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Abstract 

Invented by Louis Braille in 1829, braille has been a widely used means of written 

communication for the blind people around the world. Since its introduction in Ethiopia, 

there have been piles of Amharic braille documents produced by the blind people for 

different purposes. Since these documents are usually read and understood only by the 

same group of people, the blind, who have written them, the invaluable knowledge and 

information found there is highly restricted from reaching the sighted society. Automatic 

recognition of braille documents is therefore very instrumental in bridging the 

communication gab that exists between the blind and the sighted people.  

This thesis presents an approach for recognition of Amharic braille documents. We have 

used direction field tensor, which uses Gaussian filters and derivatives of Gaussians, for 

noise removal and isolation of braille dots from their background. We also designed a 

new skewness correction technique, which exploits the horizontal direction nature of 

braille dots. Attempts are made to determine braille dot sizes automatically so that the 

system works for different braille dot sizes. Braille character lines are constructed in 

order for subsequent operations to be performed only on the character lines. A half 

character detection method, which differentiates braille dots from noises is applied. 

Having recognized the half characters through analysis of their dot positions, the braille 

cells are formulated by way of examining horizontal distances between the half 

characters. We have finally used a lookup table for translating each of the formulated 

braille cells into their corresponding Amharic print characters. 

Braille documents, especially those that were used by previous works for comparison, are 

collected for experiment purpose. Our system achieved an average accuracy of 98.5%. 

99.9% accuracy is achieved for good quality braille documents, while the accuracy for 

poor quality braille documents is 96.5%. The small errors observed in the experiment are 

attributed to some stains and defects present on braille documents. 
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Chapter 1 

Introduction 

1.1 Background 

According to the International Eye Foundation (IEF) report [6], there are 45 million blind 

people in the world and 90% of which is found in developing countries. The latest report 

[7] on the population of blind people in Ethiopia shows that there are about 1.2 million 

blind people in the country.  

Since its invention in 1829 by Louis Braille, braille has been a widely used means of 

written communication for the blind people around the world. A braille character is a 

rectangular array of six points arranged in two columns of three. Each point is either 

raised or flat resulting in 64 (26) possible braille character combinations. Each braille 

character corresponds to an ordinary character (in grade 1 braille) or a group of characters 

(in grade 2 Braille). In languages like Amharic, however, up to three braille characters 

are used to represent a single character, as the 64 available braille character combinations 

are not large enough to represent the 310 characters that exist in Amharic language.  

A standard braille page is 11 inches by 11.5 inches and typically has a maximum of 40 to 

43 braille cells per line and 25 lines [1], which is why large volumes of braille documents 

are required to represent their equivalent ordinary text documents.   

Despite its early invention in 1829, braille code was introduced in Ethiopia in 1934 and it 

has undergone different levels of improvements in 1954, 1956, and 1958 before it takes 

its current form [3]. Since its introduction in the country, there have been piles of 

Amharic braille documents produced by the blind people for different purposes. A 

significant number of braille documents are currently found in different libraries and 

educational institutions like, AAU Kennedy library braille documentation, Misrach 

Center, Sebeta visually impaired school, German Church visually impaired school, 

Ethiopian Association for Blind Society (EABS), Entoto blind people school and other 

centers that are found in different regions of the country [3]. Since these documents are 

usually read and understood by the same group of people, the blind, who have written 
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them, the invaluable knowledge and information found there is highly restricted from 

reaching the sighted society. Unless some form of organized means of knowledge 

transfer between the blind and the sighted people is created, the written communication 

gap that already exists between the blind and the sighted people will continue to widen. A 

research that focuses on bridging this gap is therefore believed to be indispensable.  

Different researches have been undertaken for automatic recognition of braille documents 

in different languages such as, English [5], Arabic [1], Chinese [4], and so on. These 

research works follow some general basic steps in the recognition process such as image 

acquisition, preprocessing, segmentation, and feature extraction and recognition. Image 

acquisition refers to converting the braille document into a digital format while 

preprocessing is the process of modifying and rectifying some errors to prepare the 

digital image for subsequent operations. On the other hand, segmentation separates the 

braille dots from their background, and feature extraction and recognition refer to the 

process of changing the braille dots into braille cells and their final interpretation into the 

corresponding ordinary language text respectively.  

As to the recognition of Amharic braille documents, two researches have been attempted 

by Alemu [3] and Chekol [2]. Alemu has adopted a global-threshold technique for image 

binarization and  applied mesh grid construction for the purpose of both segmentation 

and feature extraction. For recognition, Alemu used neural-network classification 

technique. Alemu achieved an accuracy of 92.5% on clean or well-formed braille 

documents. Chekol‟s work is basically a continuation of Alemu‟s work though he mainly 

focused on the pre-processing part namely, noise detection and removal. Chekol achieved 

an accuracy of 95.5%, 95.5%, 90%, and 65% for clean, small-level noise, medium-level 

noise, and high-level noise braille documents respectively.  

Though Alemu and Chekol are well appreciated for pioneering in the area of automatic 

Amharic braille recognition, their works are not without some problems.  The problems 

are mainly found in the three activities of the whole recognition process namely; noise 

detection and removal, mesh-grid construction, which is used for segmentation and 

feature extraction and the neural network, which is used for classification purpose. As to 

noise detection and removal, Chekol applied Gaussian filter with morphological 
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operations. As shown in his work, his technique seems to result in deletion of valid 

braille dots that appear in a noisy area. Alemu notes that the braille dots that are 

identified in the course of binarization process are not of identical size. This severely 

affects the mesh-grid construction as some of the dots may detour from the horizontal 

and/or vertical lines of the mesh-grid failing to be identified as part of a braille cell. On 

the other hand, the neural network that is applied for classification purpose by both 

Alemu and Chekol exhibited a substitution problem, which simply means interpreting a 

braille cell as one character when the braille cell actually refers to another. It is, 

moreover, worth mentioning that since all the dot combinations designated to each and 

every character is fixed and known, instead of a neural network classifier, the use of a 

simple braille dictionary [4] would have sufficed. 

The current study investigates different techniques to come up with a better solution for 

recognition of Amharic braille documents. To this end, direction field, which uses 

Gaussian filter and derivatives of Gaussians, is used as a tool for removal of noises and 

separating the braille dots from their background. Gaussian filter is frequently used as 

low-pass filter for noise suppression and Gaussian derivatives are used to detect and 

localize edges along with determining their orientation [24]. The direction field image is 

further analyzed and turned into a logical image using thresholding. A skewness 

correction is performed, in case of image tilting, followed by braille character line 

identification. The horizontal and vertical distances between dots within a character and 

between braille characters is specified by the Library of Congress [1] and are well 

known. Therefore, having automatically identified the braille dot height, horizontal 

analysis is employed for construction of the braille cells. This is believed to solve the 

problem observed in the previous works concerning valid braille dots exclusion from the 

braille character region. The constructed braille cells are then grouped in accordance with 

their representation of the Amharic characters and are recognized using a braille lookup 

table, which helps avoid the misinterpretation problem that Alemu and Chekol faced 

while using neural network classifier.  
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1.2 Objectives 
The general and specific objectives of this study are presented as follows. 

1.2.1 General Objective 

The general objective of this research is to design an Amharic Braille Recognition 

System.  

1.2.2 Specific Objectives 

In order to achieve the general objective, the following specific objectives are addressed. 

 Review of previous researches on automatic braille recognition. 

 Collection of relevant Amharic braille documents. 

 Analysis of the nature and characteristics of Amharic braille code. 

 Designing an algorithm for the Amharic braille recognition system. 

 Developing a prototype for the Amharic braille recognition system. 

 Testing and evaluating the performance of the system using Amharic braille 

documents. 

 Making conclusion and indicating the way forward for future works. 

1.3 Methods 
The strategy adopted for the research is described as follows. 

1.3.1 Literature Review  

Extensive literature review is conducted on automatic braille recognition in order to 

obtain an in-depth understanding of the area and to find useful approaches for the 

Amharic language braille recognition. 

1.3.2 Data Collection 

Braille documents and information on Amharic braille code are collected from different 

libraries and institutions. 
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1.3.3 Experimental Evaluation 

For the purpose of evaluating the system in a fair and logical manner, different Amharic 

braille documents of different quality level and different contents (alphabets, numbers, 

and punctuation marks) are given to the developed prototype. Accordingly, the system is 

evaluated by comparing its output against the actual content of the braille documents on 

character by character basis.  

1.4 Application of results 
The outcome of the study is believed to be instrumental in bridging the written 

communication gap that exists between the sighted and the visually impaired people in 

education, business and other areas. Moreover, different libraries where such documents 

reside and non-governmental organizations that closely work with the blind people will 

be highly beneficial. Most importantly, it will be useful in terms of enabling the society 

to benefit from the knowledge and experience of the visually impaired society in a well-

organized and dynamic way.  
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Chapter 2 

Literature Review 
In this chapter, different points that are related to the current work are discussed. A brief 

introduction of the Amharic language and Ethiopic characters is made in section 2.1.1. 

An introduction of braille in general and Amharic braille in particular is provided in 

sections 2.1.2 and 2.1.3 respectively. In light of the major steps in automatic braille 

recognition, different related researches are discussed under section 2.2. Section 2.3 looks 

into the two researches done on automatic recognition of Amharic braille and provides 

the ground for the current work.  

2.1 Amharic Braille System 
 

This section briefly discusses the characters used in Amharic language followed by an 

introduction about braille writing and reading with special focus on Amharic language.  

