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Abstract

Ambaric language has large number of characters. As a result, Amharic Braille image
recognition into print text is not an easy task. Amharic Braille cell formulation, encoding
to a Braille code and translating the code to print text are different from Braille recognition
systems of foreign languages’ characters. Few researches have been conducted in
recognition of Amharic Braille documents. However, recognition of double sided Amharic
Braille documents, which needs segmentation and identification of recto and verso dots
from the background, and separation of overlapping recto and verso dots, has not been

conducted so far.

In this work, we propose a design for recognition of double sided Amharic Braille
documents. The design has a preprocessing, segmentation, dot identification, page
formulation, transformation, and recognition components. We used direction field tensor
to preprocess and segment dots from the background. After segmentation, gradient field is
used to identify a dot as recto or verso. Overlapping dots were further segmented and
identified using Braille dot attributes (centroid, orientation, and area). The identified recto
and verso dots are separated into two separate images or pages using the page formulation
component. Then, we used Braille cell encoding algorithm in order to formulate identified
recto or verso dots into a Braille code. Finally, the Braille code is translated to print text
using Braille code translation algorithm. The designed algorithms encode and translate the
dots starting from left-top corner of the first dot to the right downward over the page. In
order to use the same Braille cell encoding and Braille code translation algorithms for both
pages, dots on the recto page are mirrored about a vertical symmetric line. Moreover, we
used rotation in reversing wrongly scanned documents automatically as long as the
translation performance is less than some threshold value which notifies the system the

page is wrongly scanned.

In order to test the proposed design, we developed a prototype using MATLAB and test
performances of dot identification and translation of double sided Amharic Braille images
to print texts. We achieved an average dot identification accuracy of 99.3% and average
translation accuracy of 95.6%. This is remarkably motivating performance as it is the first

achievement in recognition of double sided Amharic Braille documents.

Key Words: - Braille Cell, Direction Field Tensor, Gradient Field, Recto Dot and Verso Dot.
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Chapter One : Introduction

1.1 Background

According to a statistics reported by World Health Organization in 2012, there are 285 million visually
impaired people in the world. Out of these people, 90% live in developing countries [1]. In Ethiopia,
there are 1.2 million blind; 2.8 million with low vision people and 9 million children aged between 1-

9 years are with active trachoma which leads to blindness [2].

Communication in written form is vital in daily life for many people. However, visually impaired
people face problems to share their knowledge efficiently through written documents and communicate
with most of the people in different areas such as Education, Office works, Research works and
different publications. Visually impaired people use Braille as a writing convention, but this limits the
communication among them only. Using new technologies, different researches have been undertaken
for automatic recognition of Braille documents in different languages such as Ambharic [3, 4, 5, 6],

English [7], Arabic [8], Chinese [9] and Spanish [10].

Braille is a tactile format of written communication for people with low vision and blindness worldwide
since its inception in 1829 [3] by Louis Braille. It is a system of writing that uses patterns of raised dots
to inscribe characters on paper [8]. Therefore, it allows visually-impaired people to read and write using

touch instead of vision. Also it is a way for blind people to participate in a literate culture.

The Braille system includes symbols using which, the blinds are able to review and study the written
words. It provides a vehicle for literacy and gives a blind the ability to become familiar with spelling,
punctuation, paragraphing, footnotes, bibliographies and other formatting considerations. Braille cell
consists of 6 dots, 2 across and 3 down, which is considered as the basic unit for all Braille symbols.
For easier identification, these dots are numbered downward as 1, 2 and 3 on the left, and 4, 5 and 6 on

the right, as shown in Figure 1.1 [11]



Figure 1.1: Braille Cell
As discussed in [12], a Braille document can either have dots embossed on one sides or on both sides
of the document. The latter is also called inter-point Braille because the positions of the dots from one
side lie between the positions of the dots on the other side. This is designed to reduce the bulk of the
document and to save Braille paper. The dots on inter-point Braille are called recto and verso dots [11].
Recto dots are convex dots or protrusions directly sensed by fingers of visually impaired people while
reading. Whereas, verso dots are concave dots or depressions which are sensed by fingers on the other

side of a Braille document.

