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Abstract—Optical Braille Character Recognition (OBR) 
system is in great need inorder to restore the old Braille 
documents to make them available for the large section of 
visually impaired people. The recognition of the double sided 
Braille dots is a challenging task due to the overlapping of the 
front side dots with back side dots in an inter-point Braille. The 
fact that the Braille documents can be acquired with varied 
resolution makes the usual method of template matching fail. 
To address this issue, this paper introduces a new system that is 
capable of differentiating the recto and verso dots from an 
Inter-point Braille document even with varied resolutions. The 
primary reason for selecting the Hindi Devanagari Braille is 
that, Hindi is the national language of India and OBR for Hindi 
Braille is not available. This effort of OBR development for 
Hindi Devanagari Braille has been done for the first time. The 
proposed system is more efficient than the other state of the art 
techniques in terms of computation time and accuracy. 

 

Keywords—Bharati-Braille; Connected Component 
labelling; Projection profile;  Recto; Verso. 

 
1. INTRODUCTION 

 
Braille system, the most extensively used method by the 
visually impaired people to read and write was devised by 
Louis Braille in 1824. Any Braille document comprises of a 
line of characters and each character is made up of raised 
dot patterns. Each character is a 3x2 matrix of points and 
sixty four combinations are conceivable using any of these 6 
dots [1].  Based on the existence of protrusions and 
depressions the Braille document can be categorized as 
single sided and inter point Braille. If the document contains 
only the protrusions on single side, it is a single sided Braille 
document as shown in Fig.1 (a). If the document contains 
both protrusions and depressions on single side then it is a 
double sided Braille document and is shown in Fig.1 (b). 
The printed Braille documents are very bulky and to 
mitigate this problem, most Braille documents are printed in 
inter-point with the embossing done on both sides of every 
page with a slight diagonal offset to prevent the dots on the 
either sides from interfering with one another [2]. Since in 
inter-point Braille the dots on both sides of the page are  

visible from one side, both sides of the sheet can be 
recognized in a single scan thus making the translation 
process grimmer. 
 

 
 

Fig 1: (a) The Braille Cell (b) Inter-Point Braille 

It is essential to transliterate the Braille documents to the 
text document in the corresponding language in order to 
establish a bi-directional communication amid the visually 
impaired and the sighted community practicable. Also, 
persons who wish to work with blind people and do not 
know Braille can successfully communicate with the blind 
through the OBR. 
Various authors have developed OBR systems for English 
and Arabic Inter-point Braille document [1]-[9]. All these 
approaches were based on the common principle of 
exploiting the differences in the gray levels in the image 
caused by the reflected light and the shadows created by the 
protrusions and the depressions on the document surface 
during the scanning process. Two standard templates were 
then constructed to represent the recto and verso dots. The 
templates were then applied to every position of the image 
and evaluated the correlation at each pixel position. 
Depending on the correlation values obtained, the recto and 
verso dots were extracted. These techniques differ only in 
the process of grid construction. 
The significant limitations of the earlier works are: 
 i) The augmented average processing time introduced by 
the template matching procedure for differentiating the recto 
dots from verso dots  
ii) The call for redesigning of templates depending on the 
height of the Braille character as the spatial resolution of the 
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Braille image show a discrepancy. Thus these techniques do 
not direct to an adaptive approach. 
An extensive literature survey indicates that lesser number of 
works have been done on recognition of Inter-point Braille 
document as the recognition of single sided Braille 
documents is easier when paralleled to the double sided 
Braille document. Also the OBR systems have been 
effectively developed for recognition of printed braille 
characters of non-Indian languages. Most of the works have 
been done for English and Arabic Braille documents. More 
efforts have to be put in for the development of an efficient 
OBR for Indian languages, especially for Hindi, the national 
language.  
Motivated by the above facts, an attempt has been made in 
the present work to develop an adaptive algorithm using the 
concept of connected component labelling based on eight 
connectivity and projection profile for Hindi Devanagari 
Braille. The experimental results show that the proposed 
method can provide improved performance when compared 
to the other techniques that are debated. This paper is 
divided into four sections: In section II an overview of 
Bharati Braille is presented. Section III discusses in detail 
the proposed work. Section IV presents the results and 
discussion. Section V, provides conclusions and directions 
for the future work. 

 
2. AN OVERVIEW OF BHARATI BRAILLE 

 
Bharati Braille is a largely unified Braille script for writing 
the languages of India which was developed and urbanized 
in April 1951. The Bharati Braille Code is the collective 
appellation given to all the dialects of India. The Bharati 
Braille uses phonetic equivalents from the English Braille to 
represent the Hindi texts and its Braille notations are shown 
in Fig.2 [11]. Bharati Braille confirms to the syllabic writing 
system for all the Indian languages and hence developing the 
OBR is not a straight forward task for Indian vernaculars as 
compared to English language, as the basic character set of 
all the Indian Languages is more than 64 and to denote a 
character two Braille cells are required. 

