entire mesh, it is poss ible to go over it and in spect the presence o f spots near each potentia l po int. Thi s 

a lgorithm recovers the lost po ints. However the fa lse po ints are the one that do not o bserve the di stance 

rules . The a lgori thm is such that sim pl y exc lud es them [23]. 
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The a lgorith m chooses a stalti ng point and goes moving the standard d istances to construct the entire 

mesh [23]. At thi s po int a key fact is to avo id choosi ng a fa lse poi nt as the starting one. 

Another important issue is to detect the relative positi on of the stalting point in its character that has 6 

poss ib le positions; by s imply, suppose all the possible posit io ns and then use the method explai ned above 

of maximal counts (counts of po ints fo und w ith this suppositio ns). First, dete rmin e to which co lumn (out 

of 2) be longs the point and then to which row (out of3) [23]. 

The fi na l stage is the constructio n of the entire mesh beginn ing from the startin g po int. T hi s movement is 

accompli shed in an adaptive fa shi on. The method is to move a mesh of s ize 6 (a one character mesh). 

After the movement looking for the next character, if there are poi nts nea r the mesh ones, th en, correct the 

mesh pos iti on based on these poi nts. Th is continues until the ri ght limit of the image [23]. 

2.11.3.3 Translation into ASCII 

I-lav ing done the prev ious stage, the Brail le text now represented as characters o f six po ints (s ix bit s that 

may be I o r 0) which are ready to convelt into ASCII by app lyi ng a Brai ll e alphabet [23 ]. 

2.11.4 Regular Feature Extraction for Recognition of Braille 

The ai m of this paper is to present an automatic system to recognize the Braille pages and convert the 

Brai ll e documents into Engl ish/C hinese text for ed iting. The proposed System in thi s study consists of s ix 

operations: Scene constraints, Image acquisition, pre-processing, segmentation, feature extraction, and 

Interpretatio n [14]. 
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2. 11.4.1 Scene Constraints 

It is a preliminary process to expl oits and imposes the environmental constrai nts slich as, illuminate w ith a 

ye ll ow po larized light source, placed at an ang le abo ut 45 degrees away from the page top [14). 

2.11.4.2 Image Acquisition 

The capturin g dev ice used in this ex periment is a d ig ital ca mera, whi ch is placed d irectly above the 

Brai lle. The im age captu red with 5 12 • 5 12 p ixel reso lution with each pixel representing an 8-bi t gray 

sca le va lue [1 4]. 

2.11.4.3 Pre-processing 

Modify and prepare the pi xel va lues of the d igiti zed image fo r subseq uent o perations. The pre-processi ng 

operatio n consists of two sub-operations: no ise fi Iter ing and edge enhancement [ 14][2 I). 

A low-pass spati a l Ga uss ian filte r is appli ed to the image to attenuate the hi gh spatia l frequency no ise 

from the image while at the same time preserving the deta il ed edge info rm at ion of th e Braill e dots. Th e 

o bjective of edge enhancement is to sharpen th e fi ne detail s o f the image that has been blurred. The 

process perfo rm s two independent fi lter ing o perations us ing convo lut ion Sobe l kernels denoted X and Y, 

th e resulting va lues are o btai ned by us ing th e convo lutio n fO!")l1ula [1 4][21]: 

output ~ Iconvo iute(input ,X)1 + Icollvo iute(input,Y)1 

2.11.4.4 Segmentation 

T hi s step separates the acquired image into foregrou nd (dots), and backg ro und regio ns. This operati on 

al so separates th e fro nt-faced dots and back- f, tced dots [ 14]. 
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the Bra ill e dict ionary, and the retri eved characters are grouped into words. Eac h word is then check 
aga inst an Eng lish dictio nary [14]. 

Us in g both sin g le-s id ed and double-s ided Braille pages as the spec im en, the system had been proved to be 
100% and 97% acc urate respectively. The system takes advantages of th e reg ular spaci ng between Brai lle 
dots within a cel l, and the regular spacing between ce lls [1 4]. 

2.11.5 A Software Algorithm Prototype for Optical Recognition of 
Embossed Braille. 

The rat iona le behind thi s study was that most of the systems deve loped before concen tra ted on the 
trans lation ; however, the fo rmatting of the docum ent is a Iso criti cal when reproduct ion is invo lved [4 I ]. 

The paper attempted to dev ise a method of Braille recogni t io n that a ims at preservin g the fo rmatti ng orthe 
Bra ille page, as we ll as th e efficiency and accuracy o f the recogniti on a lgo rithm [41] . 
The proposed system in vo lves three steps: Half-characte r detecti on, ha lf-characte r recognit ion, and text 
fi le transcripti on [4 1]. The block diag ram for the proposed system is presented in Figure 2.6 

• The half-c haracter detection algorith m determi nes the whereabouts o f the characters by detect ing 
the poss ible dot positions. 

• The ha lf-character recognitio n determi nes the ha lf-character that the dots represent by using a 
probab ili sti c neural network. 

• Afte r the ha lf-characters have been recognized, the grid will be determin ed with the text file 
transcr iption a lgorithm to prod uce a Braill e text fil e where the formatt ing is preserved as much as 
poss ible. 
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Figure 2.6 A Software Algorithm Prototype/or Optical Recognition a/Embossed Braille. 

(source: Wong, L., W. Abdulla, and S. /-/lIssl1I cmn. "A Software Algorithm Prototype for Optical Recognifion of Embossed Braille ", Ihe 171h conference of Ihe International COJiference in Pal/ern Recognition, Cambridge. UK. pp. 24, August 2004. Fig I ) 

2.11.5.1 Half-Character Detection 

In thi s step, the row of pi xe ls is changed into a two-tone image to di stin gui sh the pixe ls that are like ly to 

be part of th e shadows of the dots from the others. The result from this process is two-ton e images and the 

pos ition of the character [41]. 

Compared with the conventi onal method of us ing a mask to determine the pos ition of the dots, 

thresholding and buffering, a lthough it does not g ive the exact location of the dots, can find the area where 

process in g is needed to determ ine what character is present [41 ]. 

2.11.5.2 Half-Character Recognition 

In thi s step fLllther process ing is made on the buffered two-tone image to recognize the half-characters 

detected fro m the prev ious step. The half-characters are processed and class ified as one of seven poss ible 

46 



arrangements. The seven arrangements come from having th ree possib le dot positions in each ha lf­
character, without cons idering "empty ha lf character". Th is process in g is done by usin g a probabilistic 
neural network , with [41] : 

2.11.5.3 Text File Transcript 

This process determ ines th e pos ition of the ori g ina l parent who le characters. To do th is, it takes 
advantages of the fact that, the Bra ille format has very st ri ct rules on the spacing 

between dots with in a character and between neighboring characters, thus these rules can be used to he lp 
determi ne the positi ons of the characters in th e document, as we ll as whether the half-characters arc the 
left ha lf or the right ha lf [4 1] . By look ing at the distances between the dots, the intra and inter-character 
spacing were estim ated. Us ing thi s information a g ri d was form ed to all poss ible pos itions for the 
characters in the document. Once the grid has been estim ated, the position of the characters with respect to 
the image can be used to ca lculate the pos iti ons of the characters in the docu ment [411. 

This study proposed an a lgorithm to optically recognize Bra ill e docum ents and transcribe documents into 
a computer file . The algor ithm processes the image one row at a tim e and uses thresho ldi ng to pre- process 
the image. The processed sections that contai n the Bra ill e characters are then recognized using a 
probabili stic neu ra l network . On experim ents perform ed on single s ided computer embossed docum ents, 
more than 99% acc uracy was achieved [4 1]. 

2.11.6 Image Processing Techniques for Braille Writing Recognition. 

Thi s study attempts the deve lopment of BrailLector, a system abl e to spea k from Braille wri ting. The 
system applied dynamic thresho ld ing, adapti ve Bra ille grid, recovery clots techniques and TIS softw are 
(Text-To-Speech) presented in Figure 2. 7 [32] . 
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The paper first describes the characteristics of the database created for such purpose. follo\\ed b,'. image 

processing techniques used for dots detection and recovering, Then. explain the conversion from Braille 

text to standard text. The proposed system block diagram presented in 

2.11.6.1 Database 

A big database \\as created in order to check the global system \\ith as many characters (30862) from 26 

Braillc sheets: to cnsurc the corrcct testing of the developed system and a good analysis of the error 

variance [321, 

The mechanism used for image acquisition has been a flat-bed sealUler with different resolution than 100 

dpi since it uses interpolation methods to resize the input image [321, 

DynamIc Pattern detection Braille ~id creation Dots recovelY using Braille grid 

r n : noldin
9 
__ _ 

~ ""-... : . 

FiRlire ],7 ilJl(1SZc Processing Techniques/or Braille Hi-iring RecognitioJ1 

(Sollrce: Trong. L.. Jr . . lhdul/n, and S', /llIssl1Ia!m. ".1 5,'(~fi\l"are . IIgortrhm P"OIO~\ pe lor Optical Recognillon (?! 
Flllhossed I3raille ", the 17th conference of the Inte/'l1l1fiollal Cooferellce ill Pallerll Recogllition, Call1hridge, I 'F;" 

pp, 30R, ./Ugll.l'1 200-1, Fig. 2) 

The different image processing steps of the scanned image for its translation include the follo\\ing, 

2.11.6.2 Thresholding 

This is a primary process that applies innO\ ative thresholding method to extract the useful information of 

Braille images, Once the optimum area of Braille spots (to reduce the number of \\rong symbols detected) 
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are known, an iterative a lgorithm looks fo r the best threshold accord ing to these areas of Brai lle dots. Th is 

is done, to get the optimu m level s to separate black, white and grey [32]. 

2.11.6.3 Pat/em detectioll block 

After the fi rst step, no useful info rmat ion is rejected, and iii thi s step it takes advantage of the shadows 

protrus ions which make dot patterns. So thi s diffe rence fac ilitates the separati on between front and back 

side dots [32]: 

The goa l of thi s secondary process is to separate each side o f the document in d ifferent images. The 

algorithm cons ists of a "shift and overlap" process since it only moves the spots downward s or upwards 

and carries out a logical and. As it avo ids th e seq uenti al readin g of the im age matrix approach was fast, 

very simpl e and effi cient [32]. 

Skew detection: thi s stage appl ies horizonta l histogram and mass centers calcul ation to detect skew angle 

and correct by rotatin g the orig ina l image [32]. 

Prob lem: all dots are not detected with overlapping process, some of them are missed, either because they 

are very sma ll or their shadows do not overl ap with only 4 pi xe ls. For this reason, a new stage was added 

to the system: Brai lle grid [32]. 

2. 11.6.4 Braille grid. 