Modern education for visually impaired people in Ethiopia has started by the end of August 1924 [5].
Later, in 1934 Braille in Ethiopia was introduced by missionary and was designed by taking the 26
English characters pattern and 8 newly added patterns [13].

In Ethiopia, mainly in Addis Ababa, there are different education centers, such as AAU, Misrach
Center, Entoto Blind people school, for visually impaired people at primary, secondary and tertiary
levels. As a result, there have been massive educational Braille documents produced and used by
visually impaired people. But there is a gap in communication through documents between vision and

visually impaired people [3, 4, 5, 6].

Information in written form plays an undeniably important role in our daily life. From education and
leisure to casual note taking and information exchange, recording and using information encoded in
symbolic form is essential [14]. In order to address this need, the most widely adopted writing

convention among visually impaired people is Braille.

Though the production of Braille documents is relatively easy now, the problem of converting Braille
documents into a computer-readable form still exists. This is a significant problem for two main reasons
[14] . First, there is a wealth of books and documents that only exist in Braille that are deteriorating

and must be preserved (digitized). Second, there is an everyday need for duplicating (the equivalent of



photocopying) Braille documents and for translating Braille documents for use by non- Braille users.

This minimizes the information gap between Braille users and non-Braille users.

Optical Braille Recognition (OBR) systems offer many benefits to Braille users and people who work

with them. An OBR system is interesting due to the following reasons [15]:
e [t is an excellent communication tool for sighted people with the blind writing.

e Braille writing is read using the finger which requires touching the document, for this
reason the book after many readings possibly deteriorated. OBR systems enable to

preserve such valuable documents.

e [t is interesting to store a lot of documents of blind authors which were written in Braille
and were never converted to digital information so that it can be used by the public at

large.

Therefore, recognition of Braille documents automatically using OBR systems is an image processing
work, thus it follows the following fundamental phases [11]: Image acquisition, preprocessing,

segmentation, feature extraction and recognition.

1.2 Statement of the Problem

As Section 1.1 presents, in Ethiopia, there are 1.2 million visually impaired people. These individuals
in their carriers and professions use Braille only to codify their knowledge as a written form. Since the
introduction of Amharic Braille in 1934, there has been significant number of Braille documents that
have been produced and found at different parts of the country: Addis Ababa University Kennedy
Library, Misrach Center, Sebeta Visually Impaired School, German Church Visually Impaired School,
and Ethiopian Association for Blind Society and Entoto Blind People School [3]. This knowledge,
contributed by visually impaired people, is accessed only by those who can read and write Braille
systems. According to Nebye Luel Yohannes, unless there is a smooth information flow from
visually impaired people to sighted people and the reverse, people do not get the necessary
information from visually impaired people [13]. As a result, the work of many visually impaired people

would remain buried. Thus, it creates a wide gap between the visually impaired and sighted people.

Ambharic language is the working language of the Federal Government of Ethiopia. The present writing

system of the language is derived from Geez. The language consists of 34 core characters each



occurring in seven orders, representing syllable combination of a consonant and a vowel [16]. In Braille
writing system, each syllable combination is uniquely represented by Braille code that uses one, two or
three Braille cells. This makes recognition of Amharic Braille different from that of other languages
such as English and Arabic Braille, which are represented by a Braille code that uses only one Braille
cell. As a result, a number of attempts have been made to recognize Amharic Braille documents [3, 4,
5, 6]. However, they are not complete because none of them consider double sided Amharic Braille
documents. In addition to the problems stated on one single sided Amharic Braille, recognition of

double sided Amharic Braille needs the following:

e Identification of recto and verso dots.
e Recognition of Braille cells composed of recto and verso dots separately into the
corresponding Amharic characters, numbers and punctuation marks.

e Separation of overlapped recto and verso dots.

Thus, research and development work on recognition of double sided Braille document is required to

fully benefit from the state of the art of technology.

1.3 Objectives

General Objective

The general objective of this research work is to design a double sided Amharic Braille document

recognition system and test its performance.