2.1.1 Amharic Characters 

Used as an official language of Ethiopia since the 14th century, Amharic language is the 

second most widely spoken Semitic language in the world next to Arabic [8]. Amharic is 

mainly spoken in Ethiopia and Eritrea. The Ethiopic script, which is used in Amharic 

language for writing is composed of 33 „core‟ and 1 „special‟ characters each of which 

has 7 variants forming a total of 238 characters (See Figure 2.1). In addition to the 238 

characters, there are over forty characters used in Amharic language for representing 

labialization, punctuations, and numbers.  
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Figure 2. 1. List of Amharic core characters and their seven variants 

2.1.2 Braille 

Braille was invented in 1829 by a French man named Louis Braille. It is a system of 

writing that enables the visually-impaired people to read and write by way of touching. 

Braille consists of a system of six combination of dots that are arranged in a two by three 

form, which is called a braille cell (see Figure 2.2).  Each of the six dot position can be 

either raised or flat resulting in 64 possible combinations. The horizontal and vertical 

distance between dots in a braille cell, the distance between cells representing a word and 

the inter-line distance are specified by the Library of Congress [1]. Height of a braille dot 

is approximately 0.02 inches (0.5 mm); the horizontal and vertical spacing between dot 

centers within a braille cell is approximately 0.1 inches (2.5 mm); the blank space 

between dots on adjacent cells is approximately 0.15 inches (3.75 mm) horizontally and 

0.2 inches (5.0 mm) vertically [1]. Due to the fact that a typical braille page is 11 by 11.5 

inches and can only have a maximum of 40 to 43 braille cells per line and 25 lines per 

page, the information density of braille is low [1, 9]. This is why it takes volumes of 

braille documents to represent their print text counterparts. The use of two-sided braille 
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document is one of the attempts aimed at circumventing this inherent huge size problem 

of braille documents.  

 

Figure 2. 2. A braille cell 

Braille writing and reading 

Ever since its invention, braille has been the main system of written communication for 

the majority of blind people who read and write using tactile means. There are a number 

of means of braille writing that result in a tactile output [10]. The devices that are used 

for braille writing range from the most low-tech method of writing by means of stylus 

and slate to the most advanced one that uses a braille printer as peripheral to a computer. 

A typewriter like device called brailler and braille embosser are also other devices used 

for producing braille documents.  

As in print documents, braille character embossing starts from the top of a document and 

works its way down to the bottom. All dots on a braille page should fall on an orthogonal 

grid. This is especially very important when braille characters are printed double sided 

(Inter-point) as the grid of the inter-point text is shifted so that the dots fall in between the 

primary side dots [2]. The type of paper used for braille is usually thick and often has 

white or buff color though the color does not convey any information as braille is read by 

means of touching 

Braille is read by moving one‟s hand on the embossed dots of the braille document. Due 

to this nature of the way a braille document is read, braille reading is by far slower than 

that of print text reading. According to American Council of the Blind, people who are 

fluent in braille can typically read at a rate of 125 to 200 words per minute. On average, 
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eighth graders read at a rate of 205 words per minute, and college students read at 280 

words per minute according to University of Buffalo [11].  

Text Representation in Braille 

Text to braille cell translation is hardly one to one due to the limited number of 

representations (64) that we get out of the six positions of a braille cell. Different 

languages have character sets that are well beyond 64. In order to systematically 

represent the characters that a language has into a braille cell, two forms of braille 

representations have been employed; Grade 1 braille and Grade 2 braille (contracted 

Braille).  

Grade 1 braille is a form of braille in which print characters are represented by one braille 

cell using a mode indicator character, which determines how the character is to be read. 

For instance, in the English braille the lower case letters A-Z and the major punctuation 

symbols are represented by a single braille character, where as “shift” character is used to 

indicate other information such as upper case, digits, and italics [12].  The other type of 

braille called Grade 2 braille or contracted braille is introduced as a result of the rigorous 

attempt to minimize the volume of braille documents and speed up the time with which 

braille is read among others. In this form of braille, context sensitive rules, which are 

apparently language dependent, are used for the contraction of words and frequently used 

letter groups. These rules determine the correspondence between one or more braille cells 

and the print, so, for example, in standard English braille, a braille symbol may stand for: 

“dis” when used at the start of a word (distance); “dd” when used in the middle of a word 

(ladder); or a period when used at the end of a word [12].  

2.1.3 Amharic Braille 

Amharic braille is embossed in a tactile form in the same way other language braille 

documents are embossed. As already stated previously, the number of dot positions used 

in a braille cell is six (though there is also an eight dot braille that is not as popular as the 

six dot one). This limits the possible number of characters that can be represented by a 

braille cell on a one-to-one basis to 64 (26). This is, in fact, the reason why different types 

of indicator braille cells are used in grade 1 braille to interpret a braille cell as one or 
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another. In the case of Amharic language, the problem gets even worse as the language 

has over 300 characters and therefore is very difficult to represent the characters using 

only mode indicator braille cells. As a result, a different form of representation is used 

whereby a single Amharic print character may be represented by one, very often by two 

or at some rare cases by three braille cells.  

Evolution of Amharic braille 

Braille was introduced to Ethiopia in 1934. The first Amharic braille was comprehensive 

that contains all Amharic characters from “ሀ” to “ፐ” including characters that even have 

similar sounds (such as, the three “ሀ” sound characters- ሀ , ሐ, and ኀ; the two “ሰ” sound 

characters- ሰ  and ሠ ; the two “ጸ” sound characters- ፀ  and ጸ ; and the two “አ” sound 

characters-አ  and ዐ ), punctuation marks, Amharic numerals, and musical symbols taken 

from other languages, and also mathematical symbols [2].  

The first Amharic braille was revised in 1945 E.C. The revision mainly focused on 

eliminating the redundant Amharic characters with similar sounds and replacing the 

Ethiopian numerals with English numerals [13]. In this version of the Amharic braille, all 

forms of a character except the first and the sixth forms were represented using vowels. 

Just four years later in 1949, another revision on the Amharic braille was undertaken to 

form what is known to be the third version Amharic braille. In this version, a vowel was 

added to the first variant of the Amharic character [13]. This version lasted comparatively 

longer than the first two versions. However, it was finally revised in 1995 E.C. to give 

way to the fourth version Amharic braille. In terms of usage, the third version is still the 

one that is being widely used by the blind community in the country despite the 

introduction of a newer version.  

Creating equal number of braille codes that match with print characters, finding means of 

substituting similar sound characters, preparing grade to Amharic braille, incorporating 

Geez numbers, use of Yared musical symbols and punctuation marks were the major 

issues that were considered for discussion by the committee that was formed for the 

fourth version Amharic braille [13]. As a consequence, the number of braille codes was 

decided to be equal to the print characters. Modification of the punctuation marks mostly 
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by borrowing them from the English language was deemed necessary. Formation of 

grade 2 braille was deferred at least until the grade 1 braille gets legal recognition. The 

case of Yared musical symbols was decided to be discussed with professionals. It was 

also decided to use either of the American or the British system for mathematical 

symbols [13]. Finally, the fourth version Amharic braille was approved and distributed 

for use by different institutions that work with visually impaired people.  

Amharic braille characters 

To find a way out of the limited number of representations in braille system, indicator 

braille cells, for instance in Grade 1 braille, are used. As to Amharic language, however, 

this was not enough since the language has over 300 characters. This has necessitated the 

use of more than one braille cells to represent a single Amharic print character (see Table 

2.1). 

Table 2. 1. Fourth Version Amharic Braille Characters 

 

See figure 2.3 to see how two braille cells are combined to represent one Amharic 

character.  
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Figure 2. 3 Braille code for print character ረ 

Table 2.1 has shown the first variant of the Amharic characters representation in braille. 

Table 2.2 below shows the braille cells that are used as vowels to form the seven variants. 

Table 2. 2. Fourth Version Amharic Braille Vowels 

Vowel 2:6 1:3:6 2:4 1 1:5 Not Applicable 1:3:5 

Character Variant 1st  2nd 3rd 4th 5th 6th 7th 
As already stated, punctuation marks are among the representations included in the fourth 

version Amharic braille (see Table 2.3). 

Table 2. 3. Fourth Version Amharic Braille code for punctuation Marks 

Punctuation Braille Code Punctuation 

 

 

Braille Code 
. 3 :: 2:5:6 

: 6 and 3 ! 2:3:5 

:- 2:5 ... 3, 3 and 3 

/ 5 and 2 () 2:3:5:6 

„ 4 and 1 [ 6 and 2:3:5:6 

- 3:6 ] 2:3:5:6 and 3 

፣  2 * 3:5 and 3:5 

፤  2:3 _ 4:6 and 4:6 

“ 2:3:6  2:4:6, 2:5 and 2:5 

' 3:5:6 and 3  2:5, 2:5 and 1:3:5 

? 2:3:6 ↑ 4:5:6 and 1:5 

=//= 6 and 3 ↓ 4:5:6 and 3:5 

X 1:3:4:6 እና  ወይም 3:4 

$ 4:5 
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In the fourth version Amharic braille, both Arabic and Ethiopic numerals are included in 

the representation. The braille cells 3:4:5:6 and 1:2:3:4:5:6 are used as mode indicators 

for Arabic and Ethiopic numerals respectively. Apart from the mode indicator cells, 

Arabic and Ethiopic numerals use the same braille codes (see Table 2.4). 

Table 2. 4. Braille code for Ethiopic and Arabic numerals 

 

2.2 Automatic Braille Recognition 
Any automatic braille recognition system basically consists of some major activities [1] 

such as; image acquisition, image preprocessing, dot localization and segmentation, and 

dot recognition and conversion. This section of the document discusses the whole 

recognition process in light of aforementioned activities. 