In order to produce the mesh from the detected dots, they deve lop adaptive algorith m. The algo rithm 

wo rks as fo llow [32]: 

• Bu ild s co lu mn s in a fi rst stage: sin ce di stan ces between po in ts are norm a lized, the process beg ins 

sea rchin g fo r g roups of dots in the sam e verti cal pl ane th at respect these di stances . 
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o Then, builds the co lumns according to the pattern of Brai lle co lumns ada pting itse lf to the layout 

of the doc um ent. Th is res ult , a flexib le mesh that tolerates small diffe rences between col umn s. 

The process for the rows is qui te similar but in thi s case the pattern to search is a Brai ll e row. 

o Detected co lumn s and rows will be arranged together to c reate th e final structure. As the gri d was 

fl exib le, it makes suitable for copy ing Brai ll e sheets without los ing the fo rmat. 

2.11.6.5 Dots recovelY /Ising Braille grid 

After mesh buildi ng, al l va lid Braille positions are known; intersect ions between rows and co lumns defi ne 

a va lid pos iti on for a Braill e dot. So in thi s step [32): 

o First, dilation techniques are used to expa nd the search zone. 

o Then, fit thi s image on the dots image after thresholdi ng in order to check in detai l those positions 

where dots were not found . 

o On ly potential positions of dots a re checked; this mea ns tim e sav ing and effic ient search . Origi nal 

dots will be recovered (they be lo ng to correct Brai lle positions) and fa lse dots wi ll be 

d iscriminated as they are out of the valid pl aces for a Bra ill e dot. 

2.1 1.6.6 From Braille to Normal Text 

In thi s process the fi nal im age that conta ins the Bra ille dots represented by spots, is ana lyzed and text is 

segmented in rows and characters. Segmentatio n process ta kes adva ntage of the Bra ille mesh agai n as it 

marks all the pos itions of Brai lle dots. Every character is converted into a binary number accord ing to the 

act ive dots. The process cons ists of readi ng character by character and each one of the six positions that 

make the basic ce ll. The o utput of this step is a file with each character coded like a binary num ber [32J. 

Thi s paper explained the deve lo pment of an automatic system for trans lat ing Brai ll e text to norm a l text or 

voice. To achi eve this the system app ly, dynam ic thresho ldin g and adapt ive Brai lle grid had been used, 

adding some inte lligence to the global process and mak ing it able to detect dots in both sides of the 
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docum ent with onl y one scan. It is a robust appli cati on w ith 99 .9% of co rrect symbol s. The conversion 

time is 26 seconds for double-sided documents by MATLAB program ming language [32]. 

2. 11.7 A ll Ambic Optical Braille Recognition System 

Th is paper looks at deve lop ing algorithm s to recogni ze an im age o f embossed Arabic Brai lle of both 

sin gle-s ided and doub le-sided material obtained by a regular scanner; the resea rch was pu bli shed in 2007 

[6]. 

The research co mpr ises the fo ll owing steps [6]: 

o Capturing an image of a Braille docum ent page using a flatbed sca nner. 

o Converti ng the image to a gray co lor. 

o Followed by cropping any white or black frames. 

o The res ult from the previous step is thresholded so that o nly three classes of regions ex ist: dark. 

light and background . 

o In case of having a tilted paper, de-skewin g is app lied using a bi nary search algorithm. 

o Perform initi a l ident i ficati on of Bra i li e dots (Havi ng labe led each 0 f the di ffe rent types of reg ions) 

o Fina lly , Bra ille cell s recognition. 

2.11.7. 1 1mage acquisition/Converting tlte Image to Gray Level 

To reduce com plexity the first step in thi s system co nverts co lored scan ned images to gray level so that 

any pixel valu e in the image fall s w ithin th e range 0 - 255 [6][ 17]. 

2. 11. 7.2 1I11age pre-processing 

a. C ropp ing the Im age Frame 

Images suffer from havi ng either black o r wh ite frames that would affect thresho lding, so cropped be fore 

proceedin g forward. To handle the problem, calcul ate the average gray leve l for the whole im age and then 

for each of the rows and co lumn s separately [6]. 
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b. Image Thresholding 

Once again. at this step the research involvcd examining each pixcl in the 2-D array represcnting the 

scanncd Bra ille document and classify in to three categories with threshold: 

(I) Gray levcl pixel elemcnts having values 32 and abovc are cons idered bright and g ivcn a thrcshold 

\alue + 1. 

(2) Gay level pixcl elemcnts having values 23 and belo\\ arc cons idered dark and givcn a thresho ld 

value - I. 

(3) Gray level pixel elemcnts having va lues between 23 and 32 arc considered gray and given a 

threshold value O. 

The a lgorithm to handle works as follows: after converting the image to gray level and removing highest 

and lo\yest values to leave out distinct va lues. the average gra\ level for the \\hole image is calculated. 

After that both a and b values arc calculated according to the follo\\·ing equations [611171: 

Where: 

a = mean ( max(l) + avg ) 1 2 

b = mean ( min(l) + avg ) 12: 

• a highest value and b lo\\·est value 

• I is an array representing the \\ hole image. 

• max (I) and min (I) represent the highest and lowest values respectively in each column of the 
arra~ I. 

The c lassification parametcrs Land H are calcu lated according to thc follo\\ ing equations: 
H = avg + ( max_avg - avg ) 13: 

L = avg - ( a\g - min_avg ) 13 

H 

1---1-- 'H-'!l 

L 
b 

""gure ])) .lrnhic Braille RecogniTion proceeding 
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Chapter Three 

3. Braille Recognition Technique 

3.1 Introduction 

The present research is concerned with the adoption of different Bra ille image recogn ition techniques for 

Amhari c Braille docu ments. For thi s purpose approach th at are used to Braille recogn iti on such as im age 

thresho lding/Binar ization, segmentation, feature extraction and recognition are rev iewed. The part a lso 

di sc usses the neura l network techniques to class ify the g ive n Braille- to-prin t character. 

3.2 Digitization/Image Acquisition 

In Opt ical Braille Recognition (OB R), digit ization enab les to produce a di g ital image of the scan ned 

docum ent in the form of bitmap. Curren tly, there are different a lte rnatives used to d igiti ze Bra ill e 

docu ment: from di g ita l camera to fl at bed scanner, hand he ld scan ner or a sheet-fed sca nner. A fl at-bed 

scanner is a cheap altern at ive which can be used fo r so many other app licati ons of thi s sort. 

To di st ingui sh the dots adequately, the spatia l reso lut ion sett ing shou ld be between 80 and 200 dots per 

inch (dpi). This is because, be low 80 dp i there is an insuffi c ient amount of information and above 200 dpi 

the extra am ount of information is superfluous. A lthough 16 grey leve ls (4 bits) y ie ld acceptable resul ts 

and mi nimi ze the memory space req ui red , the use of 256 (8 bits) is recommended fo r better results [21 ] 

[36]. 

3.3 Binarization/Image Thresholding 

In im age process ing, Binari zation is the process of identify ing the fo regroun d (black co lor), whi ch would 

be the content of the scanned image, from the backgrou nd (whi te co lor). However, the identificati on of 

Bra ille dots from the differences in the intensity of refl ected light is not straightforwa rd . There are var ious 
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methods that ca n be used to bi nari ze di g iti zed doc um ents. Among the great deal o f techniques 
thresho lding is the simpl est and most comm onl y used approach that applies so me va lue fo r the purpose . 
T he techniques can be g lo bal o r loca l thresholdi ng. Meanwh il e there is one outstand ing probl em, i.e. how 
to dev ise an automatic proced ure for dete rmi ning the opt im um th resho lding leve l. 

In G lobal thresho lding a s ing le thresho ld va lue is calcu lated from the total intensity level o f the pixe l that 
form s the im age. T he resultin g thresho ld value is then app li ed to the who le image p ixe l. According ly, a 
g iven p ixe l, based on its intensity leve l compared with the tlll'esho ld, to set its va lue [1 7]. 

In local thresho lding, the thresho ld val ue is calculated by co nsideri ng the intensi ty o f the image pixel in a 
g iven area, so we may have different threshold value for d ifferent area in the image. Th e loca lly ca lculated 
thresho ld va lue is used to determin e the c lass of that pixe l in the local a rea such as: black or wh ite. 
However, loca l thresho lding is computationally expensive as it accesses each pi xe ls many tim es. And it is 
not recomm ended in many cases [1 7). 

The g lo ba l- thresho lding al gorithm adopted in this study is g iven in Figure 3.1 . T he a lgorithm adopted 
in vo lves the con version o f co lor pixel to gray leve l to reduce computation expense. 

IIJlllage thresholding algorithm 
Let !mg is a lIIatrix with sallie s ize with Braille bmp image and Let x and y be horizontal and vertical coordinate independently Set x =y =O; II set coordinate to first pixel of image Do 

For each line in !mg do 
Read each pixel at !mg(x, y) and Convert in 10 gray-level If gl'Cly level is less Ihan or greater than the threshold Ihen Sel pixel al !mg(x, y) as blackllconlenl or foreground Else 

Set pixel at !lIIg (X, y) as whilellbackground 

While end of hug 

Figure 3.1 Global-thresholding algorithm jor Braille image 
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3.4 Image Segmentation 

Segmentation refers to the process of separating dots from Brai lle im age that can flllther be grouped in to 
a ce ll. For the Bra il le recogni tion problem doma in, the po int o f interest or the low leve l o f abstraction to 
be extracted is the sing le dot that could have six altern ative positions in a ce ll. 

There is different segmentat ion techni que palt icula rly apply in Bra ill e image such as mesh-grids based or 
local measure. In local measure, the approach takes advantages of the d ifference in dots pixe l intensity 
level. The dots produce differen t color level at the top and bottom. So the dots can be extracted by 
performing analys is o f pixels form in g the dot with thresho ld. However, this is usua lly is not preferred as it 
lead to extraction of no ise as vali d dot. The second technique, mesh-grid s, is appropri ate and wide ly 
applicable in Bra ill e. The techniq ue is preferred since Braille ce ll s arranged str ictly fo ll owing vertica l and 
horizonta l layo ut of the document and does not have un ique structure to iso late one combi nation from the 
others. Bes ides segmentati on with mesh-grids bring good res ul t fo r most of the Braille resea rch 
[23 )[28)[32]. 

In thi s regard , d ifferent techniques have been devi sed to so lve c lustering problem domain in data mining. 
Among, the ex ist ing c luste ri ng algorith ms the interest is on grid-based methods. Grid is a pattern of 
straight lin es cross in g each other which quantizes the space into a finite number of cell s. Grid Mesh ca n be 
g loba l or adapti ve. Grid-based meth ods have the fastest process ing ti me th at typica lly depends on the s ize 
of the grid instead of the data objects. These method s use a s ing le un ifo rm grid mesh to p3ltiti on the entire 
problem do ma in in to cells and the data obj ects located w ithin a ce ll are represented by the cell using a set 
o f statistica l attri butes [27]. 