Specific Objectives

The specific objectives are:

e Perform an extensive review on previous research works focusing on design of Braille
recognition systems for different languages with their own characters.

e Collect double sided Amharic Braille documents.

e Identify techniques or tools to segment dots from the background and identify the dots
as recto and verso.

e Identify important features to identify a dot as recto or verso and design an algorithm.

e Identify important features to segment overlap of recto and verso dots and design an
algorithm.

e Identify features and techniques to formulate a Braille cell so that the dots are encoded
into a Braille code.

e Perform analysis on the nature of Amharic Braille cells and design a translation algorithm
that can transcode Braille codes to Amharic print text.

e Develop a prototype so as to test performance of the designed algorithms.

1.4 Research Methodology

In order to conduct this research work, the methodologies mentioned below will be used to select and

implement appropriate methods and techniques.
Literature Review

Different literatures like books, journals, proceedings, research papers, etc. will be reviewed to study
different image acquisition, preprocessing, segmentation, feature extraction and recognition
techniques. After that, appropriate tools for the recognition of Amharic Braille documents will be
selected. Moreover, a review will be made in order to understand the domain knowledge: how Amharic
characters, punctuation marks, numbers both Amharic and Arabic have been encoded in to a Braille

code.



Data collection

Ambharic Braille documents embossed in both sides of the Braille will be collected, and preprocessed

for testing from different libraries found in different institutes.
Tools

MATLAB will be used to implement the selected image processing techniques or tools in each image

processing phase and finally used to develop a prototype.
Prototype Development

The performance of the designed system will be tested using a prototype developed on the collected
data. The result will be analyzed and evaluated from which a conclusion and further works will be

recommended.

1.5 Application of Results

From this research work, both visually impaired people and sighted people will benefit by using it as a

communication channel in the following ways:

e [t facilitates access of knowledge or artifacts contributed by visually impaired people for
sighted people without knowledge of reading Braille.

e [t facilitates access of Braille documents in audio format by integrating with text recognition
system for both visually impaired and sighted people.

e [t facilitates communication between visually impaired and sighted people.

1.6 Scope and Limitations

This study focuses on recognition of Amharic characters, punctuation marks, Amharic and Arabic
numerals embossed on both sides of a Braille. The Braille we considered is a fourth version Grade 1
Braille documents. This study is delimited in recognition of Amharic Lablization characters and keep

the structure of Braille documents.

1.7 Organization of the Rest of the Thesis

The remaining part of the thesis is organized as follows. Chapter Two covers literature review. Chapter

Three covers related work which shows efforts of different researchers in recognition of Braille



documents for different languages including Amharic using different methods. The results of each work
are presented with their pros and cons. The Fourth Chapter broadly explains and discusses the design
of double sided Amharic Braille document recognition: Braille image acquisition and preprocessing,
dot segmentation, dot identification, page formulation, transformation and recognition into Amharic
characters. Chapter Five presents performance of the designed Braille recognition system using a

prototype. Finally, Chapter Six summarizes our findings and presents future works.



Chapter Two : Literature Review

In this Chapter points related with Braille system in general, Amharic Braille system in particular,
Braille recognition systems using image processing techniques, the tools and techniques implemented

in each phases of the recognition system are presented.

2.1 Introduction

The Braille, invented by Luis Braille in 1829 is a writing system for visually impaired people [3]. It
contains set of embossed or raised dots called Braille cells to represent characters of different
languages. A single Braille cell is represented by 6 dots arranged in 3 rows and 2 columns numbered
from 1 to 6 as shown in Figure 2.1 (a) [11]. The embossed dots in the cell are transcoded to the
corresponding character depending on the language for which it is written. The 6 dots totally give 2=
64 different possible combinations of Braille cells. Thus, a single Braille cell, also called Braille
character, can represent a single character in English and Arabic languages [7, 8]. However, in Amharic
a single character can use one, two, or three Braille cells. This is to accommodate all the characters,

numbers and punctuation marks of Amharic language [17].