2.2.1 Image Acquisition and Preprocessing 

Image acquisition is the first step in the braille recognition process. Equipments like 

digital camera and flat bed scanner are means of acquiring a braille document in a digital 

form. Different researches [4, 14, 15, 16], predominantly older ones, attempted to 

recognize braille by capturing the image using camera. In order to capture braille using 

camera, the braille document is illuminated under an oblique angle so that it reveals 

shadows from the braille dots. The use of camera, however, introduces some 

complexities such as, aberrations, irregular lightness, and relatively low resolution among 

others [17]. Additional computationally expensive procedures have to be employed to 

overcome these problems [18]. Consequently, newer researches [1, 17, 18] on braille 

recognition opted for a commercially available flat bed scanner to obtain braille images 

digitally. In addition to being quick and easy to use, a scanner is cost effective as it can be 

used for so many other applications. The researches that used scanner for image 

acquisition used different scanner resolutions. However, a very high (most of the time 

above 200dpi) resolution is not recommended as it may add too much detail into the 
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image [9], which may tarnish the image and thus will have adverse effects on subsequent 

procedures.   

Pre-processing is another important activity in the braille recognition process. It generally 

refers to the process by which error corrections that are crucial for the smooth functioning 

of subsequent procedures are undertaken. The errors that require correction in a braille 

image include, noise, bad illumination, image tilting and the like. Application of different 

image preprocessing techniques will help enhance the quality of the braille image for 

recognition by reducing noises, sharpening braille dots, and also appropriately rotating 

tilted images [1].  

Subtraction of local average from the original image is the method employed by [9] to 

eliminate shadows that are introduced by the simple fact that braille pages are not 

perfectly flat. Ng and Lau [4] applied low-pass spatial Gaussian filter to attenuate the 

high-spatial frequency noise from the image while at the same time preserving the 

detailed edge information of the braille dots. They also applied edge enhancement 

technique to sharpen the fine details of the image. Several other researches [1, 17, 19, 20] 

applied thresholding to classify the braille image into background and dot (which is 

usually composed of white and dark regions) regions. However, naturally occurring 

reflections and shadows that are not part of the actual braille dots may not be easily 

eliminated by thresholding. These reflections and shadows, especially when they are 

located around braille cells, would lead to identification of non-braille dots as valid dots 

[18] 

Correction of image tilting does not seem to get due attention by some researches on 

braille despite the fact that braille pages may not be correctly aligned during image 

capturing. Nevertheless, several researches dealt with correction of image tilting. 

Mennens et al. [9], for instance, used Discrete Fourier Transform (DFT) with further 

refinements to calculate the rotation angle in an attempt to de-skew tilted braille pages. A 

Hough transform is performed on the braille dots by Antonacopoulos and Bridson [17] to 

identify the precise orientation of the rows and rotate them accordingly. Tai et al. [21], 

however, argue that the Radon Transforms, which are able to transform two-dimensional 

images with lines into a domain of possible line parameters, performs better than Hough 
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transform. AlSalman et al. [1] on the other hand used a binary search algorithm, which 

tolerates a tilting of up to 4 degrees both on the left and right directions.    

2.2.2 Dot Detection and Braille Cell Formation 

Braille dot detection is an important element of braille recognition. Several researches [1, 

4] attempted to exploit the specific color features of braille dots in a braille image. Braille 

dots tend to have a pair of dark and light regions, which are somewhat distinct from the 

background in a braille image. In a double-sided braille document, the order of dark and 

light regions differs for recto and verso dots, which represent depression and protrusion 

respectively (Figure 2.4). 

 

Figure 2. 4. Double-sided gray color braille image 

 Ng and Lau [4] used a template of the protrusions and depressions to separate dots (both 

front-faced and back-faced) from the background. However, this seems to have a problem 

in situations where the dark and light areas of a protrusion and a depression lie in an 

arrangement that gives rise to the detection of a non-existent depression or protrusion. 

Care should also be taken not to discard any black and white regions that have been used 

to describe a protrusion but that can also be used to describe a depression due to the white 

regions and the black regions of protrusions and depressions being merged [17]. 

Similarly, AlSalman et al. [1] applied a vertical search from top to bottom of a possible 

dot region to check the existence of a pair of dark and light regions, which if found in the 

correct order, will qualify as a valid braille dot. 

Wong et al. [5] followed a different approach that identifies columns (half-characters), 

which may be consisting of one, two, or three dots, instead of dealing with individual 

dots. The half-characters are processed and classified as one of the seven possible 

arrangements that can be obtained out of three possible dot positions (ignoring the 
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“empty half character”) using probabilistic neural network. However, instead of applying 

a model like neural network, which makes predictions, a simple analysis of the dot 

positions would give a better result [1]. This is mainly because the meaning of one braille 

character can easily be converted to another valid braille character by the simple presence 

or absence of dots in a braille dot position. 

Mennens et al. [9] employed a method that constructs a horizontal and vertical grid lines 

the intersection of which is expected to be a possible braille dot position. The braille cells 

then will be segmented out of the constructed grid. This technique however does not 

tolerate a slight difference that may exist between positions of braille characters in 

different lines.  Antonacopoulos and Bridson [17] used the same technique of grid 

construction in a different way in that the grid is designed in a relatively flexible manner 

that does not require the braille characters in different lines to be aligned.    

Having identified all braille cell lines, Ritchings et al. [18] segmented the braille cells in 

each line based on the analysis of the horizontal spacing between columns with dots. 

They stress that care should be taken when two single columned characters are 

encountered as ambiguity may arise if they both have dots in the left column or in the 

right column.  

Grouping of braille dots into braille cells was done by Wong et al. [5] through analysis of 

the distance between the centriod of a dot and the four possible neighbours.    

2.2.3 Recognition 

Recognition refers to the step in which the braille cells are analyzed and translated into 

any other code, specifically print character. Most of the researches tend to use a braille 

dictionary or something similar to do the translation into text after they examine the dot 

positions of the braille cells. For instance, the intersection of the two lines (that represents 

a dot position) of a braille cell that is constructed from a grid of horizontal and vertical 

lines is checked for the existence of a dot. A binary cell string is then formulated in which 

1 is set in a position where dot exists and 0 is set otherwise. The binary cell string is 

finally translated into a specific code using an appropriate translation table [28]. In a 

similar manner, Ng and Lau [4] checked the dot patterns of a braille cell against a braille 
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dictionary to translate into the appropriate character, which is grouped into words. The 

word is then checked against an English Dictionary. If the word cannot be found, the 

word with the highest percentage of similarity will be selected and be highlighted for 

later edition.  

After the position of each braille character is known, Ritchings et al. [18] divided the 

rectangular area in the image that corresponds to a segmented character into six equal 

compartments. The compartments are arranged in three rows and two columns and 

represent the bounds of the expected positions of dots in a braille character. If there is a 

dot in any of the compartments, a bit is set in a binary number at the position that 

corresponds to the number of the compartment. The binary number is then translated into 

a character.  

In grade 2 braille, a one to one correspondence between braille cells and print characters 

is not possible as in grade 1. Therefore, the translation that is used for a grade 2 braille 

should be designed in a different form. Blenkhorn [12] uses the finite state system to hold 

the current context. This is important because different braille characters, in grade 2 

braille, will have different meanings depending on the context. The system has also been 

designed in such a way that a wide range of options and data can be entered using a set of 

tables, including braille rules, which are presented in a clear manner.  

2.3 Review of Amharic Braille Recognition Works 
Even though several researches have been undertaken on automatic braille recognition 

for different languages like English, Arabic, and Chinese to mention but a few, as per our 

knowledge, only two works have been attempted so far on Amharic braille recognition by 

Alemu [3] and Chekol [2] at Addis Ababa University. Chekol‟s work is a simple 

continuation of Alemu‟s work, whose work is the first attempt ever on Amharic braille 

recognition. 

Alemu used a flat bed scanner with 200dpi to capture braille images. He applied global-

thresholding to separate the foreground (braille dots) of the braille document from the 

background. The average center point of dots both on the horizontal and vertical lines of 

the image is calculated to construct a mesh grid, which is used to detect braille dots. The 

same mesh grid is again used for feature extraction in which formulation of braille cells 
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and determination of context of a braille cell is undertaken. As a result of the context 

analysis, braille cells that represent one Amharic print character individually and those 

that together with other braille cells represent a single Amharic print character are 

identified.  

Having identified the braille characters that correspond to Amharic print characters, 

Alemu used a probabilistic neural network to translate the braille characters into Amharic 

print characters. Alemu managed to achieve an accuracy of 92.5% on clean braille 

images.  

Chekol mainly focused on the preprocessing part of automatic braille recognition and 

adopted Alemu‟s work for segmentation, feature extraction and recognition. Chekol 

accordingly adopted Gaussian filters and morphological operations in an attempt to 

remove noises from the braille image. Chekol achieved an accuracy of 95.5%, 95.5%, 

90%, and 65% for clean, small-level noise, medium-level noise, and high-level noise 

braille documents respectively. 

Alemu assumed braille documents to have uniform color intensity and accordingly 

adopted global-thresholding for binarization. However, researches suggest that let alone 

used and worn out braille documents, even well formed braille documents tend to have 

some kind of shadows due to bad illumination during image capturing. Chekol attempted 

to deal with such problems in the preprocessing step of his work though his preprocessing 

result still has problems especially with degraded braille documents. One of the important 

steps in image preprocessing is correction of skewed images, which none of the two 

works dealt with. A slight tilting of braille documents during image capturing will have a 

devastating impact on the result of the two works.  