Adaptive Mesh, on the o ther hand, is a type o f mu lti -sca le al gorith m th at achieves high reso lution in 
locali zed regions of dynami c, mu ltid imens iona l numerica l s im ul ations. Its adaptab ility a llows simulatin g 
mult i-sca le reso lu tions that are out o f reach with meth ods using a g loba l uniform fi ne grid. 
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Thus, in g lobal grid, the horizontal and vertical grids are constructed based on a fixed g loba l thresho ld . 
Whereas, in adaptive mesh the th resho ld is determined loca lly for each dots that run s verti ca lly and 
hori zonta lly. To determi ne the s ize of dots, ana lys is of the dots profi le is important. To this end , each 
logica l li ne of the Brai ll e is extracted by constructing the ho ri zontal projection. This process is important 
to determ ine the height ofa sin g le dot, whi ch would be used wh ile constructing the horizontal gr id s. After 
line segmentation , vertica l projection is performed that resul t in half-character segmentation (one col umn 
of a cell ). Then, based on the above information (spaci ng, dot height and w idth), a mesh is constructed. 

The a lgorithm first find s optimal starting dot by sea rch ing black pixel co lum n wise and start to count if 
black pixe l is fou nd unt il the next white pixel is fo und; and do the sa me for raster line horizonta lly. The 
result ing va lue checked fo r th reshold and then used to complete the hori zontal and veltica l grids. G loba l 
mesh-techn ique is the preferred approach, if the size of the dots in the image is un iform. However, it has 
prob lem if dots size differ from docum ent to docu ment as it apply the same global threshold value to draw 
all grids line in the image. 

In adapti ve mesh-grids technique, to draw the horizonta l gr ids the a lgorithm finds the maximum height of 
dots from line segmentation. To perform line segmentati on, the a lgorith m scan each raster line of the 
image horizontall y, if b lack pixe l is fo un d, it marks as the beg in ning o f the dots and increment the dot 
count by one. And then jump to the next raster line to check the presence of black pi xel. Thi s continues 
until no more black pixe l is fou nd in the next raster line of the image . Thus, the first black pixel and the 
first whi te pixe l after the black pixel mark the begi nning and the end of that particular dot. Once the dot 
he ight is determined fo r a given dot line, the mi dpoi nt is calculated by di vid ing the dot count va lue by 
two. Then, the algorithm sets pi xels in raster line that pass through the mid point coordinate, to some co lor 
va lue to draw the horizo ntal grid s line. 

To draw the veltical grids the a lgorithm scan vertica lly to find the maximum dot width from half-character 
segmentation. The resulting val ue wh ich indi cates the width of dot is di v ided by two to draw the vertical 
grid at the current height pos ition plu s half of the dot width value for that spec ifi c verti cal li ne . Th is 
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process continues adaptively for the whole image ca lculatin g the new dot width to draw th e subsequent 

grids. The advantage of adaptive mesh is that it considers loca lly the size of dots in d rawing each grid s 

line. 

Figure 3.2 and Figure 3.3 describe algorithm for horizontal and velt ica l grids. 

//Adaplive grids-mesh 10 conSlrucl Horizontal grids line 
LeI img is malrix same size with Braille image, 
LeI x and yare coordinates points for width and height of Ihe image. 
Do 

For each y where y is less Ihan img heighl 
if pixel 01 img(x, y) is black 

Else 

Do while pixel 01 img(x ,y) is black 
Increment dotcount by one 
Go to nexl row 

End loop 

Jump 10 nexlline 
End if 

Endfor 
if dOlcountless than min-threshold 

Continue to next column 
if dOlcount greater Ihan min-threshold and less than max-Ihreshold 

LeI w=O 
For each H I where w is less than img width 

Draw horizontal grid-line at y- (dotcount/2) 
Else if dotcollnt grealer than max-threshold 

Fntllnnn 

LeI w= O 
For each HI \vhere HI is less Ihan img width 

Draw horizontal grid-line at y-(3/4) 'dotcollnt 
Draw horizontal grid-line at y-(J/4) 'dotcount 

Figure 3.2 Horizontal A1esh-gricls' algorithm 
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!!segmentation algorithm based on adaptive mesh-grids LeI img is matrix same size wilh Braille image LeI x and yare coordinates points for widlh and height of the image. //col1slruct vertical grids line 
Do 

For each x where x is less than img width if pixel at img(x, y) is black 

Else 

End if 
Endfor 

Do while pixel at img(x ,y) is black 
incremenl dotcounl by one 
Go 10 next column 

End loop 

Jump fo next line 

if dotcount less than min-threshold 
Continue to next line 

if dotcoun! greater Ihan min-threshold and less than max-threshold Let h~O 
For each h where h is less than img heighl 

Drml' vertical grid-line al x-(dotcounl!2) 

Else if dOlcount grealer than max-threshold 
Let h~O 
For each h where h is less than img height 

Draw vertical grid-line al x-(3!4)*dotcount 
Draw vertical grid-line at x-(J!4) 'dotcount End loop 

Figure 3.3 Vertical A4esh-gl'ids algorithm 

The a lgorith m is implemented to to lerate no ise in case the two consec uti ve dots do not have space to 
de limit the end of the fi rst dot and the begin ning of th e next dot. Thus, if the s ize of dot is above the 
thresho ld set to single dot size two g rids line is drawn, at current he ight val ue min us % and v.; of dot count 
fo r the fi rst and the second grid s li ne respecti ve ly. 

Once the mesh is constructed , segmentation extracts the dot po int from the image. The segmentation 
procedure ident ifies the foreground , from the back groun d based on prev ious ly constructed mesh. The 
algori thm perfo rm sea rch for the foreground pixe l with threshold . As the segmentat ion is based on mes h, 
search to extract dots are perfo rmed around th e intersection of the horizontal and vertica l gr idli ne. 
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The segmentation algo rithm starts by determi ning the first intersect ion po int of the mesh on the Bra ille 

im age . Then the a lgorith m search pixel color of the fo reground (content) w ith thresho ld in a ll direction 

aro und the intersection po int to declare the presence of va lid dot which would be the possible location o f 

the dot. 

The threshold can be re laxed to consider the mlnll11Um d'ot size. Accord ing ly, if the pixe l meet the 

thresho ld, the (x, y) coordinate va lues of that point is regi stered in an array prepared for such purpose. 

This conti nues for the who le mesh intersection po ints and the corresponding (x, y) coordinates is 

registered if there is a dot on that coordi nate. 

Fina lly, the algorithm convert the whole image in to black co lor and set the dot coordinates va lu e with one 

pixe l o f white co lor. 

The segmentati on techniq ue whi ch depend s on the constructed g rids mesh is robust and to lerates no ise. 

Th is is beca use the al gori th m does not require checking every pixel in the image. Moreover it to lerates 

noi se as th e search is made o nl y fo llowi ng the mesh coordinates. The a lgorithm is described in Figure 

4.20 

3.5 Feature Extraction and Recognition 

Feature extracti on is a representat iona l mechani sm of the Brai lle image. At this stage the identity of 

each of the Bra ill e detected is recognized. Si nce each character is di stinguished from the rest by its 

unique combinat ion of dots, it w ill suffice to identify the (relative) positions o f its dots. Then, the 

character can be described in terms o f the numbers of dot pos iti ons. 

Since the pos iti ons of Brail le characters in the image have a lready been identi fied , it is strai ghtforward 

to chec k for the ex istence ofa dot at eac h of the six pos iti ons of points in a Bra ille ce ll. 
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The first approach is to describe Bra ill e characters as a reg ion in the image; th is region is divided into 

six eq ua l compartm en ts (two across, three down) in which the search fo r dots is perform ed. If the exact 

pos iti ons of dots in the im age are known, it is easy to check if one of them is incl uded in a compartment 

a long spec ified directions following mesh gri d that has been constructed. The six poss ibl e pos iti ons of 

the dots are known fo r each indi vidual Bra ille character pos iti on in the image. Hence, a ll the possib le 

character pos itions are examined. Within each one of them, the intersection s of grid lines are considered 

(21). 

So, modification of region based approach is adopted in the current study. The modificati on is that th e six 

co mpartm ent of th e ce ll checked for the presence ofa s ing le pi xe l rather than a ll pi xels in the area. Thi s is 

beca use, after segmentati on dots has a sing le pixel representation. Then , context analys is is performed to 

recognize the cell as part of the Braille character or stan d a lone as a Bra ill e character. 

At this stage feature extraction, takes advantage of the mesh. The algorithm fo llowin g the mesh access 

dots on the coordinate point and g roup into cell. Then, the resulting g rouped dots of a ce ll are checked for 

its contelll aga in st the rules defi ned. The context ana lys is is used to determine the status of the ce ll. 

Accordingly, a cell w ill have three poss ible statuses in a Braille character. Dependi ng on th e number of 

ce ll (one or two) defin ed for a Braille character, the cell recognized as part o f a character or as a character 

a lone. That is once, the feature extraction is performed, whi ch group dots in a cell , up on recogn iti on the 

ce ll is recogni zed as a Bra ille o r P3lt of Bra ille character. Algorithm adopted for feature extraction and 

recognition is presented in append ix V. 

3.6 Artificial neural network 

3.6.1 Introduction 

An artificial neural network (ANN) is a mathemati cal mode l or com putat ional mode l based on bio log ica l 

neu ral networks. It can also be referred to as an adaptive stati sti ca l model on an ana logy with the structure 
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of the brain. Neural network fi nd application in modeling, patter recognition s, signal process ing and 

contro l by v irtue of an impol1ant propel1y; the abili ty to learn from in put data [24]. The fo ll owing part of 

th e section dedicated to di scuss on the concept and issues o n neu ra l network. 

Art ific ial neural networks have been studied fo r more than four decades since Rosenblatt fi rst appl ied the 

sing le- layer perceptrons to pattern-c lassification learnin g in the late 1950s. Recent ly , many researchers 

apply neura l network in the field of computer eng ineering and a rtific ial inte lli gence. It has been used in 

large number o f appli cation and has proven to be effecti ve i'1 performing compl ex fu nction in a var iety of 

fi e lds. These include patte rn recogn it ion, c lass ificati on, v ision, control system and predi ctions [19]. 