Coming to the standard Braille cell size parameters, a dot has a height of 0.5 mm, vertical and horizontal
spacing between cells is 2.5 and 2.3 mm respectively as shown in Figure 2.1 (b) [11]. Standard Braille
page has a size of 28 x 29 cm with 25 lines, where each line can entertain 40 to 43 Braille cells [11]. A
Braille document can be embossed not only on the single side but also on either of the sides to overcome
space consumption by single sided Braille documents. On double sided Braille, the embossing process
is done with slight diagonal offset to prevent recto and verso dots interference as shown in Figure 2.1

(c) and Figure 2.1 (d) [11].
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Figure 2.1: (a) Braille Cell; (b) Braille Cell Dimension in Millimeters;
(c) Double Sided Braille Image, (d) Inter Point Braille cell
Even though most countries adopt and define their Braille code so as to fit their local language
characters, Braille systems used in the world currently are categorized into two levels [8]: Grade 1

Braille and Grade 2 Braille.

Grade 1 Braille is a form of Braille in which print characters are represented by one Braille cell using
a mode indicator character [8]. The mode indicator 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 or Braille cell, but with “shift” character as an indicator of

others such as upper case, digits, and italics are represented [18].

A Grade 2 Braille is introduced as a result of the rigorous attempt to minimize the volume of Braille

documents by contracting words so as to minimize the time required to read a Braille document as



compared to Grade 1 Braille document [8]. In Grade 2 Braille, context sensitive rules which are
apparently language dependent and frequently used letter groups are used for the contraction of words.
These rules determine the correspondence between one or more Braille cells and the print characters.
For example, in standard English Braille, a Braille symbol may stand for ‘dis’ referring the word
distance when it comes at the beginning of a word and ‘dd’ referring the word ladder when it comes at

the middle of a word [18].

2.2 Ambharic Braille System

Ambharic language is the working language of the Federal Government of Ethiopia. The present writing

system of the language is derived from Geez [16]. The language consists of 33 core characters and one
additional character ‘0. Each occurs in seven orders, representing syllable combination of a consonant

and a vowel (see Annex A). In addition to the 238 characters, Amharic language contains 44

labialization characters (see Annex B).

Ambharic writing system uses both Ethiopic and Hindu Arabic numerals to represent numbers (see
Annex C). The Ethiopic numeral doesn’t have symbols to represent a zero, negative numbers, decimal
points, and mathematical operators to perform mathematical operations. The writing system of Amharic

also uses punctuation marks (see Annex D).

In Ethiopia, Amharic Braille system was first introduced in 1923 by American Missionary Schools to
deliver education for visually impaired people. The Braille system now reaches its fourth version by

incorporating different improvements for different reasons [19].

The first version was comprehensive and complete even though it did not work for Ge’ez characters

[13]. This version was revised for the first time in 1952 for the following two amendments [19]:

e To eliminate the redundant Amharic characters like (Uichi), (A70) and ()

e To replace Amharic numerals with Arabic numerals.

In this version (Second Version), all forms of Amharic characters except the first (Ge’ez) and the sixth
(Sadis) forms were represented using vowels. Four years later in 1956 a third version Amharic Braille
system was introduced by including vowel for the first characters. However, it was finally revised in
2001 to give the fourth version Amharic Braille. Despite the introduction of the fourth version, the third

version is still widely used by the blind community in Ethiopia.
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The major issues of the Braille improvement committee established for the fourth version of Amharic
Braille documents were 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 [19]. The committee decided the
following [19]:

e The number of Braille codes was decided to be equal to the print characters.

e Modification of the punctuation marks was done mostly borrowed from the English

language.

e Formation of Grade 2 Braille was deferred until Grade 1 Braille gets legal recognition.

e Yared musical symbols were decided to be discussed with professionals.

e It was also decided to use either of the American or the British system for

Mathematical symbols.

Finally, the fourth version Amharic Braille was approved and distributed for use by different

institutions that work with visually impaired people [19].