Chekol stated that the grid construction, which is used both for segmentation and feature 

extraction, is not flexible enough to tolerate different braille dot sizes. He also suggested 

that the neural network, which we argue was not necessary in the first place, has 

substitution errors in recognizing print characters. During feature extraction, In addition 

to formulating the braille cells, Alemu states, context analysis is performed to identify 

whether or not the formulated braille cell represents a single character in its own right or 

is part of the braille cells that together represent a single print character. This clearly 
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indicates that the braille cells are already recognized as to what they represent and a 

simple table (braille dictionary) lookup, as has been done in several researches, will 

suffice to translate them into their corresponding print character. However, both works 

adopted probabilistic neural network for recognition purpose, which as indicated, resulted 

in introducing more errors into the recognition process.  

Moreover, the works are not complete with regards to the number of symbols they 

included for recognition. For example, some punctuation marks, special Amharic 

characters and Amharic numerals are excluded. 

To sum up, though the two works are eye-openers in Amharic braille recognition 

research, they seem to lack some important elements in braille recognition and also 

adopted some techniques that are not suitable for the problem at hand. The current study, 

accordingly, proposes a system that would curb the aforementioned problems of the 

works of Alemu and Chekol. To this end, a direction field tensor, which uses Gaussian 

and derivatives of Gaussian, is used to isolate braille dots by suppressing non-dot regions 

of the braille document. Analysis on the slope of the braille dot lines is done and the 

braille document accordingly is rotated to avoid image tilting. Braille cell formulation is 

done in row wise manner in order to avoid problems that will result from non-aligned 

braille characters in different lines, which global mesh-grid construction suffers from. 

Moreover, recognition of braille characters is done by way of braille dictionary lookup. 

In the current work, all characters of the Amharic language are included. 
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Chapter 3 

Braille Recognition 
This chapter presents a detailed analysis of the proposed system. In section 3.1, a 

discussion is made regarding the preprocessing techniques used in the study namely the 

direction field tensor and skewness correction. Direction field tensor, which is adopted 

from Bigun et al. [25], is used as a tool for noise filtering and separation of braille dots 

from their background while skewness correction is used for avoiding image tilting. 

Section 3.2 discusses the different type of braille related values and how they are 

estimated in this study. Section 3.3 and 3.4 talk about half character detection and half 

character recognition respectively. Braille cell formulation is the subject discussed under 

section 3.5. Finally, in section 3.6, the mechanism that we have used for braille to print 

text translation is explained.  

3.1 Preprocessing 
Preprocessing is an important step in image processing where activities such as contrast 

enhancement, noise reduction or filtering are performed [29]. The preprocessing 

techniques used in our study are discussed below.  

3.1.1 Gaussian  Filters and Derivatives of Gaussian 

During braille image acquisition, impulse noise is sometimes introduced into the image 

[4]. A low pass spatial Gaussian filter can be used to attenuate the high spatial frequency 

noise from the image while at the same time preserving the detailed edge information of 

the braille dots [23].  

Being one of the most commonly used filters for image processing, Gaussian filters and 

derivatives of Gaussians are used as a low-pass and high-pass filters respectively for 

noise suppression and to detect and localize edges along with determining their 

orientation respectively [24]. The popularity of Gaussians as filters is due to their 

valuable properties including: 1) directional isotropy, i.e., in polar coordinates they 

depend on radius only, 2) separability in x and y coordinates, and 3) simultaneous 

concentration in the spatial and the frequency domain [25].  

 



21 
 

 

A 2D Gaussian Kernel is defined as: 
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where  stands for standard deviation. For efficiency purpose, the 2D Gaussian is 

computed as convolution of two 1D Gaussians, )(xg and )(yg , as defined below: 
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3.1.2 Gradient Field 

Gradient field has been used as a traditional tool over many years in different image 

analysis problems [26]. Gradient is basically the change in gray level with direction, 

which can be calculated by taking the difference in value of neighboring pixels, 

producing a vector for each pixel. While magnitude of the vector of each pixel refers to 

the amount of changes in intensity, angle of the vector indicates the direction of intensity 

changes of pixels expressed in the range of [0-360] degrees. The gradient field  f for a 

local neighborhood f(x, y) is computed by using Gaussian derivative operators Dx and Dy 

[26].  

                  dxdyfiDDf yx ))((                                                          (3.4) 

The integrals are implemented as convolutions with a Gaussian kernel. The complex 

partial derivative operator yx iDD  is defined as: 
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Unlike direction field, which is discussed in the next section, gradient field simply 

computes the differences in the intensity of pixels with no due attention to linear 

structures. This has problems in suppression of noises in a noisy image.  

3.1.3 Direction Field 

A local neighborhood with ideal local direction is characterized by the fact that the gray 

value remains constant in one direction (along the direction of lines), and only changes in 

the orthogonal direction [27]. Since the directional features are observed along lines, the 

local direction is also called Linear Symmetry (LS) [26]. The linear symmetry (LS) 

property of an image can be estimated by analyzing the direction field tensor [25]. The 

direction tensor is a tensor with real valued triplet that represents the local direction of 

pixels. For a local neighborhood ),( yxf  of an image f , the direction tensor, also called 

the structure tensor S , is computed as a 22 symmetric matrix using Gaussian derivative 

operators Dx  and Dy [26].  
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Edges are one of the places in an image where linear symmetry exists. This is because 

there is a gray level change in such areas. An evidence for the existence of linear 

symmetry in such areas can be estimated by eigenvalue analysis of the direction tensor or 

equivalently by using complex moments of order [26], two of which are defined as 

follows:  
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where m and n are non-negative integers. The orders of interest to us are 11I   and 20I , 

which are derived as follows: 
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The complex number 20I  has the local direction of pixels in double angle representation 

(the direction of major eigenvector) as its argument. The magnitude of 20I  is a measure 

of the local linear symmetry strength (the difference of eigenvalues). On the other hand, 

the scalar 11I  measures the amount of gray value changes in a local neighborhood of 

pixels (the sum of eigenvalues) [26].  

In this study, direction field tensor is chosen (over gradient field) as a tool for removal of 

noises from the braille image and separation of the braille dots from their background for 

the following two major reasons: 

 The complex number 20I , unlike gradient field, is able to amplify linear structures 

and suppresses non-linear structures such as noises that are frequently 

encountered in digitized braille images (see Figure 3.1).  

 The magnitude of gradient fields depends on variations of the intensity of features 

against the background. Where as, in direction field tensor, such variations can be 

normalized by using the magnitude of
11

20

I
I

. 

 

(a) 

 

(b) 

 

(c) 

Figure 3. 1. Comparison of direction field and gradient field images. (a) the original 

image (b) the gradient field image (c) the direction field image 
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3.1.4 Skewness Correction 

One of the important image preprocessing activities in braille recognition is skewness 

correction. Skewness correction is very important in cases where there is image tilting 

that may happen as a result of pages getting askew while the braille is being written [9] 

and incorrect positioning of braille documents during image capturing. Therefore, 

correction of tilted braille images before proceeding to other steps is crucial. Several 

researches adopted different techniques for skewness correction. In this study, the 

horizontal direction nature of dots in a braille document is exploited for skewness 

correction.  

Braille dots, regardless of whether or not the document is skewed, form a line in one 

direction. Having identified the center of a dot in a line, moving forward within a specific 

range of the dot‟s center, the next dot and hence its center will be identified. This process 

continues up to the end of the line and the same process will be repeated for subsequent 

lines.  Using the identified braille dot centers of each line, the slope of the horizontal line 

is determined. The angle , as shown in Equation (3.10), can be estimated from the slope.  

)(tan 1 Slope                                                    (3.10) 

Once the angle   is obtained, skewness correction can be performed by rotating the 

original image by - . This technique effectively corrects braille image tilting of up to 5 

degrees from both directions.  

3.2 Analysis of Important Braille Cell Values  
One of the challenges in braille recognition is identification of important features like the 

size of the braille dot. Even though, the dot height and width, horizontal distance, vertical 

distance and other important features of a braille document are already specified for real 

braille documents, the digitized braille image may have different values for such kind of 

features depending on, for instance, the resolution of the scanner that is used during 

image capturing [22]. Chekol [2] states that attempts to recognize a braille document with 

a fixed dot size in mind is bound to result in some problems when a braille document 

with a different dot size is encountered. Thus, a system of automatic dot size detection 
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and appropriate estimation of the other values like the horizontal and vertical spaces 

between dots has a paramount importance for the recognition process.  

We propose an algorithm that detects height of the braille dot and deduce other elements 

like inter-cell and intra-cell spacing from this value. The algorithm starts by searching for 

the top and bottom value of the left most dot of the first braille line. This gives us the 

height of the first dot. This dot alone, however, cannot be considered as a representative 

dot. The same task is, therefore, done for other braille dots in the braille document. 

Finally, the average dot height is calculated from all the dot heights identified. The 

average dot height is then used for estimation of important values that are used at later 

stages of the recognition process. The estimated values include; dot width, height of two 

dots (which is not a simple sum of two dot heights as there is a space between the two), 

height of three dots (or height of a braille character), inter-cell space, and intra-cell space. 