Different definitions are fo rwarded to neural networks. However for th e purpose of thi s study the one used 

by He ik in , S, 1999, will be adopted, which views the ANN as a formali zed adaptive machi ne: 

"An artificial neural network is a massive parallel distributed processor made up of simple processing 

units. It has the ability to learn/rom experiential knowledge expressed through infer IInil connection 

strengths, and can make Slich knowledge available for use. " 

3.6.2 Basic structure of a neuron 

3.6.2.1 The Human brain 

AI1ificia i Neura l Networks were inspired by bi o logical fi ndin gs relati ng to the behavior of the bra in as a 

network of units ca lled neuro ns. The hum an bra in is estimated to have around 10 billi on neurons each 

conn ected on average to 10,000 other neurons. The neura l mode l com pri ses the basic structure of the 

hum an brain shown in Figure 3.4 .The tree like structure ca lled the Dendrite. The neurons co ll ect s ignals 

from other neurons through these dendrites. The neuro n send out spikes of e lectri c ity act ivity throu gh a 

long, thin stand known as axon, wh ich spli t into thousands o f branches .At the end of each branch, a 

structure called a syna pse converts the acti v iti es from the axon into e lectrica l effe cts that inhibi ts or 

exc ites acti vity in the connected neuron . When a Ne uron rece ives exc itatory in put that is suffic iently large 
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compared with its in hibito ry input, it ends a spike of electri ca l act ivity down its axon. Learni ng occurs by 
changi ng the effecti veness of the synapse so that the in fl uence orone neuron on another changes. 
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Figure 3.4 The Biological Neuron Model 

The bi o log ical neuron model is the foundation of an artifi c ial neuron. It s imulates the four bas ic 
components of the natura l neuron: Dend rite, soma, axon, and synapses . 

In the neural network lite rature, the unit analogous to the bio logica l ncuron is referred to as a process ing 
e lements [PEl or units. A processing element has many input path and combin es, usually by a simple 
summ at ion, the values of these in put paths. 

When creati ng a functional mode l of the biolog ica l neuron, there are three basic components of 
importance . First, the synapses of the neuron are mode led as weights. The strength of the con necti on 
between an input and a neuron is noted by the va lue of the we ight. Negati ve weight va lues refl ect 
inhibitory connections, whil e pos itive va lues designate excitatory connections [24]. The next two 
components mode l the actua l activity within the neuron cell. An adder SUll1 S up a ll the inputs modifi ed by 
their respective weights. Thi s activ ity is referred to as linear combination. Finally, an acti vat ion function 
contro ls the amplitude of the output of the neuron. An acceptab le ran ge of output is usually between 0 and 
I , or -I and I. 
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Mathemat ically, thi s process is described in Figure 3.5. 

\,' '''' --~ ~ ':'l 

, , . 

• 

h · l~l1t 
, 1':: 1\. Ii ... 

~ ~':.' .... 
./ 

• 

.. I H.,t . 

') Il ~' pl \l.. 

\\·~I.;hl'" 

'\ :.1 

, 

/ 

Figure 3.5 Arlijicial Neural Network Iv/odel 
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From th is mode l the interval act ivity of the neuron can be shown in Equation 3.1 : 
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EquO/ion 3.1 Weight Summation junclion for Neural Network 

The output of the ne uro n, V k, wou ld therefore be the outcome o f some activat ion fun ct ion on the value of 

3.6.3 Component of Neural Network 

There are seven major compo nents that make up an a rtific ia l neura l network such as: Weighting Factors, 

summati on funct ion, tran sfer fun ctio n, scali ng and limiting, o utput fu nction Error function and Back· 

propagated va lu e and learning functi on [8]. These components are va lid where the neuron is used in any 

layer: input, output or is in one or the h idden layers. 
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3.6.3.1.1 Weigllting Factors 

A neuron usua lly rece ives many s imultaneous inputs. Each inputs has its own re lative weight, wh ich g ives 

the input the impact that it needs on th e processi ng e lement's summ atio n function. Weights are adapti ve 

coefficient w ithin the network th at determines the intens ity of the input s igna l in the art ificial neuron. 

They are the measures of an input ' s connection strength. Th is strength can be mod ified in response to 

various training sets and through its learning rul es. 

3.6.3.1.2 Summation fUll ctioll 

The firsl step in process ing e lement's operat ion is to compute the weighted sum of a ll of the inputs. 

Mathematica lly, the in puts and the corresponding we ight a re vectors whi ch can be represented as 

(X " X" X3 ...... .. Xm) and (W" W,. W3 ....... Wm).The total inplit signal is the dOl, or inner product of these 

two vectors .The resu lt is a sing le nu mber ,not a mult i-element vector. 

The summation funct ion can be more complex that j ust the simp le in put and we ight sum of prod uct .The 

input and weight coeffic ients can be combined in many d ifferent ways befo re pass ing onto the tran sfer 

function. The spec ific algorithm for combin ing neural in put is determi ned by the chosen network 

architecture and paradigm. 

3.6.3.1.3 Transfer FUl1ctiol1 

The res ult of the summ ation function, a lm ost always the we ighted su m ,is transfer red to a worki ng output 

through an a lgori thmi c process known as th e transfer fun ction .In tran sfer function ,the sum total ca n be 

compared w ith some thres ho ld to determin e the neural input .[fthe sum is grealer than the lhreshold va lue. 

the process in g e lements generate a signal. I f the sum is less lha n the thresho ld , no signal is generated. 

Both lypes of response are s ignifi cant. 

3.6.3.1.4 Scalil1g alld Limitil1g 
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Once the transfer fu nction has completed, the result can pass through additiona l process ing such as sca li ng 

and limitin g. This sca ling simp ly mu ltip lies a sca le facto r tim es the transfer va lue, and then adds an offset. 

Limiting is the mechani sm, wh ich in sures that the sca led resul t does not exceed an upper or lower bou nd. 

Th is limiting is in addition to the hard limits that the ori g ina,1 tran sfer fun ction may have performed. And 

such type of sca lin g and limiting is mainly used in topolog ies to test bi o log ica l neuron models . 

3.6.3.1.5 Output Function 

Each processing element is allowed to output one s igna l, which it may send to hundreds of other neurons. 

Thi s is just like the biological neu ron, where there are many inputs and only one output. Norm ally, th e 

output is directly equi va lent to the trans fer function 's result. Some netwo rk topologies, however, modify 

the transfer resu lt to incorporate competition among ne ighboring processi ng elements. Ne urons are 

allowed to compete with eac h other, inhibiting processi ng e lements unless they have great strength. 

Com petition can occur at one or both of two leve ls. Whi ch dete rmines neuron that will be acti ve, or 

prov ide an output; and help to determine which process ing e lements w ill participate in the learnin g or 

adaptation process. 

3.6.3.1.6 Error junction and Back-propagated value 

Artificia l neuron 's error is calcu lated as the difference between the current output and the desired output, 

in most lea rning networks. Thi s raw error is then transferred by th e error fun ction to match the pm1icular 

network a rchitectu re. The artific ia l neuron's e rror is then typically propagated into learnin g fun ction s o f 

another process ing e lement. Thi s error term is sometimes called the current e rror. 

The current error is typically pro pagated backward to a previous layer. Yet, this back propagated value 

can be e ither the current error, the current e rror sca led in some man ner or some des ired output depending 

on the network type. Normally, th is back-propagated va lue, after be in g sca led by the learni ng fun ction, is 

mu ltip lied against each of the inco ming con nection weight to modify them before the next learning cyc le . 
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3.6.3.2 Learning fu nctions 

The purpose of the learning fu nction is to modi fy the variab le connection weights on the inputs of each 

process ing e lements according to some neu ral based a lgorithm s. Thi s process of chang ing th e we ights of 

the input connect ions to achi eve some desired resul t cou ld a lso be ca lled adaptat ion functions, as well as 

the learning mode. 

3.6.3.3 Type of Activation Function 

3.6.3.3.1 Tile activation jUllction 

The act ivatio n function <il (.) performs a mathemat ica l operation on the s ignal output. As mentioned 

above, the act ivation function acts as a squashin g fu nction, such that the output of a neu ron in a neural 

network is between certa in values (usua lly 0 and I , or -I and I). In genera l, the most com monly used 

act ivat ion fun ction s are three, which are descri bed be low. 

First, there is the Thresho ld Function , a lso known as Heavis ide fun cti on, which takes on a va lue of 0 if the 

summ ed input is less than a certa in thresho ld value (v) and the va lue I if the summed input is greater than 

or equal to the threshold va lue shown in E quatioll 3.2. 

(
. , 1 

(P\ ·) = 
' 0 

ii \ 2 0 

if \ < 0 

Equation 3.2 Threshold Function 

Second ly, there is the Piecewise-L inear function. This fun ction again can take on the va lues of 0 or I, but 

can also take on values between that dependin g on th e amp lification factor in a certai n region of linear 

o peration g iven in Eq uation 3.3. 
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EquCltion 3.3 Piecewise Linear Funct ion 

Th ird ly, th ere is the sigmoid funct io n. Th is function ca n range between 0 and I, but it is a lso sometimes 

usefu l to use the - I to I range. An exa mple of the sigmo id function is the hyperbo lic ta ngent funct ion. The 

s igmo id funct io n is strict ly contin uous function, which ca'n be d ifferentiable . Thi s pro perty makes it 

appropr iate for use in neural network trai ned by back-pro pagatio n shown in Eq uati on 3.4 

l - cxp(- t·) 
= 

Equation 3.4 The Sigmoid Function 

Some more types of activation fu nction are a lso used in d ifferent a reas of appl ication of ANN .The cho ice 

o f the activation fu nction ma in ly depends on the di stri bution of the ta rget va lue, which is generated by the 

output un its. For contin uous va lued ta rgeted with a bo und ran ge, the s igm oid function are preferab le, 

provided that e ither the o utput or the target to be scaled to the range of the output act ivat ion function (37). 

3.6.3.4 The network Architecture 

Art ificial neural networks have s imple structures and are designed to mimi c the fu nction o f the biolog ica l 

neu rons. The pr inc ipal im portance of a neural network lies on thei r intercon nect io ns. The natural 

connect io n of a human bra in is too complex to be imp lemented d irectly in neura l network. The structures, 

therefore stud ied so far are s im ple and easy to be implemented in d ig ita l computers. 

A rchitecture of a neura l network is the spec ific arrangement and connecti on of the neurons that are 

organi zed in th e fo rm of layers, make up the network . It is defined by a number of layers, the number of 

units per layers, and the interco nn ection pattern between layers. In general , ANN has a simi lar stru cture of 

topo logy, basical ly, these are th ree types o f layers each consisting ofa gro up of neuron5. 
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• The input layers cons ist of neurons that rece ive input from the external environm ent 

• The output layers consist o f neurons that commun icate th e output of the system to the user or 

external environment 

• One or more hidden layers between the output and input layers 

When the input layer rece ives the input, its neurons produce output; thi s becomes input to the next layer of 

the system. The manner in whi ch the neura l network is structured is internall y li nked with the learnin g 

algo rithm used to train the netwo rk [24]. 

3.6.3.4.1 Single layer feedfonvard networks 

A feed fo rward network is a network where the neuron s on the first layer send their output to the neurons 
on the second layer, but they do not receive an input back from the neurons on the second layer. 