A single Braille cell represents a single character in English and Arabic languages that uses variants of
characters not more than 2°=64 characters. However, a single Amharic character needs one, two or
three Braille cells as shown in Table 2.1 and Table 2.2 for consonants and vowels respectively [17].
For instance, the character ‘v’ is syllable combination of the consonant ‘v’ and the vowel “A’. It is
represented by two Braille cells combination ‘1:2:5” and ‘2:6” as shown in Figure 2.2, which are Braille

codes of ‘v’ and “A’ respectively.

|l @ O 4 1 © © 4
2 @ @ 5 2 @ O 5
30 0 6 3 0 @ 6

Figure 2.2: Braille Code for Amharic Character ‘U’
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Table 2.1: Fourth Version Amharic Consonants Braille Code Representation

Character Variants Braille Code Character Variants Braille Code
v 1:2:5 h 2:3:6
a 1:2:3 - 2:4:5:6
ch 1:2:6 0 1:2:5:6
7 1:3:4 L 1:3:5:6
- 2:3:4 r 3:5:6
C 1:2:3:5 L 1:3:4:5:6
0 1:4:5:6 £ 1:4:5
ﬁ 1:4:6 [ 2:4:5
¢ 1:2:3:4:5 i 1:2:4:5
Nl 1:2 T 2:3:4:5:6
+ 2:3:4:5 w 1:4
t 1:6 & 2:3:5
g 1:5:6 0 1:2:3:4:6
Y 1:3:4:5 & 2:3:4:6
K 3:4:6 & 1:2:4
A 1:2:3:5:6 T 1:2:3:4
n 1:3 Al 1:2:3:6
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Table 2.2: Fourth Version Amharic Vowels Braille Code Representation

Variants Ge’ez Ka’eb Salis Rab’e Hamis Sadis Sab’e
Vowels A e A, A b A A
Braille Code  2:6 1:3:6 2:4 1 1:5 - 1:3:5

Similar to the Ambharic characters, in the fourth version Amharic Braille punctuation marks use one,
two or three Braille cells as shown in Table 2.3. However, the Ge’ez and Arabic numerals are
represented by the same Braille code as shown in Table 2.4. In order to differentiate which number
system is represented by a Braille code, a mode indicator is used. The mode indicator is a Braille cell
that tells Braille readers to recognize the next Braille cell is a Ge’ez or an Arabic number [14]. The
mode indicators are represented by Braille codes of 3:4:5:6 and 1:2:3:4:5:6 for Arabic and Ge’ez

number systems respectively [17].

Table 2.3: Amharic Punctuations and Symbols Braille Code Representation

Punctuations Braille Code Punctuations Braille Code

3 H 2:5:6

3 2 ! 2:3:5

- 2:5 3,3and3

? 2:3:6 0 2:3:5:6

H 2:3 hG oL 3:4

/ Sand?2 - 3:6

‘ 4 and 1 “ 2:3:6

¥ 3:5 and 3:5 $ 4:5

13



Table 2.4: Amharic and Arabic Numerals Braille Code Representation

Ge’ez No Arabic No Braille Code

1
1:2
1:4

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

MEDSTR=ATEE) S IS DS S o D IR (<) IS o B -1~ S [
S O 0 9N R WD -

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 ways to write on a Braille
paper that result in a tactile output [20]. Devices 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 [21].

A Braille embosser is also another device used for producing Braille documents. As in print documents,
Braille character embossing or writing starts from the top of a document left to right down to the bottom
of the Braille paper [17]. All dots on a Braille page should fall on an orthogonal grid. This is very
important, when Braille characters are printed double sided as the grid of the inter-point text is shifted

so that the dots fall in between the primary side dots [4].

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. Braille reading starts from the top of a
document right to left down to the bottom of the Braille paper [17]. Due to this nature, 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 reading can typically read at a rate of 125 to 200 words per minute. On average,
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eighth grade students can read 205 words per minute, and college students read 280 words per minute

according to University of Buffalo [17].

2.3 Braille Recognition System

A Braille image recognition system consists of image acquisition and pre-processing, segmentation,
feature extraction and interpretation [9]. Braille documents are of two types; single sided and double
sided Braille [8]. In single sided Braille document embossing is created on one side, thus the recognition
is easier as compared to double sided Braille document since in the latter case the embossing is done

on both sides of the document with a small diagonal offset [§].

Image acquisition is the first step in any pattern recognition system. In Braille recognition systems, data
is provided to the system in the form of images of Braille embossed pages. The process of acquiring
these images digitally can be achieved by using a number of different equipment such as scanners or

digital cameras, both of which have been used by developers and researchers [22].