In the process of determining braille dot height, it is important to deal with only one or 

two dots per line, especially in cases where there is image tilting. Though skewness 

correction is already dealt with in this study before identification of dot height, the 

algorithm proposed for dot height identification works well even in cases where there is a 

slight image titling. This is because the calculation of height of one or two dots (that are 

part of the same braille cell) in slightly tilted images will not have a significant deviation 

from the actual height. However, even better would be dealing with only one dot at a time 

to calculate the dot height. This option is not considered because separation of possible 

merging of adjacent dots that usually exists in braille images is not yet performed at this 

stage. Hence, the algorithm is designed to calculate the height of one or two consecutive 

dots at a time.  Separation of merged adjacent dots is deferred since the process requires 

the value of a dot width, which is derived from the dot height. 

3.3  Braille Character Line Identification 
Characters in a braille document are ordered in the same arrangement as in print 

document. Therefore, there is apparently enough space between characters of different 

lines that enables us to distinguish one from the other (See Figure 3.2). Construction of 

the braille character lines is an important step forward in the process of identifying and 
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recognizing braille characters. The space difference just mentioned can be utilized to 

construct the braille character lines.  

 

Figure 3. 2. Braille character line space 

Braille character line points are identified by a simple horizontal scan across the braille 

document. The first braille dot‟s top point that would be obtained as a result of this 

process is taken as the top point of the character line. A successive analysis of subsequent 

lines of the braille image continues in order to identify bottom point of the character line. 

Bottom point is identified when the space distance between bottom of the immediate 

previous dot and top of the current dot becomes more than a specified value. The other 

way of identifying bottom of a character line is through analysis of the distance between 

top of the character line and bottom of the current braille dot. If the distance is 

approximately the same as the height of a braille character, which is estimated from dot 

height as discussed under section 3.3, the bottom of the current braille dot will be taken 

as the bottom point of the character line. Similar procedure is followed to identify top and 

bottom points of all the other character lines in the braille image until end of the braille 

image is reached. Each row‟s top and bottom points are then marked in order for them to 

be used by subsequent activities.  

Determining character lines of the braille document before other steps like half-character 

detection will allow the other steps to be performed only within the braille character 

lines, instead of the entire document. This will have a positive effect on the performance 

of the system as only part of the image is processed.  

3.4 Half-character Detection 
Out of the 64 combinations that we obtain from six positions of a braille character, 

sixteen of them do not have any dot in one of the columns (half characters). In this step, 

all the half characters that do have at least one dot are detected.  
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The half character detection algorithm works correctly if merged adjacent dots are 

separated. For this reason, before the half character detection process begins, the merged 

dots are separated. Merged dots‟ separation process requires the knowledge of the actual 

braille dot width, which is derived from the braille dot height that we have already 

identified as discussed under section 3.2. Accordingly, those possible dots that have a 

width of more than one and half of the dot width value will be separated into two dots 

(See figure 3.3).         

 

(a) 

 

(b) 

Figure 3. 3. Separation of merged dots 

As can be seen from Figure 3.3, the braille cell labeled (a) has its two dots at the bottom 

merged. Label (b) shows what the same braille cell looks like after the merged dots are 

separated.  

Each braille character line is traversed and a check on the existence of a possible 

candidate half character is performed. The width of a dot is considered as a criterion to 

determine the validity of the candidate half character. If the candidate half character has a 

width that is greater than at least half of a braille dot width, it will be considered as a 

valid half character and will be marked accordingly. Otherwise, the candidate half 

character will be disregarded. This is very important to do away with some noises and 

artifacts that are detrimental to the recognition process.   

 

Figure 3. 4. Exclusion of noises from half character detection 

As can be seen from Figure 3.4, the first candidate half character, which is a noise, is 

disregarded as its width does not fall in the range that is expected of valid half characters. 
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Whereas, the last five candidate half characters are considered as valid half characters 

because they satisfy the criteria. 

3.5  Half-character Recognition 
Half character detection is followed by half character recognition where each of the 

identified columns is analyzed to determine to which of the seven possible categories it 

belongs. The seven categories, as can be seen from Table 3.1, refer to the possible 

combinations that we get from the three positions of a half character (excluding of course 

the empty half character, which is yet to be discussed under section 3.6). 

Analysis of the height of dot(s) in a column is the approach followed to determine the 

value of a specific half character. Initially, top point of the top dot in the column is 

determined and marked as top point of the column. The bottom point of the bottom dot in 

the column is determined and marked as bottom point of the column. Subtraction of top 

point of the column from the bottom point gives us the height of the column. According 

to this analysis, half characters whose values are 7 or 5; 3 or 6; 1, 2 or 4 will have the 

same value. Therefore, further analysis on the half characters is necessary in order to 

classify them accordingly. 

Table 3. 1. Half characters and their corresponding value 

Half character Value 

 

 

 

 
 

1 

 
2 

 
3 

 
4 

 
5 

 
6 

 

 

7 
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Half characters whose values are 7 or 5 will have the same height. This is because both 

types of half characters do have a dot at both the top and bottom positions of the column. 

The only thing that differentiates them is the dot that resides at the middle position. A 

half character whose value is 5 does not have a dot in the middle position of the column 

where as a half character whose value is 7 does (see Table 3.1). Therefore, having 

identified that the value of a column‟s height belongs to a half character with the value of 

either 5 or 7, we need only to check the existence of a dot in the middle position of the 

half character. If a dot is found, the half character is recognized as 7, otherwise it is 

recognized as 5.  

6 and 3 are the values of the group of half characters that do have the same height. As can 

be seen in Table 3.1, the half characters with values 3 and 6 have only two consecutive 

dots in the column, which is why these two types of half characters have the same height. 

The feature that differentiates these two half characters is the positions at which the two 

dots are located in the column. The two dots of the half character with the value 3 are 

located at the second and third positions from top. The dots of the half character with the 

value 6, on the other hand, are located at the first and second positions of the column 

from top. This feature is used to recognize a half character with two consecutive dots as 

either 3 or 6. 

The last group of half characters that have the same height are those with values 1, 2 and 

4. The common feature of these half characters is that all have only one dot though at 

different positions of the column (see Table 3.1). The dots of the half characters with the 

value 4 and 1 are located at the top and bottom of the column respectively. Where as, the 

dot of the half character with the value 2 is located at the middle position of the column. 

This knowledge is used to recognize a half character that has only one dot as 1, 2 or 4. 

3.6 Braille Cell Formulation 
Half character detection and recognition deal with just half of the braille character. In 

order to have a complete picture of the braille document, the braille cells that are made of 

two half characters should be formulated.  

Formulation of a braille cell is not as straight as simply combining the identified and 

recognized half characters. It is rather a lot more challenging due to the fact that some 
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braille cells have dots in only one of the two columns, which requires us to do some 

analysis to decide whether the other half (the column with no dots) is located to the right 

or to the left of the already identified half. 

The inter-cell and intra-cell spaces of braille dots in a braille document is distinct. This 

knowledge is used by different researches [5, 18] to formulate braille cells. In the current 

study, as in many other values, the inter-cell and intra-cell space values are automatically 

derived from the dot height. It is worth noting that these values may not be necessarily 

the same to all kind of braille document scanned with different resolutions. 

The horizontal distance analysis is used to determine if two consecutive columns are part 

of one braille cell or are simply part of two separate braille cells and the cell is 

formulated accordingly. In cases where a braille cell has dot(s) in only one of the two 

columns, the distance of the column from columns of the left and right side is determined 

to decide to which side the braille cell in question has the empty column. At the end of 

this step, all braille cells (those braille cells that have dots on both columns as well as 

those that have dots in either of the two columns) are formulated including the empty 

braille cell, which represents a space.  

3.7 Translation 
The final step in the braille recognition process is translation of the braille cells into their 

equivalent print characters. In grade 1 braille of languages like English, the translation 

from braille to print is almost one to one though some minor context analysis is required, 

for example, for digits. The translation in grade 2 braille, however, is a lot more complex 

as one braille cell may have different meanings depending on its position in a specific 

word.  

As already mentioned in chapter two of this document, we still do not have grade 2 

Amharic braille. Nevertheless, the translation of the Amharic grade 1 braille is not as 

direct and easy as the grade 1 braille of languages like English. This is due to the 

different form of braille representation that is used for Amharic characters. The different 

representation is necessitated, as discussed in chapter two, by the large number of 

symbols that exist in Amharic language.  
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In this representation one, two, or sometimes three braille characters may be used to 

represent one Amharic print character. In addition, as in other language braille 

representations, indicator braille characters are used to show whether the following 

character should be interpreted as digit or any other character. All these features are taken 

into consideration in the translation method employed in this study. 

A translation table that contains the Amharic characters and their corresponding braille 

representation is prepared. Each braille cell is analyzed vis-à-vis its right side neighbours 

to determine what it actually represents. Having identified the corresponding print 

character of each braille cell, the print characters are written in a text file.  
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Chapter 4 

Implementation and Experiment 
This chapter presents implementation details of the proposed system in terms of narrative 

pseudo codes and some snap shots where deemed necessary. Accordingly, details 

regarding the preprocessing activities are discussed under section 4.1. Estimation of the 

different important braille related values that are used at later stages of the recognition 

process is explained in section 4.2. Braille character line detection that determines part of 

the braille image, which is the focus of subsequent activities, is the subject of section 4.3. 

Sections 4.4 and 4.5 talk about half character detection and recognition respectively. The 

horizontal space analysis that is used for braille cell formulation is discussed under 

section 4.6 while translation of the formulated braille cells into their print text 

representation is explained in section 4.7. Finally, the performance of the proposed 

system in comparison with the previous two works on Amharic braille is presented in 

section 4.8. 