 
3. PROPOSED METHOD 

 
The objective here is to develop an optical Braille character 
recognition system which takes the different resolution of 
the scanned Braille document into considerations. In this 
direction an adaptive algorithm has been designed for 
differentiating the recto and verso dots and an algorithm for 
adaptive grid construction has also been proposed. Further, 
an algorithm for converting the Braille text to Hindi text has 
been proposed.  
 
Algorithm1: Adaptive recognition of Recto/Verso dots 
Step1: Convert RGB image to gray image. 
Step2: Use thresholding to retain only the shadow pattern 

 
 

Fig 2: Hindi Braille Notations 

Th = 255 – [(255-max (I (i, j)))*α + β]     (1) 
 ∀ 1 ≤ i ≤ M, 1 ≤ j≤ N 
              where, Th= Threshold value  

    M= Number of rows, N= Number of columns 
Through empirical observation α is set as 10 and β as 5. 
Step3: Preprocessing: Use Median filtering to remove the 
left out noise after thresholding. 
Step4: Binarize the image to find the centroid. 
Step5: Apply connected component labelling using the eight 
connectivity property to account for number of dots present 
in the document [10]. 
Step6: Find the centroid of all the labelled components. 
Step7: Find the dot with maximum number of eight 
connected pixels. Let M denote the number of eight 
connected pixels. 
Step8: Crop the image to set only the dot with maximum 
number of eight connected pixels using the equations given 
below 
 
X1= Centroid x1-M/10, Y1= Centroid y1-M/10     (2) 
X2= Centroid x1+M/10, Y2= Centroid y1+M/10     (3) 
 
where, x1 and y1 are the centroid co-ordinates of the dot 
with maximum eight connected pixels, and X1, X2, Y1 and 
Y2 defines the cropping region. 
Step9: Plot the horizontal and vertical projection profiles for 
the cropped dot. 
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Step10: Find the dot height from horizontal projection 
profile and dot width from vertical projection profile. 
Horizontal profile is the sum of all the pixels in the row 
direction and Vertical profile is sum of all the pixels in the 
column direction. 
Step11: Then the size of the adaptive mask is defined as 
 
Xtop (i) =Centroid x (i) - (Width/2)        (4) 
Xbottom (i) =Centroid x (i) + (Width/2)      (5) 
Yleft (i) =Centroid y (i) - (Height*5/3)      (6) 
Yright (i) =Centroid y (i) + (Height*5/3)      (7) 
 
where, 0 < i < number of objects (i.e. number of dots), Xtop, 
Xbottom, Yleft and Y right defines the x and y co-ordinates 
of the mask region. 
Step12: The designed mask from the above step is placed 
over all the dots such that the center of the mask coincides 
with the centroid of the dot and within the mask region each 
and every pixel is checked to see whether it is less than the 
threshold value (th). 
 
th= max(I(i,j)) - max(I(i,j))/5, ∀ 1 ≤ i ≤ M, 1 ≤ j≤ N    (8) 
 
Step13: If the count of any mask is less than 2/5*height 
*width then such a dot is recognized as recto dot else it is a 
verso dot.  
Step14: Using the centroid co-ordinates information separate 
images are constructed for recto and verso dots. The 
separated image contains only the centroid pixel of each dot. 
Fig.3 shows the sample inter-point Braille document. Fig.4 
and Fig.6 depict the recto and verso dots extracted images 
respectively.  
 

 
Fig 3: Sample Inter-point Braille image 

 
Fig 4: Output of the dot recognition phase 

 
Fig 5: Recto dots extracted image 

 
Fig 6: Verso dots extracted image 

 
Algorithm2: Adaptive Grid construction 
Grid construction plays a crucial role in conversion of the 
recognized Recto/Verso dot to its decimal equivalent. To 

achieve this an algorithm has been designed which is 
independent of the resolution of the Braille document being 
used. 
Step1: Read the Recto dots extracted image. 
Step2: Identify the location of absent dots as all the Braille 
cells may not contain 3x2 information. An adaptive grid is 
construction is used for this purpose. This uses the logic 
that, if any one of the centroid pixel is ON in a particular 
row, then the column pixels of that particular row are also 
made ON provided the centroid pixels in the columns of the 
rows below it are also ON.  
Step3: Dilate the centroid pixels of Recto dots using the disc 
shaped structural element. 
Step4: Super impose the dilated image of Recto dots over 
the grid constructed image. 
Step5: At this stage apply horizontal and vertical projection 
profiles on the super imposed image to find the number of 
lines and cells in the Braille document respectively. Step6: 
Divide by 3, the total number of peaks in the horizontal 
profile to find the number of lines and divide by 2, the 
vertical profile to find the number of cells as each Braille 
cell is represented as a 3x2 matrix. 
Step7: Perform the AND logic between the superimposed 
image and the image containing only the centroid pixel of 
Recto dot. If the product is true it indicates the presence of a 
dot and represent its value as 1 and if the product is false it 
indicates the absence of dot and represent its value as 0. 
Fig.7 and Fig.8 show the adaptive grid constructed images 
for recto and verso dots respectively  
 

 
Fig 7: Adaptive grid construction for Recto dots. 