In other works the network is strictly feed fo rward . A network with the input and output layer on ly is 
ca ll ed s in gle-layered network . 

3. 6. 3.4. 2 Multi layer feedfonvard networks 

The multilayer feed fo rward networks or the mu ltilayer preceptron , are genera li zation of the sing le layer 

perceptron. It inc ludes one or more hidd en layers each with ,the ir respective number of neurons as shown 

in Figure 3.5. The function of th e hi dden neurons is to intervene between the external input and th e 

network output in so me usefu l man ner. 
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3.6.3.4.3 Recurrent networks 
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A Rec urrent networks, which is sometimes referred to as feed back networks can have a signal trave li ng in 

both directi on by introd ucing loops in the network. There may, exist one o r more such loops as shown in 

Figure 3. 7. I n these networks a neuron of layer after receivj ng inp ut from another layer, send its o utput 

back to the prev io us layer neuron s. Rec urrent network are sa id to be dynam ic in that the ir state is cha ngi ng 

continuously un til they reach an eq uilibrium point [34]. 
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Figure 3. 7 Simple Networks with Feedback and Competition. 

3.6.3.5 The learning process 

CompE'tition 
(0"- inhibition) 

The process of adjusti ng the weight to make the network learn the re lation ship between the input and 

target is ca lled learning. The connection between neuron s in a neural network is given adjustable we ights 

or measure of impo rtance. To be more preci se a defi nition o f learnin g that is adapted from Mendal and 

McClaren [1970] is g iven by [24] as fo llows: 

., Learning is a process by which the free parameters of a neural network are adopted through a 

process of stimulation by the environment in which the network is embedded. The type of 

learning is det ermined by the manner in which the parameters changes take place. " 

The process of making the network to learn the so lution to a prob lem fo ll ows a set of we ll defined rules 

ca ll ed the learnin g a lgorithms . Many learning a lgorithm s have been invented to he lp fi nd an optimum set 

of weight that result in the so lut ion of the prob lem. In general , a ll th e learning methods of an adapt ive 

network can be c lass ified into two major categories. 
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3.6.3.5.1 Supervised learning 

In Supervised lea rn ing the neural networks are trained to prod uce desired outputs in response to sample 
inputs, mak in g them palticu larly we ll sui ted to modeling a,nd contro ll ing dynamic systems, c lass ifyi ng 
noisy data, and predicting future events. Most com monly, neural network use supervised tra in ing. These 
input-output pairs are provided by an external teacher or by the system containing the network. For th is 
reason it is a lso ca lled learning with a teacher. The actual output of the net mayor may not match the 
desired output, dependi ng on the weight at the particu lar moment. In a ll cases the tra ining algori thm s 
mod ifies the we ights with the idea that the next time the net sees the same in put pattern , it will more 
close ly reproduce the target output pattern as its actual output. 

3.6.3.5.2 Unsupervised learning 

In Unsupervised learnin g the neura l networks are trai ned by letti ng the network continua lly adjust itse lf to 
new inputs to find pattern or regularity in the input data. So the network is not trained towa rds specific 
outputs. It is se lf-orga ni zi ng learn ing process that does not require external teacher. Once, the network has 
become tuned to the statistical regularities of the input data. It develops the abi lity to form internal 
representation for encod ing feature of the in put and thereby to create new c lasses automatica lly [9]. 

Learning rate 

It is rate at whi ch the artific ial neura l network learns and it depends on the several contro llab le facto rs. In 
selecting the approach, there are many tradeoffs to consider. Obv ious ly, a s lower rate means of a lot more 
time is spent in accomp li shin g the off-l ine learn ing to prod uce an adeq uately trained system. With the 
tran sfer learning rates, however, the network may not be ab le to make the fi ne di scriminations possible 
with a system that learns more slowly . 

Genera lly, severa l factors bes ides time have to be cons idered when di scuss ing the offl ine trai ning test. 
Network complex ity, s ize, arch itectu re, type of learn ing rule or rules employed and des ired accuracy mu st 
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be all considered. T hese facto rs playa sign ifi cant ro le in determi ning how lo ng it wi ll take to train a 

network. 

Usua ll y learning rate is pos iti ve and between zero and one. If the learning rate is greate r than one, it is 

easy for learning a lgo rithm s to overshoot in correcting the ,~e ights and the network will oscillate. Small 

va lues of the learn ing rate wi ll not correct the current error q ui ck ly, but if small steps are taken in 

correcting errors, there is a good chance of arrivi ng at the best min imum convergence. 

3.6.3.6 Learning laws 

Many learning laws are in commo n use. Most of these laws are some SDit o f variati on of the best known 

and oldest learn ing law [8]. 

3.6.3.6.1 Hebb 's Rille 

T he fi rst learning rul e was introd uced by Donald Hebb. Hi s ·basic rul e was: if a neuron rece ives an inp ut 

fro m another neuron and if both are hi ghly active, the weight between the neuron shou ld be strengthened. 

3.6.3. 6. 2 Hopfield Law 

It is s im il ar to the Hebb 's rule w ith the exception that it satisfY the magnitude of strengthening or 

weakening. It states," if the desired o utpu t and the input are both active or both inact ive, increment the 

connection we ight by the learni ng rate, otherwise decrement the we ight by the lea rn ing rate". 

3.6.3.6.3 Tile Delta Rille 

Thi s rul e is th e further variation of the I-Iebb 's rul e. It is one· o f the most commonly used rul es. The de lta 

rul e works in the way that the delta error in the o utput layer is tran sferred by the derivative of the trans fer 

functio n and is then used in the prev ious neu ra l network to adj ust inpu t con necti on we ights. In the othe r 

words, thi s e rro r is back-propagated in to th e prev ious layers one layer at a time. The process o f back-
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propagati ng the network errors cont in ues until the first layer is reached. This ru le changes the synaptic 

we ight in th e way that mi n imizes the mean squared error of th e netwo rk. 

3.6.3.6.4 The Gradient Descent Rille 

This rul e is similar to the delta ru le in th at the deri vati ve of the transfer function is still used to modi fy the 

de lta error before it is applied to the connecti on we ights. Here, however, an additi ona l propOit iona l 

constant tied to the lea rning rate is appended to the final mod ify ing factor acting upon the weight. Thi s 

rule is co mm only used, even though it converges to a point of stability very slowly. 

3.6.3.7 Multilayer Feed forward neural networks 

Mult il ayer feed fo rward neural network o r multilayer perceptron netwo rk [MLP] is the most popular 

neural network type. It has been applied successfu lly to so lve so me diffi cult and diverse problems by 

trai ning them in superv ised or unsupervi sed man ner w ith a hi ghly popular a lgorithm known as error back­

propagation algorithm. 

The typ ica l network ha s an input layer, at least hidden layer and an o utput layer. There is no lim it on the 

number of hidden layer but most application use just one or two. 

3.6.3.8 Back-propagation 

Tra ining a neural network is the process of sett ing the weight on the inputs o f each of the units in such a 

way that the network best approxi mates the underl y in g fun ction. Back-propagati on is the most common ly 

used method for training multi layer feed forward neural network. Th is traini ng scheme is used for 

adj ustin g the connection we ight o f each unit in such a way that the error between the desired o utput and 

the actual output is reduced. More c learly, the neu ral netwo rk adjusts the connection we ights to each unit , 

begi nnin g with th e connecti on between the last hidden layer and the output layer. After the network has 

made adjustm ent to this set of co nnectio n, it ca lcul ates error val ues for the next perv ious layer and makes 
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adj ustments. This scheme was developed independently by Webros, Parker, Ru mehalt , Hinton and 

Will iams [8]. 

The ro le of a tra ining a lgori thm is to set the network's weight and thresho ld so as to min imi ze predicti ve 

error by the network. The historica l cases gathered are used to automatica lly adj ust the weights and 

thresho lds in order to mi nimi ze this error. Thi s process is equi va lent to fitt ing th e model represented by 

the network to the traini ng data avai lable. The error of a particula r confi guration o f the network can be 

determ ined by running a ll the tra in ing cases through network, comparing the actua l OUlput o f generated 

w ith the desi red or targeted output. The difference is combin ed together by an error function to give the 

network error. T he most common error function is th e sum squared error, where indi vidual error of output 

on each case squared and sum med together [30]. 

The error back-propagation method can be app li ed to any feed fo rward network with d ifferent iab le 

activat ion function. The requirement of d ifferent iability of the activa ti on fu nction is based on the 

fo llowi ng reason; as mentioned before, the di fference between the response of an output uni t and expected 

response is the error made by the netwo rk . The unit of th e output layer uses this error d irect ly to correct 

their connect ion weights, but thi s is not the sam e fo r the units of the hidden layer si nce they are not in 

d irect contact w ith the error. As a result the uni t of hidden layers needs to estimate th eir error us ing error 

back-propagati on method. The am ount of erro r made by th e network is first converted into an error s igna l 

that is proportiona l to the rate of change of the non li near activat ion function. In fact, this implies that we 

want th e correcti on to be proporti onal to the rate of change o f the act ivation function. 

The ultim ate purpose of error correction learn ing is to m ihim ize the cost funct ion based on th e error 

signals, such that th e actua l response of each output neuron in the network approaches the target response 

78 



for that neuron in some stat istica l sense [24] . T he algorithm for feed-fo rward network is given in Figllre 

3.B. 

3.6.3.9 Application of neural networks 

When the result of the mode l is mo re important than understa ndin g how the model wo rks, neu ral network 

a re good choices fo r most c lass ificat io n and prediction tasks. Neura l network actua ll y represent compl ex 

mathematica l equation, w ith lots of sllmmation, exponential function and many parameters. Neural 

network do not work well if there are many hundred s or tho usa nd s of input feature. Large numbers of 

feature make it more difficu lt for the network to find patterns and can result in long trai ning phases that 

never converge to a good so lution [1 2] . 

Neura l network have a broad app licabi lity to rea l world business prob lems .They have a lready been 

successfull y app lied in many ind uso'ies and in pattern recogn ition in image process ing. 

IIII' lit: The training samples, samples; the learning rate, I; a multilayer feed:forward network, network. 
Output: A neural network trained fa classify the samples. 
Method: 

1) Initialize all weights and biases innetlVork: 
2) While terminating condition is not sati,ljied{ 
3) for each training sample X in samples{ 
4) II Propagate the inputs forward: 
5) for each hidden or output layer unit j 
6) 1j~ L,wijO, + ~;Ilcompute the net input of unit j 
7) for each hidden or output layer unit j 
8) Oj~ //(1 +e ·J};II compule the output of each unit j 
9) IIBack propagate the errors: 
10) for each unit j in the output layer 
II) EnJ~O/1-0X0-0) :llco/l1pute the error 
12) for each unil j in the hidden layer 
13) EnJ~0l'-O)L. En', Wj' ; 
14) for each weight Wy in network: 
15) .tJwij~(I)EnJO,;llweight increment 
16) Wij~wij+.tJ\Vij,}Ilwight l.lpdate 
17) for each biase ~ in network{ 
18) .tJ~ ~ (I)EnJ;llbias incremenr 
19) ~~~+ .tJ~;}Ilbias update 
20) }} 

Figure 3.8 Feed-for lVClrd algorithms/or neural netlVork. 
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Chapter Four 

4. Experimentation 
4.1 Introduction 

Brai lle is an inva luable means to visually-i mpaired to interact with the rea l world. Different attempt has 
been made to recogn ize Bra ille writing system in different language. In thi s study effort has been made to 
recogni ze Bra ille document fo r Amha ri c language. Thi s chapter provides detailed performa nce analysis o f 
the Amhar ic Braille recogni zer developed in the present study. 