4.1 Preprocessing 
The three preprocessing techniques used in our study namely, removal of noises and 

separation of dots from the background using direction field tensor as a tool, thresholding 

and skewness correction are discussed below.  

4.1.1 Direction Field Image 

Direction field tensor, which is a tensor field defined over local images for all points in 

the entire image, can be conveniently represented by the 2D complex 20I  and 1D scalar

11I . The following procedure, as adopted from Begun et al. [25] is followed to compute 

the direction field ( 20I  and 11I ): 

1. Generate a 2D Gaussian kernel and a 2D Gaussian derivative kernel. For 

efficiency purpose, the two 1D Gaussian kernels ( gx and gy ) and two 1D 

Gaussian derivative kernels ( dx and dy ) can be used.  

2. Apply convolutions on the original image img to generate dxf and dyf . 
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3. Compute: 

a) 20Î from dxf and dyf by pixel-wise complex squaring. 

2
20 )*(ˆ dyfidxfI   where )1(i  

b) 11Î  from abs( 20Î ) 

4. Compute the complex image 20I and the scalar image 11I from 20Î and 11Î  

respectively by averaging with a second set of Gaussian kernels.  

 

After normalization, the direction field image looks something like as shown in 

Figure 4.1 (b). 

As can be seen in Figure 3.1., all pixel values except those of the braille dots, are set 

to the value zero.  

  

(a) (b) 

Figure 4. 1. Direction Field Image (a) represents the original image in gray level. The 

image labeled (b) shows the direction field image.) 
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4.1.2 Thresholding 

Thresholding is a simple tool to separate objects from the background [30] the output of 

which is a binary/logical image. Working with a logical image reduces the complexity of 

the whole execution process as we deal with only two possible values (0 and 1). The 

direction field image obtained, as discussed under sub section 4.1.1, is converted into a 

logical image by setting all pixels that have a value different from zero into 1 and keeping 

the pixels with the value 0 as they are. This gives us another image where the braille dots 

are set to a white color while the background remains black (see Figure 4.2). 

 

(a) 

 

(b) 

Figure 4. 2. Thresholding direction field image (the picture labeled (a) shows the 

direction field image. The picture labeled (b) shows the logical image) 

Additional operations are employed in order to remove some artifacts that might have 

remained in the braille image, especially when the braille document in question is old or 

worn out. The operations are used to fill connected objects in the image and then those 

objects with smaller sizes are removed from the image.  
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4.1.3 Skewness Correction 

As already elaborated under sub section 3.2.3 of this document, we have taken advantage 

of the horizontal direction nature of dots in a braille document in an attempt to estimate 

the slope of the line that is constructed out of the braille dots.  

In order to estimate the slope, the first step to be taken is to identify the center values of 

braille dots in a line. The following algorithm shows the steps that we have followed for 

skewness correction. 

1. The braille image is traversed horizontally starting from the top of the image and 

the first braille dot identified will be taken as the starting point. ( And the first 

dot’s bottom value will be buffered so that the search for the next line’s dot starts 

just from below this point) 

2. The center of the first dot is calculated and its row and column values are stored 

in two arrays that are prepared to store row and column values of the center of 

braille dots. 

3. By taking the first dot’s center value as a starting point, the search for the second 

dot will continue in  3 pixel ranges from the center. (Note that for subsequent 

dots, the range will have higher values from top or bottom and decreases from the 

opposite side in accordance with the direction of the line) 

4.  Having identified the center value of the second dot, the search for the other dots 

in the line continues in the same fashion. 

5. The moment the center of the last dot in the line is identified, the center values of 

the first and the last dots are used to calculate the local slope. (local slope refers 

to the slope calculated for a single line) 

6. Steps 1-5 are repeated for subsequent dot lines in the braille image. 

7. Finally, the average of all local slopes is calculated to get the global slope. 

8. MATLAB’s atand() function is used to obtain the degree of the tilting from the 

global slope. 
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9. The negative of the degree obtained from the atand() function is used to rotate the 

image back to its proper position using MATLAB’s imrotate() function.  

List 4. 1. Pseudo code for skewness correction. 

Figure 4.3 portrays the result of the skewness correction from both directions using the 

above algorithm.  

 

(a) 

 

(b) 

 

(c) 

Figure 4. 3. Skewness correction ((a) 5 degree tilting towards the right hand side, (b) 5 

degree tilting towards the left hand side, (c) the result of the skewness correction. 

As can be seen from Figure 4.3, the proposed algorithm works perfectly for image tilting 

of up to 5 degrees. The result is encouraging as it performs better than previous works 

like [1], where tilting of up to 4 degrees is achieved. 

4.2 Estimation of Important Braille Cell Values 
An automatic braille recognition system basically deals with important values of a braille 

cell such as dot height, dot width, inter-cell space, intra-cell space and the like. A flexible 

analysis and estimation of such values is important if the recognition system is to work 

effectively for different braille documents with apparently different values. 
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The braille dot height is what we found in this study to be the only value that can be 

directly obtained by a simple analysis of the braille document through exploiting the 

distinct spacing that we have between braille dots of different lines. The possible 

existence of horizontal braille dot merging makes it difficult to obtain values like braille 

width, inter-cell space and intra-cell space directly from the braille document. Therefore, 

we have identified the dot height from the braille document and derived all the other 

values from the dot height. The following algorithm explains how the braille dot height is 

obtained.  

1. The braille image is traversed horizontally from top to bottom in search of the top 

point of the first braille dot. 

2. Having identified the top point of the first dot (of the first line), the search for the 

bottom point of the same dot continues. 

3. The top and bottom points are then used to calculate the height of the braille dot 

and the value is stored in an array that is prepared to store braille dot heights. 

4. Steps 1-3 are performed to subsequent lines in the braille image. 

5. After dot height is calculated for all lines of the braille document, the average 

value is calculated and used for further processing 

List 4. 2. Pseudo code for identifying braille dot height. 

 

Identification of the braille dot height helps us estimate the height of a braille character, 

which is further used for the estimation of values like inter-cell space, intra-cell space and 

dot width. In order to estimate the braille character height, the height of each half 

character is obtained. The height of the half-character is compared against 3 times the 

braille dot height. If it is greater, it will be considered as the height of a braille character. 

The values obtained from each braille character are finally summed up and their average 

is taken as the braille character height. The other values are estimated as shown in Table 

4.1.  
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Table 4. 1. Estimation of important braille cell values 

Value Derived from 

Two dot height (2/3)*three dot height 

One dot height (1/3)*three dot height 

Dot width (Two dot height)/2 

Inter-cell space (one dot height)+((one dot height)*0.1) 

Intra-cell space ((three dot height)/2)+((one dot height)*0.2) 

 
4.3 Braille Character Line Detection 
In this study, out of the entire braille image, analysis for identification and recognition of 

braille cells is done only on the braille character lines. This is advantageous from 

performance point of view as only part of the braille image is processed instead of the 

entire image. Analysis of the vertical distance between dots is the approach used to 

identify braille character lines.    

The following algorithm shows the steps followed for identification of braille character 

lines.  

1. The braille image is horizontally traversed in search of the top point of the first 

braille character line. This is simply accomplished when the first pixel value of 1 

(background pixel values are all zeros) is identified.   

2. The validity of the braille dot the top point of which is to be considered as the top 

point of the character line is checked.  

3. If it is not a valid braille dot (if it is a noise), it will be disregarded and the top 

point of the character line will be taken from other valid braille dots.  

4. To identify bottom point, pixels of the image are horizontally analyzed and when a 

line with pixel values of all zeros is found, the immediate previous pixel line is 

marked as a candidate bottom point of the braille character line.  



39 
 

5. The candidate bottom point of a braille character line is marked as an actual 

bottom point if it is located at a distance of approximately three times the dot 

height away from the top point.  

6. The candidate bottom point of a braille character line is also marked as an actual 

bottom point if the distance between its bottom point and the top point of the next 

dot line is greater than a braille dot height. 

7. Once the top and bottom points of the first braille character line are identified, 

steps 1 to 6 are repeated to identify all the other braille character lines in the 

image. 

List 4. 3. Pseudo code for braille character line detection. 

The top and bottom points of each character line of the braille image identified are shown 

in Figure 4.4. 

 

Figure 4. 4. Braille character line identification 

4.4 Half-character Detection 
Some braille cells have dots in both columns while others do have only in one of the two 

columns. Half character detection focuses on identifying columns of braille cells where 

there is at least one dot.  

The half character detection algorithm simply traverses through each braille character 

line and identifies half character and marks them accordingly. In order for this process to 

go smoothly, possible merging of adjacent dots should be resolved first. Merged columns 

are therefore separated (see List 4.4) before the half character detection step begins.  
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1. For each braille character line, the search for the left position of the first braille 

cell column is done. 

2. Then the search for right position of the first braille cell column continues. 

3. The width of the column is calculated from the right and left positions identified. 

4.  If the width is approximately greater than the known braille dot width, the 

column is separated into two braille cell columns. 

5. Steps 1 to 4 are repeated to all braille cell columns of each braille character line. 

List 4. 4. Pseudo code for separating merged dots. 

The half character detection algorithm is described below.  

1. For each braille character line, left position of the first braille cell column is 

searched. 

2. Starting from the left position of the first braille cell column, the search for the 

right position continues. 

3. The width of the braille cell column is calculated from the left and right positions 

just identified.  

4. If the width is greater than half of the known braille dot width, the center of the 

column will be calculated from the left and right positions and is marked as a half 

character position.  

5. If the width is not greater than half of the known braille dot width, the candidate 

half character is disregarded. 