 
Fig 8: Adaptive grid construction for Verso dots. 

 
Step7: Represent each cell by 6 bit string depending on the 
presence or absence of the dot in a cell. Convert this string 
to its equivalent decimal value using the expression: 
 
d6+d5*2+d4*4+d3*8+d2*16+d1*32      (9) 
 
The dots d1 to d6 are numbered as shown in Fig.1 (a). For 
example in the Braille cell shown in Fig.9, the presence of 
dots are represented by black pixel and absence of dots by 
white pixel. The binary equivalent for this cell is 101010 and 
its equivalent decimal code is 42.  
Step8: Flip the verso dots extracted image as it corresponds 
to the back side text of the Braille document and apply the 
similar procedure as applied to recto dots to find its decimal 
equivalent. 
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Fig 9: Braille Cell after recognition  

 
Algorithm3: Braille text to Hindi text transcription 
Hindi Braille follows the expanded format for representing 
the vowel-consonant combined character. It means, the 
combined character द े is written separately as द and ए in 
Braille notation. The reader should not read them as separate 
characters; rather consider them as single character written 
in two boxes. So the complexity for conversion of Braille to 
normal Hindi text increases. The recognizer has to identify 
each character as a standalone vowel or consonant or 
consonant-vowel combined character. 
Fig.10 shows the Braille equivalent of the Hindi word 
देवनागरी. Fig.11 depicts the text equivalent of the Braille cells.  
 

 
Fig 10: Hindi Braille version 

 
द ए व ना आ ग र ई 

Fig 11: Expanded form of Hindi word 
 
Step1: Check whether the read decimal code corresponds to 
vowel or not. If a vowel, map it to its equivalent character. 
Step2: If it corresponds to a consonant, then check for the 
following decimal code. 
Step3: If the following decimal code corresponds to a 
consonant then map the previous consonant to its equivalent 
character.  
Step4: Else if, the following decimal code corresponds to a 
vowel, then add the previous consonant with the present 
vowel and map to its equivalent consonant-vowel character. 
Step5: Repeat the process till the end of the decimal 
equivalent of the Braille document is reached.  
The conversion from Braille text to natural text is carried out 
using the .net tool.  

 
4. EVALUATION OF THE ADAPTIVE OBR 

 
In this section, the materials used for evaluating the 
algorithm, the performance measures used to evaluate the 
adaptive algorithm and the results obtained are presented. 
The proposed algorithm have been applied on Braille 
documents with varied resolution. We have generated the 
Braille documents with spatial resolutions 2121x1501, 
1380x985 and 685x503. For evaluating the performance of 
the proposed algorithm we have considered the three events. 
False Negative Rate (FNR) is the fraction of recto dots 
erroneously detected as verso dots. False Positive Rate 

(FPR) is the fraction of verso dots erroneously detected as 
recto dots. True Negative Rate (TNR) is a fraction of 
recto/verso dots which are classified as non dot in the dot 
extracted image. The accuracy of the proposed method is 
calculated using the expression: 

 
Accuracy= [1-(FNR+FPR+TNR)] * 100   (10) 
 
Table.1 gives the average FNR, FPR, TNR and average 
accuracy for Braille documents with varied resolutions. The 
proposed system possesses the excellent detection rate with 
average computation time of 12 seconds per document. The 
errors crept in are attributed to the deteriorated Braille dots 
in the document. 
 

Table 1: Performance evaluation 
 

Resolution Data 
sets 

FNR FPR TNR Accu
-racy 

2121x1501 10 0.003 0.002 0.001 99.4 
1380x985 10 0.004 0.004 0.002 99 
685x503 10 0.006 0.004 0.003 98.7 

 
5. CONCLUSION 

 
In this paper we have recommended the adaptive 
segmentation technique using the concept of connected 
component labelling, and projection profile for segmenting 
the inter-point braille dots into recto and verso dots. This has 
the ability to extract the recto and verso dots of Braille 
documents with varied resolution. The proposed method is 
faster than any conventional approaches, and it can be 
extended with no further modifications to any Braille 
document irrespective of the language and the grade. In the 
existing work only the fine quality of the printed Braille 
document are considered without any overlapping of dots. 
The proposed method can be protracted to include the 
documents with deteriorated and overlapping dots. 
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