The proposed system stam with acq ui sition of the Brai ll e documents wh ich is usually ca lled digitizat ion. 
The Dig itization of Brai ll e documents is performed with flat-bed scanner (at 200 dots per pixel 
resolutio n), whi ch is the chipset and comm only used dev ice for such study. After the digitizat ion process, 
the image is processed to identify the foreground (content) from the background; thi s process is ca lled 
image Binari zatio n or thresholdi ng. In thi s study, g loba l-Thresho ld ing techniq ue is appli ed for 
Binarization process, si nce the tech niq ue is well known and commonly used approach pa rt icularly fo r 
image that has uniform co lor intensity such as Bra ille doc ument. Thresho ld va lue has been set based on 
the color frequency through experimentation. 

During segmentation the binarized image is further processed to locate the posi tion of potenti al Braille 
dots. In the study segmentation algorith m is developed fo r identi ficat ion of the dots fo ll owi ng the gridline 
constructed vert ica lly and horizontally wit h the dots pattern. The first step constru ct mesh grids 
considering the Brai lle dots, then segmentation performed by searching the black pixe l with thresho ld 
around the mesh coo rdinate. Eventually, the procedure identifies dots in one-pixel white co lor with black 
background . The advantage of gridlin es is that dots search onl y made on coordinates. Thi s red uces the 
computation tim e. The resultin g image is then fed to the featu re extract ion procedu re to extract the 
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patterns of each Bra ill e cell. At thi s stage, the mesh comes into the picture to grou p the dots in to ce ll. And 

context analys is is made to recogni ze the Brai ll e character. In th is regard, it red uces the computation ti me 

as it does not consult a ll the pixe ls of image. Besides, Brai lle character mainly uses one andlor two ce ll s to 

represent the correspondin g print character. Furt her anal ys is is made on the ce ll co ntent, since in some 

case two Braille ce ll s represent one pri nt character. So to determi11e a cell is part of a particu lar character a 

context analys is is preferred based on ru les. Eventually, the extracted patterns are created and stored with 

one and two ce lls in a fil e to prepare for further process ing using neural netwo rk . In recognit ion 

(c lass ificati on) of Braille-to-print, neura l network is app lied. Thi s is because, neu ral network is wide ly 

app lied in d iffere nt pro bl em doma in as it is robust to to lerate error and learn from exa mple. According ly, 

the feed-fo rward neural network is created with multilayer flill y con nected perceptron. The block diagram 

in Figure 4.1 shows the proposed system as seven steps process a long with the correspondi ng too ls app lied 

in each steps. 
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Braille Documents 
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Recognition 
(Braille·Print) 

Figure ~.I I3lock diagram o/rhe . Imharic Braille Recogfli:er. 

4.2 Data Collection 

Braille documcnt has bccn collcctcd mainly from Gcrman school and AAU-Kcnncd,' library. Thc 

documcnts includc both manually produccd and typcwrittcn. As the Braille can be plastic andlor papcr 

shcct. both wcrc collectcd. most of which is t'-pcwrittcn. In addition. considcring color variation in thc 

prcsent study documcnts with whitc and light ycllo\\ has bccn sclected. This is donc bccause the intensity 

of pixel in Braille image varies from one color to anothcr. it tremendously affect the noise levcl. Addcd to 

digitizcd documents. the size ofthc page varies bct\\cen documcnts produced by diffcrent mcans. For thc 

purposc of this stud\" thc standard sized Braille. II x 11 .5 inch. \\ hich is dominantl,' uscd at diffcrent 
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center, is se lected. As indicated in the literature Brai lle can be produced on one s ide or double side of the 

docu ment. For the reason that, most Amharic Bra il le documents a re single-s ided, the study is limited to 

investi gate sing le-s ided embossed Bra ill e sheet. The deta il s of sample Bra il le document collected for 

experimentation are given in Table 4. J . 

Table 4.1 Summary oj Amharic Braille documents collected/or the study 

Bra ille property Descri ptio n 

Bra ille s heets 10 shee t 

Total numbe r of characters 4500 

Mea n number of characte r per sheet 450 

Digita l fo rmat Gray scale/Co lo r 

Reso lution (ho rizo nta l and vert ica l) 200 dp i 

Image size Kbytes(o n ave rage) 2.75MB 

Brai lle type Single sid ed - grade 1 

Image format Bitmap ('b m p' ) Bmp 

Docum e nt size( Ho rizo nta l x ve rti ca l) llinches x 1l.5inches 

4.3 Digitization/lmage Acquis ition 

In Opt ica l Bra ille Recognition (OB R), d igit ization enables to produce a d igita l image of the scanned 

document in the fo rm of b itmap. A fl at-bed sca nner, with hp photo and im agi ng program, has been used 

fo r d ig it izatio n process. Thi s is because it is a cheap a lternative whi ch can be used for so many other 

appli cations o f th is sort. 

The Brai ll e docu ment is sca nn ed with 200 dots per inch (dpi) reso lutio n whi ch is recommend ed to get 

good qual ity image. W ith thi s configu rat ion, Brai lle docum ents that are co ll ected fo r the present stu dy a re 

scan ned and prepa red for subsequent processi ng. 
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The document scanned with color and gray level , which is examined visually to get better image. Samplc 

digitized image is sho\\ n in Figure ,/.2 (left for gray and right for color). 

-- y ~ 

~ 
w _w - - - ... - -- - ~ v. , 

• 
~ -~ 

... ........ -- w_ ..., 
• 

.. - - ... .- .. .. .. ... ... .. - .. .. .. .. 
. .. .. .. --- ... .. .,--,....".. ... . •• .. · .. - -- -.., - .. ., 

•• .. • .. .. .. ... .. .. ... 
~ - ... .. .. ... ... ...- '" -. . ., .. .. _ .. 

Figure -1.:1 Braille documel1t image (Iefl \I';lh gray level scale ollll right \1';111 color) 

4.4 Binarization/image Thresholding 

In image processing Binarization is the process of identifying thc foreground (black color). which would 

be the contcnt of the scanned image, from the background (white color). Binarization has been pelformed 

by thresholding approach, which can be global or local. For the problem at hand, a global thresholding 

techniquc has becn selected for the reason that it is simplc to usc and computationally less expcnsivc than 

local thresholding technique. Moreover, the Braille image has uniform color which is appropriate for 

global thresholding. 

In this research. initial attcmpt has bcen made to develop a program codcd in visual C++ studio. And the 

algorithm produces satisfactory result with typical Braille image. To sct the thrcshold value, image pixel-

levcl frequency has bcen examined for both gray-level and color image. Table ,/.2 shows thc frequency of a 

typical Braille image pixel intensity, for colored and gray-Icvel image along with the corrcsponding 

histogram graph given in Figure ./.3. 
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Table -1.2 Frequency distribution of colors (left/or gray-level image and right /or color image) 

Gray-level Frequency Color-leve l Frequency 
92 1 101 1 

124 1 118 27 
132 13 135 1023 
140 68 152 5470 
148 628 169 2892 
156 2101 173 3304 
164 5954 180 14767 
172 12200 191 1727 
180 19702 194 6223 
188 29625 197 29385 
196 42194 202 32767 
204 61493 203 21542 
212 154388 207 15762 
220 1143817 213 139651 
228 1729945 220 19513 
236 379544 224 64455 
244 101286 228 442743 
252 92507 232 651437 
254 1839 236 505634 

Total co lor 19 246 121213 
253 84585 
254 76546 

Tota l co lor 22 
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r i[!ure -1.3 ";'eqlfellcy disfrihllliol1S (~r co/un fur Braille image (Iop- color Braille Image. and BOl/om-Gray leFcl 

imf1[,!e) 

In setting threshold. a preliminary anah's is of rel evant picture statistics \\ ith a series of e~periments is 

performed in which the threshold image is examined as the thres hold is adjusted. and the best result is 

ascertained visually' 1171. 

Accordingly. based on the frequ ency distribution different experiments have been conducted with three 

different thresholds , The thresholds that has been considered include value less than. less than or greater 

than. and greater than the maxi mum frequency for both I\Ve of image, And from experience a better 

image result is found from the gray level image, It is also observed from experiment that the noise level 

increase with co lor image than for same linage in gray' level. The result ing images based on the three 

thresholds arc given in the fo II 0\\ ing part, 
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4.4.1 Billarizillg Gray Image 

To binarize gray image, one-threshold value and two-threshold value are tested . 

Image with two-threshold value: From experience for gray image the best image (see Figure -1.-1) with 

less noise is resulted with threshold value: less than or equal to 202 or greater than or equal to 247 color 

values. 
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0< 0 e ? ~~ • •• o· -. ~ - 4 

Figure -1.-1 Gray-level imoge after !hres/lOld (color value =]02 or color I'oille =2-1 7) 

Image with one-threshold value: sample gray-image result based on less than (sec Figure -I.5Ieft-image) 

and greater than (sec Figure -1.5 right-image) from the maximum frequency: 

.... _ .... ... .. ... ..... - ... " . . . .... . - .... . " ............ -... 
.. .. -- -~ ., .... . .. 

Figure -1.5 Bil1arized gray-level image (Iefl- Color value less l/tall 202, and righl- with Color I'n/lle greater thal1 ]-17) 

The resulting images from the above process work well for further processing. However. with t",o 

threshold values the resulting image produce a singlc- dot (two black areas) separated by white color in 

between. Sample image is shown in Figure -1.6. 
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Figure -1.6 Result of Bil1arizaliol1 with 111'0 threshold vallie. 

Image sho\\1' in Figure -1.6 is resulted beeause the raised part of the Braille dot produce two different 

intensity at the top and bottom part of a dot (protrusions) for light reflected while digitizing the document. 

This image is important to separate double-sided Braille document in to two: front ru,d back side. TI,is 

study docs not consider this imagc furthcr, since thc scope of the study is focused on single-sidcd Braille. 

4.4.2 Billarizillg Color image 

An attcmpt is also made to binarize color image as described bclow. 
Image with two-threshold value: Figure -1.7 given below show sample result from color image. Color 

[mage Binarization has been performed with threshold value less than or cqual to 203 or greater than or 

equal to 254 color value. 
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..... or .. 