6. Steps 1 to 5 are repeated to all candidate columns of each braille character line. 

List 4. 5. Pseudo code for half character detection. 
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Figure 4.5 below shows the half characters identified in each of the braille character lines.  

 

Figure 4. 5. Half character identification 

4.5 Half-character Recognition 
At this step, part of the recognition process where by the half characters are classified is 

performed. The half characters are made of three dot positions. Excluding the condition 

where all dot positions are flat, we have 7 different combinations. Based on the values 

designated to each type of half character, (see Table 3.1) the algorithm to classify half 

characters to their corresponding values is described in List 4.6 below. 

1. For each braille character line, the first dot’s top point and last dot’s bottom 

point of a half character is obtained. (Note that if there is only one dot in the half 

character the top and bottom points of the dot are taken as the top and bottom 

points of the half character). 

2. The height of the half character is calculated from the top and bottom points 

obtained. 

3. Based on the value of the height the half character will be forwarded to one of the 

three functions for further processing. (The three functions work on those group 

of half characters that have similar heights as shown in Figure 4.6) 

4. If the height is approximately the same as the height of a three dot height, the 

function that processes half characters of values 5 and 7 will be called. 
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5. The function checks the middle position of the half character and if it is empty, it 

returns the value 5. Otherwise it returns the value 7. 

6. If the height is approximately the same as the height of a two dot height (the 

height of two consecutive dots), the function that processes half characters of 

values 3 and 6 will be called. 

7. The function checks whether the two consecutive dots are located at locations 1 

and 2 or 2 and 3 from top. If the dots are located at 1 and 2, the value 6 is 

returned. If the dots are located at 2 and 3, the value 3 is returned. 

8. If the height is approximately the same as the height of a one dot height, the 

function that processes half characters of values 1, 2, and 4 will be called. 

9. The function checks if the dot is located in one of the three possible positions of 

the half character. 

10. If the dot is found to be at the top position, the value 4 is returned. If the dot is 

found to be at the middle position, the value 2 is returned. Otherwise, if the dot is 

found to be at the bottom position, the value 1 is returned. 

11. All the above steps are repeated to all half characters of all the braille character 

lines. 

List 4. 6. Pseudo code for half character recognition. 

   

(a) (b) (c) 

Figure 4. 6. Group of half characters with similar heights. 
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Figure 4.7 below shows the result of the half character recognition process for some set 

of half characters.  

   

Figure 4. 7.  Half character recogntion 

4.6  Braille Cell Formulation 
Half characters do not convey a complete meaning by themselves as they are just part of 

braille cells. In order for the half characters to have meaning, they should be put together 

to form a braille cell. Analysis of the horizontal distance between half characters is the 

approach used to formulate braille cells. Inter cell space and intra cell spaces are used to 

differentiate between half characters of the same braille cells from those that are of 

different cells. The algorithm described below in List 4.7 shows how braille cells are 

formulated. 

1. For each braille character line, the distance of the position of the first half 

character is compared with the position of the next half character.  

2. If the distance is approximately the same as the distance of an inter-cell space, 

the two half characters are grouped together to form one braille cell. 

3. In a similar fashion, for subsequent half characters, the distance between the 

position of a half character and the positions of the next and the previous half 

characters is computed.  

4. If the distance is found to be approximately similar to the distance of inter-cell + 

intra-cell distances or 2*(inter-cell) + 2*(intra-cell distances) (where there is a 

space between the two columns), the half character in question is combined with a 

half character with the value zero to form a complete braille cell. (The half 

character with the value zero may be put on the left or right hand side of the half 

character based on the analysis. In the case of the second situation, a space 

indicator will be inserted between the previous and the current braille cells. 

Space indicators are also inserted in other cases where there is an approximate 
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distance of (inter-cell) + 2*(intra-cell distances) is found between two braille 

cells with half characters of values different from zero). 

5. Steps 1 to 4 are repeated to all half characters of all braille character lines. 

List 4. 7. Pseudo code for braille cell formulation. 

Figure 4.8 below shows how the braille cells are formulated out of the half characters 

using the above algorithm. 

 

 

 
 

Figure 4. 8. Braille cell formulation 

Note that the third braille cell, in Figure 4.8, has only one column on the left side with the 

value 6. The right hand side column is therefore deduced as 0 by distance analysis with 

neighboring cells, hence the braille cell (6, 0). On the other hand, the sixth braille cell has 

the value (-1, -1), which is used as a space indicator. This space can be clearly seen in the 

braille image of Figure 4.8. 

4.7 Translation 
In this step, the braille cells that are formulated are translated into their corresponding 

print text values. Four lookup tables for letters (and those labialized letters that are 

represented by two braille characters), numerals (both Arabic and Ethiopic), punctuation 

marks, and labialized letters (only those labialized letters that are represented by three 

braille characters) are prepared for the translation purpose. The lookup tables contain the 

braille cell values and the corresponding Unicode values of the respective character 

groups.  

Some punctuation marks are found to have the same braille cell representation with the 

Amharic letters, which creates confusion in the translation process. To avoid this 
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confusion, a word or sentence level analysis, which is way beyond the scope of the 

current work, is required. Hence, those punctuation marks that are known to create such 

confusions are excluded from the lookup table.  

In Amharic braille reading, since characters are represented by up to three braille cells, 

analysis of the neighboring braille cells is necessary in order to determine the print text 

value. Moreover, digit mode indicator cells also need to be taken into consideration in the 

translation process.  

The algorithm that is used for translation purpose is described as follows in List 4.8. 

1. From the list of braille cells formulated, the value of the first braille cell is 

checked to see if it has the same value as the Arabic or Amharic digit mode  

indicators. 

2. If the braille cell has the same value as either Arabic or Ethiopic digit mode 

indicator, the next braille cell is checked against the numerals lookup table and 

the Unicode value of the print character value is returned and stored in the array 

that is prepared to store print text values. 

3. If the braille cell is different from digit mode indicators, the braille cell along 

with two more succeeding braille cells are check against the labialized lookup 

table. If a match is found the Unicode value of the print text is returned and 

stored in the array that is prepared to store print text values. 

4. If the braille cell is different from the digit mode indicators and no match is found 

from the labialized lookup table, the next braille cell is checked to see if it is a 

braille cell that represents vowels. 

5. If the next braille cell is not a vowel, the first braille cell’s value is checked 

against the letters lookup table and the Unicode value of the print character is 

returned and stored in the array that is prepared to store print text values. 

6. If the next braille cell is found to be a vowel, the first cell along with the second 

cell (the vowel) will be checked against the letter lookup table and the Unicode 

value of the print character is returned and stored in the array that is prepared to 

store print text values. 



46 
 

7. If no value is returned from above steps, the braille cell is expected to represent a 

punctuation mark. Accordingly, a check against on the punctuation mark lookup 

table is done for the first, the second and the third braille cells or the first and 

the second braille cells or the first braille cell only. The corresponding Unicode 

value of the print character is finally returned and stored in the array that is 

prepared to store print text values. 

8. Each of the above steps is repeated to all other braille cells in the list. 

9. Finally, each of the Unicode values that are stored in the array is written into a 

Rich Text Format (RTF) file. 

List 4. 8. Pseudo code for braille to print translation. 

As can be learnt from the above algorithm, while a maximum of two braille cells are 

analyzed for Amharic letter translation, up to three braille cells are processed for the 

translation of Amharic punctuation marks and labialized letters. This is because the 

Amharic characters that are represented by three braille cells are those that fall in the 

category of punctuation marks and labialized letters.  

4.8 Performance Evaluation 
In an attempt to determine the performance of the proposed system, the prototype we 

have designed has been experimented against different braille documents. The braille 

documents used for experiment purpose are mainly collected from Misrach Center. 

Attempts are done to use representative braille documents of all sorts: skewed, worn-out, 

and different contents. Table 4.2. shows the statistics of the braille documents that are 

used in the experiment. For comparison purpose, majority of the braille documents used 

in the experiment are those that were used by Chekol [2].  
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Table 4. 2. Statistics of braille documents collected for experiment 

Braille Attribute Value 

Number of braille documents 7 

Average number of characters per document 375 

Color Type True color 

Resolution 200 dpi 

Average image size 8.5MB 

Braille Type Single sided 

Image format Bmp 

Document type A4 size 

The correctness of each translated print text is checked against the original braille 

document and the accuracy of our system is calculated on a print character basis. 

Accordingly, the system has achieved an average accuracy of 98.5%. The accuracy for 

good quality braille documents is 99.9%. This is by far better than the previous two 

works [2, 3] on Amharic braille that achieved an accuracy of 92% and 96% respectively 

for good quality braille documents (See Figure 4.9). We have also achieved 96.5% 

accuracy for poor quality braille documents, which again is remarkable compared to the 

previous work of Chekol that achieved 65% for poor quality braille documents (See 

Figure 4.10). It is also worth mentioning that our system includes labialized letters, 

Amharic numerals, and more punctuation marks, which were not dealt with in the 

previous two works. 
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(a) 

 

(b) 

 

(c) 
Figure 4. 9. Comparison of good quality braille documents. ( (a) original image. (b) 

Preprocessing result of a by the previous work [2]. (c) Preprocessing result of a by the 
current work) 
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(a) 

 

(b) 

 

(c) 

Figure 4. 10. Comparison of poor quality braille documents. ( (a) original image. (b) 
Preprocessing result of a by the previous work [2]. (c) Preprocessing result of a by the 

current work) 

The commendable result we have achieved is mainly due to the effective noise removal 

technique we have adopted and the different mechanisms we have employed for 

exclusion of non-braille dot artifacts during braille character line identification and half 
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character detection. The skewness correction we have designed has also played a 

significant role for the result. 