Image preprocessing is an essential step to detect and eliminate noise, deformation, bad illumination or
blurring. Image pre-processing can be used for image enhancement by reducing noise, sharpening
images, or rotating a skewed page [9]. The preprocessing step has to deal with also binarization. Since

analysis of a binary image is much simpler than that of gray-scale images [9].

In image segmentation stage, the regions in the image corresponding to Braille dots are identified. Each
dot in a scanned Braille image is composed of light and dark areas separated by background. In a gray-
level image a dot is represented by a combination of a dark and a light region. Braille dots manifest

themselves in the image as white and black region pairs [8].

Feature extraction is a representational mechanism of the Braille image. The function of feature
extraction is to extract the Braille dots from the image and group them into cells. Extracting features

from sub images that come from segmentation stage helps to simplify the recognition process.

Interpretation converts the Braille cells into their corresponding language text. At this stage, an
orthogonal, binary image without noise is obtained [9]. The work of this phase is to group the Braille

dots into cells and converts them into their equivalent characters.
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2.4 Image Acquisition and Preprocessing

Image acquisition is the first step in Braille recognition process. Devices like digital camera and flatbed
scanner are means of acquiring a Braille document in a digital form. Attempts in [23, 24],
predominantly older ones, have been to recognize Braille by capturing the Braille image using camera.
In image acquisition using camera, the Braille document is illuminated under an oblique angle so
that it reveals shadows from the Braille dots. However, it introduces some complexities such as,
aberrations, irregular lightness, and relatively low resolution among dots [25]. This brings
computationally expensive procedures to overcome these problems [12]. Hence, recent works [8, 25,
12] decided for a commercially available flatbed scanner to obtain Braille images digitally. They used
flatbed scanner because it is quick, easy and cost effective. Researches use scanner for different scanner
resolutions. However, a very high above 200dpi is not recommended as it may add too much
detail into the image [26], which may tarnish the image and thus will have adverse effects on

subsequent procedures.

Preprocessing is another important activity in the Braille recognition process. It refers to the process
by which error correction is made that is crucial for the smoothing functions as a subsequent procedure.
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 [3, 8]. Some of the preprocessing tools used by researchers are as

follows:

Median filter

Median Filter is a simple and non-linear filter which works based on order statistics. Median filtering
is very widely used in digital image processing because it preserves edges while removing
impulse noise that are caused by the amount of intensity variation between one pixel and the
other pixel. Median filter gives better result in the presence of impulse noise on binary images [11].

Gaussian Filters and Their Derivatives

Efforts in [3, 9] applied low pass spatial Gaussian filter to attenuate the high spatial frequency noise
from the image, and preserves the detailed edge information of the Braille dots using derivatives

of the Gaussian filters. These preprocessing tools are selected due to the following properties [27] :
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1. Directional isotropy: That is to say, in polar coordinates they depend on radius only.

2. Separable along x and y coordinates as g(x) and g(y) as shown in Equation 2 for performance
optimization during convolution operation.

3. Simultaneous concentration in the spatial and the frequency domain.

The two dimensional Gaussian Filter g(x, y) is given by Equation 1.

1
2162

where § is the standard deviation.

_(x2 + yz))
exp = 2587 (1)

glx,y) =

The 2D Gaussian is more efficiently computed from convolution of two conscutivel D Gaussian filters,

g(x) and g(y) shown in Equation 2.

_ 1D _ 1 D
gx) = =sexp 26* and g(y) ==z 2% (2)
During the scanning process, Braille pages may not be aligned correctly. As a result, several researches
dealt with correction of image tilting. Mennens et al. [26] used Discreet Fourier Transform to calculate
the rotation angle in an attempt to de-skew tilted Braille pages. As stated in [25] a Hough transform'

corrects tilted images by identifying the precise orientation of the rows, and rotate them accordingly.