- . 
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...., -.~ - ..... .. ...... ........ ... . ---....... ." "I 

~... • ... __ r --. .., .. "" 
Figure .f. 7 Color-level images after fhreshold 

Visual examination of the resulting image show that with color image thcrc is a possibility of losing valid 

dot point as the dots size is relatively small and thc noise level is relativcly high. TI,is requires advanced 

image preprocessing techniques. Hence, in tlus study the one with gray-level image is considcred for 

further processing. 
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The program which is coded in visual C++ environm ent performs the Bi narizat ion with th resho ld value. 

The a lgorithm mai nly perform s two thin gs: first convelts each pixel in to gray-leve l, and then compare the 

res ulti ng co lor va lue with the thresho ld to set the pixel in one,ofthe two co lors (black and white). 

RGBQUAD color; Iislore RGB volue 
COLORREF Co/Va/;/islore grayeolor value 

eolor.rgbRed=p DC->GeIPixel(b,a); 
color. rgbGreen =pDC- > GelPixel(b,a); 
eolor.rgbBlue =pDC->GelPixel(b,a); 

Ilconverl color value 10 graylevel 

CoIVal=(eolor.rgbRed * 77 + color.rgbGreen * 150 + eolor.rgbBlue • 29 + 128)1256; 

Figure 4.8 Ms-visual C++ code 10 extract the RGB afimage pixel and COl7verllO gray-level 

To accomp lish thi s, co lor va riab le is declared as RGBQ UAD, which a llow extract in g the RGB (red, g reen 

and blue) va lue of a pi xel in visual C++. Then the Red, Green, and Blue va lue of the pixel are stored 

independently in a co lor variable dec lared as COLORREF as g iven in Figure 4.8 along w ith the form ula 

fo r computing co lval (co lor va lue). 

The g lobal - thresho ld algorithm perform well on a c lea n Brai lle im age. However, most o f th e Bra ill e is 

degraded in quali ty, and the no ise leve l affect to the extent o f mi ss ing some val id dot and/or separatin g 

overlapping dots. 

The fo llowi ng are some of the challenge worth menti on ing whi le perfo rm in g the Bina rizati on 

experim entati on whi ch increases noi se leve l. 

• First as the Brai lle document has uniform co lo r it makes diffi cult to find a value that parti cularl y 

locate th e area of the dot (see Figure 4.9 (b)). 

• Because of repeated use and bend, im age is distOited . As a result the binarized im age is suffered 

in scatlered type of noisy. Thi s conditi on is c learly v isual ized in Figure 4.9 (a). 
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• Preparation of image. la) out arrangement and reflection of light affect thc digitization process too 

(see Figure 4.9 (c)). To get clear image decreasing/increasing the threshold will diminish thc sizc 

of the dots. 
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Fiplre -1.9 ,voisl' illlage afler thresholding ((a) repeatedll' lIsed Braille illlage. (b) IIni/orlll color atul (c) light ~fJect). 

In such a case attempt was made to make some adjustment on the threshold (b\' decreasing or increasing). 

The action wou ld bring some improvement in decreasing the scattered noise. but still this will happen at 

the cost of losing some valid dots as sho\\ n in Figure -1.10 . 
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l'igure -1.10 Resull of Binarized image a/leI' reducing the threshold (Jmage with reduced fhreshold) 
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At thi s po int, a second attempt is made to bi narize the im age us ing im age man ipul at ion program. This is 

done with some im age in which high leve l of no ise was resulted. Though there are d ifferent image 

processing programs the researcher prefers GIMP2.6 too l beca use it is found to work we ll fo r the intended 

purpose and ava ilable free. The result ing image is saved with two tone co lor va lue. Figure 4.11 shows the 

fi nal binari zed Brai lle im age . 

. --
' .. • • . . 

Figure 4, II Sample binarized which is usedforfurther recognition 

After the Binari zati on, or sometim es ca lled thresho ld ing, the sca nned image has the feat ure that the 

foreground (content of the im age) is represented by black co lor and background with white co lor. Th is 

output of the Binarization mod ule will be fed to the next leve l of process ing, which is image segmentation. 

4.5 Image Segmentation 

As ind icated prev iously, segmentation refers to the process of separatin g dots from Bra ille image that can 

fu rther be grouped in to a ce ll. These ce ll s flilt her grouped to form character, words or any strokes in 

Bra il le. For the Bra ill e recogniti on problem domain, the po int of interest or the low level o f abstraction to 

be extracted is the s ing le dot that co uld have six alternati ve pos itions in a ce ll as depicted in Figure 4. 12. 

This co ul d be: 

Co lum n I and Row I: Dot 1 
Co luml1 1 and Row 2: Dot 2 
Co luml1 1 and Row 3: Dot 3 
Co1uml1 2 and Row I: Dot 4 
Col umn 2 and Row 2: Dot 5 
Co lum l1 2 and Row 3: Dot 6 

1 4 

2 5 

3 6 

Figure 4. 12 Braille cell with dots pos ition 
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In thi s research segmentatio n is perfor med in two steps: In the first step g ridli nes mesh is constructed; and 

then dots are searched fo llow ing the grids mesh with thresho ld. The techn ique is preferred since Bra ille 

ce ll s fo llow strict layout in hori zonta l and velti ca l line and does not have uni que structure to iso late one 

combination from the others. Bes ides segmentation with mesh-grids bring good result for most of the 

Brai lle research [23 ][28][32]. 

In th is study, both g loba l and adaptive, mesh techniques has been tested to select a method with best 

resul t. In using g lobal mesh, the horizonta l and verti ca l grids are constructed based on a fi xed globa l 

thresho ld . Whereas, in adapt ive mesh the thresho ld is determined loca lly for eac h dots that run s vertica ll y 

and horizonta lly. 

To ill ustrate, after the Binari zation process is over, horizontal and vertica l projection profi le of the image 

has been performed. This process is used to determine the hei ght of a s ing le dot, wh ich would be used to 

set the threshold. Based on analys is of horizonta l project ion profil e, a thresho ld va lue of ten (10) has 

worked well to iso late Brai lle dot lines (dot he ight) . A fter line segmen tat ion, vertical proj ecti on is 

performed that resul t in half-character segmentati on (one col um n of a ce ll ). With vertica l proj ection, a 

thresho ld of 12 works well to iso late dot (dot width) . Figllre 4.13 descri bes the result of vert ical and 

horizontal proj ection. 

-.. ~ ... ..... • -- .. - _. -.. - ...... --_. ... - .... --- -.. -.. .. . ,. .. .. -.. - -~. -- • -- - ,. -- ~ -- ., .. -, " .. 
" 

." ", ... " 
Figure 4. J 3 Horizontal and vertical projection/or Braille image. 
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Based on the above informatio n (spac ing, dOl height and width), a mesh is constructed. At thi s moment 

initi a l attempt has been made to test the g lobal mesh that performs in the fol lowing ways. 

T he a lgorithm first find s optimal starting dot by search ing b lack pixel co lu m n wise and sta rt to co unt if 

black pi xe l is fo und until the next whi te pixel is fo und ; and do th e same fo r raster line hor izonta lly . The 

resulti ng va lue checked for thresho ld and then used to complete the horizonta l and vertical grid s. So, each 

vertical grid s li ne is constructed leavi ng 10 pi xels for inter dots (within a cell ) spaces and 14 pixe ls for 

intra dots (between ce ll s) spaces. After vertica l grids, the horizontal grid s line is constructed with 10 pixe l 

inte r dots spac ing (with in a ce ll ) and 10 pixe l intra dots spaci ng as shown in Figllre 4.17. Inte r and intra 

dot spacing is described in Figllre 4.14. 

Int er dol spocoe Intra dot space 
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Figure 4.14 Inter and intra dot spacing in Braille 

O nce the optim al stal1ing dot for vel1ica l g rid s is determined , the subsequent possible vel1ica l grid s 

continue for the width of the Braille im age w ith threshold va lue. Figllre 4.15 shows the vel1ical gr ids line 

drawn for a g iven Braille image. 
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Fi[!ure -1,/5 "ertical grid, line hased 011 threshold vallie (/0 pixels for: dot }l'ilhin a cell and /-1 pixels for dots 
betweell cells), 

On the other hand. the horizontal histogram is drawn to determine the height of dots. distance bet"een 

dots of same character and next dot linc. Through experimentation the value is set to 15. 10. and 18 for dot 

height. space betwcen dot "'ith in a cell and spacc bet\yeen dots of different cclls. respectively. A sample 

Braille image ,,;th horizontal line is given in Figure ,/.16 belo\\'. 

w - -.. •. • .. • • - .. .. .. '" .. • .. • 
• - -• ... .. ,.. .. 
.. • . • .. • • . - .. • • • .. .. • .. .. .. ,.. .. • • • • • 

• .. .. • . • • • • .. 
• • • • - .. .. • • • '. ~ • - . .. .. .. .. 
figure ,/.16 Horizontal grids line based on threshold value (/0 pixels(or dot within a cell and 18 pixels(or dots 
beMeen cells). 

The algorithm constructs the mesh grid well. A typieal Braille image" ith global grids is shown in Figure 

./.17. 
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Figure -1. 17 Braille Image Willi Glohal grids 

Ho\\cver. cxpcrienee with different images sho\\ that dots on the Braille image do not al\\ays have the 

same size (height and \\idth). Some documents show well formed dots \\hile others consist of very small 

dots. Moreovcr the dots collection in a given Braille image docs not have uniform size. While constructing 

mesh for such image. experimentation sho\\ that the grids line deviation increase as it moves to the right 

horizontally and to the bottom vertically. Figure -1.18 is a typical cxample in such condition . 

- , - - - , 1 "': . " , ,,. ... , , 
~. 

, ... ' :- ·W , , 

'! '. :- , "":- • , , , , , , " 'W , 
OJ Y' . ~ .. , , , 

~ -, I Dot deviate from grid line j • 
, , 

: "1 • 
, .. , , , , , , ,. , , • , , , 

I- • , , ., .: 
i Correctly aligned dot I , , -, , , , 

- - , , 
:--- ] 1 ______ " 

Figure -I. IX Deviation (~rgrids line fOll'nrds the righf ends 

At this point adaptiyc algorithm is dcYeloped to construct thc grids linc \\ ith thc intension to comc up \\ ith 

bettcr result. This time. the algorithm calculate dots size and spacing loealh· (adaptively) to drn\\ the 

subscquent lertieal and horizontal grids. 