The small errors observed in the experiment of our system are attributed to some stains 

and defects present on the surface of the braille documents that are caused by overuse and 

bad handling of the documents among others.  
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Chapter 5 

Conclusion and Recommendation 
5.1 Conclusion 
In this study, an attempt has been made to design and implement an automatic braille 

recognition system for Amharic language. We have, to this end, adopted and designed 

different techniques for the different steps of the recognition process. Direction field 

image, which uses Gaussian filters and derivatives of Gaussians have been used as a tool 

for removing noises and isolating braille dots from their background. The possible image 

tilting that usually occurs during image capturing has been resolved by the new skewness 

correction algorithm we have designed, which helps us tolerate up to 5 degree of image 

tilting on both directions. We have exploited the horizontal direction nature of braille dots 

to design our skewness correction algorithm. 

We have attempted to determine automatically the different values that we encounter in 

braille images such as braille dot height, dot width, inter-cell space, intra-cell space and 

the like. These values tend to be different depending on the resolution level used during 

image capturing. What we have proposed however determines these values automatically 

from the braille image and therefore works for braille images of possibly different dot 

sizes.  

We have identified the braille character lines and limited the analysis of subsequent 

operations to focus only on this part of the braille image, which has benefits from 

performance point of view.  

Braille cells are formulated from half characters by way of analysis of spaces between the 

half characters. The braille cells are translated into their corresponding print characters 

using table lookup, which contains list of braille cell values and the associated print 

characters. 

The prototype we have designed for our system has been experimented against braille 

documents of different sorts in terms of quality and content. We have achieved an 

average accuracy of 98.5%. The small errors observed in our experiment are attributed to 

the different stains and defects present on the braille documents.   
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Compared to the previous two works on recognition of Amharic braille, our proposed 

systems has dealt with more number of Amharic characters and introduced more 

additional techniques for the recognition process such as skewness correction and 

automatic determination of braille dot size. We have also adopted appropriate noise 

removal tool and translation mechanism. As a consequence, we have achieved better 

results, especially for poor quality braille documents.  

5.2 Recommendation 
We have adopted and designed different techniques for recognition of Amharic braille 

documents and achieved an encouraging result. However, with the incorporation of the 

following points in future works, we believe a better result would be achieved. 

 We have used the dot height and the dot width values to determine whether a 

candidate dot is valid or not during the braille character line and half character 

detection steps. Incorporating additional analysis, on top of this, like examination 

of the bright and dark regions that braille dots exhibit would help better 

differentiate braille dots from noises.  

 Our current work aimed at single-sided braille documents. However, nowadays, 

double-sided braille documents are being widely used. A research work that 

focuses on both single-sided and double-sided braille documents would be more 

useful. 

 Some of the errors we have encountered due to the stains and defects present on 

the braille documents would result in translation of incorrect words. A pos-

processing activity that corrects such errors by changing the incorrect words with 

the closest correct word from a dictionary would be very appropriate.  

 In this study, we have included all Amharic characters except some punctuation 

marks that have the same representations with other characters like some of the 

core Amharic letters. In order for these punctuation marks to be included and 

interpreted properly, a word or sentence level analysis of the braille characters, 

which is beyond our scope, is required. Future works can focus on this area so 

that such punctuation marks would be easily included in the translation.  
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 Keeping the format of braille documents is sometimes very important when, for 

instance, the content in the document is a poem. Keeping the format would also 

be very instrumental if the recognized content is required for reproduction of 

braille documents.  
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Appendix A. The First Version Amharic Braille 
 
List of first version basic Amharic braille characters 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
List of vowels for first version Amharic Braille 

 

 

 

 

List of first version extended Amharic braille characters 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

ሀ  1:2:4 ኸ 2:3:4 
ለ  1:4:5 ወ 2:3:4:5 
ሐ 1:2:4:5 ዐ 1:6 
መ 1:2:5 ዘ 1:4:6 
ሠ 2:4:5 ዠ 1:3:4:6 
ረ  1:3 የ  1:4:5:6 
ሰ  1:2:3 ዯ 1:5:6 
ሸ 1:2:3:6 ጀ 1:2:4;6 
ቀ 1:3:4 ገ  1:2:4:5:6 
በ  1:3:4:5 ጠ 1:2:5:6 
ተ 1:3:5 ጨ 1:2:3:5:6 
ቸ 1:3:5:6 ጰ 2:4;5;6 
ኀ 1:2:3:4 ጸ 2:4:5:6 
ነ  1:2:3:4:5 ፀ 1:3:6 
ኘ 1:2:3:4:5:6 ፈ 1:3:4:5:6 
አ 1:2:3:5 ፐ 2:3:4:5:6 
ከ 1:2:6   

Vowels 1:4 2:5 3:6 1:5 2:4 2:6 2:6 
Variant 1st 2nd 3rd 4th 5th 6th 7th 

ቈ 1:2:3:4:6   2:3:4 

ኯ 1:2:3:4:6   1:3:4 

ኈ 1:2:3:4:6   1:2:3:4 

ጐ 1:2:3:4:6   

1:2:4:5:6 
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Appendix B. The Second Version Amharic Braille 
 

List of second version basic Amharic braille characters 

 
 

  
 

 
 
 
 
 
 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

List of vowels for second version Amharic braille 

 
 

 

 

 
 
 
 

 
 
 
 

1st 7th 1st 7th 
ሀ 1:2:5 ህ 1:3:4:6 ኸ 2:3:6 ኽ 5    2:3:6 
ለ 4:5:6 ል 1:2:3 ወ 2:4:5:6 ው 2:4:6 
ሐ Not apply ዐ Not apply 
መ 1:3:4 ም 2:3 ዘ 1:3:5:6 ዝ 2:3:4:6 
ሠ 2:3:4 ሥ 5 ዠ 3:5:6 ዥ 5:6 
ረ 1:2:3:5 ር 1:2:5 የ  1:3:4:5:6 ይ 1:4:5:6 
ሰ Not apply ዯ 1:4:5 ድ 1:4:5:6 
ሸ 1:4:6 ሽ 1:5:6 ጀ 2:4:5 ጅ 1:2:6 
ቀ 1:2:3:4:5 ቅ 4:6 ገ  1:2:4:5 ግ 2:3:5:6 
በ 1:2 ብ  4:5 ጠ 2:3:4:5:6 ጥ 1:2:3:5:6 
ተ 2:3:4:5 ት 123456 ጨ 1:4 ጭ 3:6 
ቸ 1:6 ች 2:5 ጰ 2:3:5 ጵ 3:4:5:6 
ኀ Not apply ፀ 1:2:3:4:6 ፅ 3:4:5:6 
ነ  1:3:4:5 ን 1:2:4:6 ጸ Not apply 
ኘ 3:4:6 ኝ 2:6 ፈ 1:2:4 ፍ 5   1:2:4 
አ 3 እ 3:4 ፐ    
ከ 1:3 ክ 3:5     

Vowel None 1:3:6 2:4 1 1:5 none 1:3:5 
Variant 1st  2nd  3rd  4th  5th  6th  7th  
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Appendix C. The Third Version Amharic Braille 
List of third version basic Amharic braille characters 

6th
 6th

 
ህ 1:2:5 ¦ 2:3:6 
ል 1:2:3 ¨< 2:4:5:6 
Q Not apply ዕ Not apply 
U 1:3:4 ´ 1:3:5:6 
Y 2:3:4 » 3:5:6 
` 1:2:3:5 Ã 1:3:4:5:6 
ስ Not apply É 1:4:5 
ሽ 1:4:6 Ï 2:4:5 
p 1:2:3:4:5 Ó 1:2:4:5 
w 1:2 Ø 2:3:4:5:6 
ት 2:3:4:5 ß 1:4 
‹ 1:6 ጵ 2:3:5 
ኅ  Not apply ፅ 1:2:3:4:6 
” 1:3:4:5 ጽ Not apply 
˜ 3:4:6 ፍ 1:2:4 
• *1:2:3:5:6 ý 1:2:3:4 
¡ 1:3   

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

List of vowels for third version Amharic braille 

 

Vowel 2:6 1:3:6 2:4 1 1:5 Independent 1:3:5 
Character 
Variant 1st 2nd 3rd 4th 5th 6th 7th 

 

List of third version extended Amharic braille character 

Amharic irregular character 
ቈ 1:3             2:4:5:6 
ኯ    1:2:3:4:5   2:4:5 
ኈ 1:2:5          2:4:5:6 
ጐ 1:2:4:5      2:4:5:6 
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Appendix D. Sample table lookup of letters ”ሀ” to “ሠ” with 
their 7 variants 

Consonant Vowel Unicode value of 

Print Characters 62 21 4608 

62 51 4609 

62 24 4610 

62 40 4611 

62 42 4612 

62 0 4613 

62 52 4614 

70 21 4616 

70 51 4617 

70 24 4618 

70 40 4619 

70 42 4620 

70 0 4621 

70 52 4622 

70 55 4623 

61 21 4624 

61 51 4625 

61 24 4626 

61 40 4627 

61 42 4628 

61 0 4629 

61 52 4630 

54 21 4632 

54 51 4633 

54 24 4634 
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54 40 4635 

54 42 4636 

54 0 4637 

54 52 4638 

54 55 4639 

34 21 4640 

34 51 4641 

34 24 4642 

34 40 4643 

34 42 4644 

34 0 4645 

34 52 4646 
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