TI,e algorithm for grids formation is described in section 3.4. To draw thc horizontal grids the algorithm 

finds the maximum height of dots from linc scgmentation. To perfonn linc segmcntation. the algorithm 

scan each raster line of the image horizontally. ifb lack pixel is found. it marks as the beginning of the dots 

and eontinuc until the next \\ hite pixel is found. Once thc dot height is dctermined for a given dot line. the 
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midpoint is calculated. Thcn. rcd linc is drawn that pass through thc midpoint coordinatc. 

To considcr overlapping dots. a thrcshold valuc of 35 pixel dot sizc has bccn sct cxpcrimcntal"·. Thus. in 

this situation thc dot count is checked if it is more than thc size of thc threshold. If the result is true. 

accordingly two grids line is drawn. at current height value minus ';'; and y,; of dot count for the first and 

the second grids line respcctively. Overlapping dots are sho\\n in Fi{:lIre -1./9 . 

.... . ~ 

. . ..... ~ 

,' ... ~ 

. . 

...... 

,' ... ~ 

I I I I I I I I I I I 

..... ; 

t:igllre ..J./9.1 .\cenorio (11m shows grids/or OI'crlnpriJlg elms c0I1 .... idenng the threshold dOl width 

To dra\\' the \ertical grids the algorithm scan \ertically to find thc maximum dot \\'idth from half-charactcr 

segmentation The resulting valuc \\ hich indicates the \\ idth of dot is di\ idcd bY' t\\O to dra\\ the vcrtical 

grid at the currcnt hcight position plus half of the dot width \ alue for that specific vertical I ine. This 

process continues adaptivcl, for the \\ hole image calculating the nc\\ dot \\ idth to draw the subsequent 

grids. Part ofmcsh implementation for horizontal grids is given in Figure 4.20 
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bool hit=FALSE;int dotWidth =O,h =O,DotSpace=O,b=O 
/or(int a=O; a<blll. bill Width; a++) 

j 

( / /cOUI1f max dot height/or do! line 
/or( b =O;b<blll.bIllHeight;b++) 
{ if(pDC->GetPixel(a,b) ==O)I/check black pixel 

{ 

} 
if(hit) 
{ 

} 

dot Width+ + ;hit=TRUE; break; 
} 

hif= F A LSE;continue; 

else if('hit && dotWidth<=5 && dotWidth>O)!lelilllinate noise 
( /or(int x =a-dotWidth;x<a;x++) 

} 

/or(int c=O; c<blll.bllli1eight;c++) 
dc.SetPixeI(c,x, RG 8(2 55,255,255)). 

dotWidth=O; 

else if( 'hit &&(dotWidth>5)&& dOlWidth<=20) 
( int d=a+ I , thr=a-(dotWidthI2); 
j'or(int c=O;c<bm.bIllHeight;c++) 
( 

de.SetPixel(thr,c,255);!lset pixel to red color 
jdotWidth=O; 
bool b_dot =TRUE;DotSpace=O; 
Ilcheck space between two dOls in a line, 
whi/e(( de. GetPixel( eI, 0) ==IIG8(2 55,2 55,255) Ii dc. Get Pixel(eI, 0) ==255)&& b _dot) 
(DotSpace+ +; 

/orOnl z = I; z<bm. bmHeighl:z++) 
iff dc. Get Pixel(d,z) ' =RG 8 (2 55,255,255)&& dc. GetPixel( d,z) ' =2 55) 
{ 

b _ dot =FALSE;break; 
jd++,j 

if(DotSpace>=40)llifspace bin two dots >=40 draw additional line 
( int thr=a+ 12; 

jj 

/or(int c=O;c<blll.bllli1eight;c++) 
(dc.SeIPixel(thr,c,255);j DotSpace=O; 

else if('hit && dot Width>30) 
(int thr=a-dotWidth, 11,,'_ I =(a - dOL Width *(314)), thrj=(a - dotWidth(4); 
/or(int c=O;C<blll, bmi1eight;c+ +) 
( 

dc.SetPixel(tl,,'_ I, c, 255); 
dc, Sel Pixel(tl,,'_ 2,c,2 55); 

j dotWidth =O,j 

Figure 4.20 Horizon/almesh implementation 
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As the adaptive mesh take in to consideration the maximum dot height andlor dot \\ idth for horizontal and 

vertical grids line respeetiveh·. none of the dots \\'ill bring significant deviation from the line. Even the 

small dots fall adjacent either above or belo\\ the grids line. Sample image taken during the 

experimentation is given in Figure -1.21 . 

• • . . .. . - vi .. .. • , - .. • • • .. • • 
• • .. • • • • • • • 

Figure -1.]/ Iforizolllnl grid/inc/or Braille Image 

At this stage it is worth to mention some problem investigated during experimentation of adaptive mesh in 

different Braille image. The algorithm is developed on the assumption that there is a minimum of one dot 

do\\n the image vertical h'. And the algorithm draws vertical line only for the presence of valid dots to that 

specific half-character. However. experience sho\\s that some Braille image consists of one or t\\ 0 line of 

character. Accordingly. there is a probabilit\· of missing dot in any of half character down the column. 

This condition is undesirable as a Braille character should have 2 columns by 3 rows stnlctUfC. The 

problem also affects the feature extraction. \\hich would be the forth coming phase in the study. So. 

further modification is made to mesh program to dra\\ ideal grid lines \\'here valid dots arc missed 

verticalh' in half-character. To correct the problem one module (sec Figure .J.22) is added to check if the 

distance between the two dots in a line is within the range ofthe threshold for dot space \\ ithin a character. 

If the spaces fail to meet the criteria. the algorithm dra\\ a hYpothetical vertical line considering the dot 

distance which is set experimentally to be 12 pixels from the first dot. To draw the line the algorithm 

check the white space between two dots is greater than 40 pixels (\\hich is set experimcntally). 

i[IDol.<'imce .JO){inl llir a I]: 
[orlinl c O:c ' hlll.hllllleiglil:c­

dc.,)!!1 Pixe/(thr. c, ]55); 

DnlSpace 0: 

j'lgllf'e -I,]] /'I,\uol C code {n droit' It,lpn/hellcal l'erflcnl grlt!.\ fme 
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This is impol1ant as each Braille character is l\fittcn \\ ithin t\\O columns and three ro\\s. Braille image 

lI'ith ideal vertical grid is given in Figure -1.23. 

Figure -1.23 ,\/esh grics line willI ideal I'erlicnl hne. 

in/ dOlI 2000} I 2f.do/colln/.h . bl". do: do index a(array 
boot hi/ I'AL)'/:': 
do{ 

i/(dc.Ge/Pixel(O.h) 255) check vertical mesh grids 
( 

} 

da{ 
If(dc. Ge/I'I.tel(11'. 0) 255){ chkec horizon/almesh 255 is red color vallie 

} 

for(in/ z h·5:z h 5.z )( 
jorOn/ y 11"·5.y \I' 5:)' ) 

(i(do/colln/ 
{do/fdaJ[O} 
}II' 

i/(pDC. Ge/l'ixel(l'.Z) 0) 
do/colin! :} 

10) 
11': do/fdajj I j h: do/colin/ 0: do 

}while(dc.Ge/l'ixel(w .0)./ 255&&11' bm.bmWid/h): 
\I' O:h 

}lI'hile(dc.Ge/I'ixel(O.h ) / 255&&h bm.bmHeigI7l): 
jar(in/ i 11:1 bm.bmHelghl:i ) con vel'/ backgrollnd 111/0 hlack'.' 

jhr(in/j OJ bm.bmWid/hj ) 
if(dc. Ge/l'i.rel(J. J}./ 0) 

dc.Se/l'ixel(j. i. 0): 
k 0.' 
II'hile(do/jk}[Oj) set do/ lI'i/h Il"hi/e color pixel on black hackgrollnd'." 
( dc.Se/PIXCI(do//kJlOf.dOl/kJ[1 f.IIGB(255.255255)). k 

} 

Figure -1.]-1 implelllenlnTl(m q{mesh hnsed segmeJllatioll 

Once the adaptive mesh is constructed. segmentation extracts the dot point from the image. The 

segmentation procedure identifies the foreground. from the baek ground based on prel iously constructed 
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mesh. The program search black pixe l around the intersecti on o f the ho ri zontal an d vertica l line to 

segment dot. 

The segmentati on g iven in Figure 4. 24 a lgorithm starts by determinin g the first intersection po int of the 

mesh on the Braille im age. Then the a lgorithm search b lack pi xel in a ll di rection around the intersection 

po int to dec la re the presence of valid dot whi ch wou ld be the poss ible location of th e dot. The search 

made within the a rea o f 5 pi xe l to the left , right, top, and bottom from the inte rsection po in!. And a 

thresho ld value is set experimentally tolO and more black pixe ls to announce va li d dot. The va lue is 

re laxed to consider the minimum bl ack pi xel a Bra ille dot may conta in and the red pixe l o f th e grids line 

that cross the dots. ff the black pixe ls meet the thresho ld , the (x, y) coord inate va lues of that po int is 

reg iste red in an array prepared for such purpose. Thi s continues for the who le mesh inte rsecti on po ints and 

the correspo nding (x, y) coordi nates is registe red if there is a dot on that coordinate. This step is impol1ant 

to c learly di splay the dot with sing le white pi xel on b lack backgro und as shown in the picture below. 

Fina lly, the a lgorithm convert the who le image in to black co lor and set the dot coordinates va lue with one 

pi xel of white co lor. To set the whi te pixe l that represents the presence of dot, (x, y) coordinate va lue is 

taken from prev io usly registered array. Sample resu lt of the segmentation a lgorithm is given in Figure 

4.25. 
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Figure 4.25 Segmented Braille image 

The segmentation module whi ch depends on the constructed grids mesh is robust and tolerates noise. Th is 

is because the a lgorithm does not require checking every pixel in the im age; instead only potential dots 

areas are checked for the threshold va lue; there by also reducing the computation time. Moreover black 

pixe ls which are fou nd outside the mesh coord inates are not checked. Th is provides the program to 

to lerate noise. The a lgorithm is found effective for different Brai ll e image with varieties of dot s ize. And 

performs wel l w ith clean image and tolerates some scattered noise. 

Once the segmentation has compl eted, the resulting image is used to fwther process dots by grouping in to 

Braille cell to draw patterns for Amharic Brail le code. 

4.6 Amharic Braille Feature Extraction and Recognition 

It is di scussed in the literatu re review sectio n 2.7 that a Bra ille character is made up of s ix dots arranged in 

two co lum n and three rows. Dot on the six poss ib le place ca n be turned on (ra ised) or flat to create Braille 

character. Depend ing 0 11 the type of print character used in Am har ic language, one cell (s ix dots), two 

cell s (12 dots) orland rarely three cell s ( 18 dots) may be used ill Braille writing system for the 

corresponding character in print. That is why the Braille documen ts bla med to be bulky and take much 

vo lume in hard copy vers ion. The fo llowing part describe which type of print character requires one, two 
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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. 
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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 
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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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