2.5 Braille Dot Segmentation

Braille dot segmentation, which refers to separation of dots from the background, is vital in any Braille
recognition system. As stated in [3], direction field tensor segmenting dots from the background better
than gradient field. Direction field tensor computes the differences in the intensity of pixels by giving
attention to linear structures [27]. However, using gradient field, it is not possible to analyze whether a

pixel fits to a line structure or not [28].
Gradient field

It is a tool used for estimation of local direction of pixels in an image neighborhood by computing the
change or gradient of intensity variation of the neighborhood pixels both in magnitude and direction
[28]. However, during the computation of the gradient field, it is not possible to analyze whether a pixel

fits to a line structure or not. Thus, the results obtained from the gradient field are not optimal solutions

! Hough transform is an algorithm used to detect lines in an image. Available at
http://www.mathworks.com/help/images/ref/hough.html
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to extract linear patterns over images. In addition, a linear structure will have two groups of opposite
directions in the gradient field, averaging them over a window gives large deviations due to cancellation
effects [28]. As a result, gradient field uses single angle representation 0-360° to show the direction of
the linear structures. From the International Communication on Illumination (CIE) color laboratory
[29], yellow color and its derivative represent angle values ranging between 0 and 180°, and blue color
and its derivatives represent angle values ranging between 180° and 360°;

The gradient field of a pixel value f over an image at positions x and y, for local neighborhood f(x, y)

is computed by using Gaussian derivative operators Dx and Dy as shown in Equation 3 [28].

v = || oo + in)paxdy ©

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

operator Dx + iDy is defined as shown in Equation 4.

d d
Dy +iDy = oo + i (4)

Direction Field Tensor

Unlike a gradient field, direction field computes the differences in the intensity of pixels by giving
attention to linear structures [27]. This suppresses noises in a noisy image. This is performed by
computing the direction field tensor (S) by pixel wise complex squaring. This avoids the cancellation
effect seen on gradient field. Direction field tensor uses single angle representation (0-180°) to represent
the direction of the direction field tensor. For a local neighborhood f(x, y) of an image f, the direction
field tensor, also called the structure tensor S, is computed as a 2 x 2 symmetric matrix using derivative

operators Dx and Dy as shown in Equation 5 [27, 28].

f (Def)2dxdy f (DL)(D, fdxdy
f (Do) (D, f)d xdy f (D, f)2dxdy

Edges are places over an image where linear symmetry exists. This is because there is a gray intensity

§= (5)

change in such areas [28]. Existence of linear symmetry in such areas can be estimated by eigenvalue

analysis of the direction field tensor or equivalently by using complex moments of order (Ima) given in
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Equation 6 [28]. Among the complex moments two of them are I;1 (magnitude of the direction field
tensor) and I»o (direction of direction field tensor) computed as shown in Equations 7 and 8 respectively

[27,28].

b = || (02 + D) D™D, — DY dxdy ©)
Ij; = ff |(Dy + iDy)f|?dxdy (7)

Ly = j J (D + iDy)f)Z dxdy (8)

2.6 Braille Cell Formulation

Once the Braille dots are segmented from the background, the dots are formulated in to a cell. A cell is
a region that contains the dots, from which a Braille code is derived as discussed in Section 1.1.

Different researchers used different methods to formulate Braille cells.

Among the methods half character? detection is used to determine the location of the dot, this is selected
because for English characters 16 of them don’t use the two columns of a Braille cell and dealing with
single column is easier than two columns [7]. The half characters are transcoded into a Braille codes
using probabilistic neural network [7]. However, instead of applying a model like neural network,
which makes predictions, a simple analysis of the dot gives better result [8]. This is mainly because
the meaning of one Braille cell code can easily be converted to the corresponding print character by

checking presence or absence of dots in a Braille dot position [8].

Mennens [22] used a method that constructs horizontal and vertical grid lines. The intersections of these
lines are probable positions for Braille dots. The Braille cells are then formulated out of the constructed
grid. This technique, however, does not tolerate a slight deviation of the grid from the dot position
because the grid is fixed. Antonacopoulos and Bridson [25] used the same technique, but the grid is
designed in a relatively flexible manner. This does not require alignment of Braille dots with the grid,
because they use two frequency histograms that show distribution of the horizontal and vertical lines
of the grid. Each histogram has two pick values, for instance, the pick values of a histogram for the

horizontal lines shows vertical distance between dots in the same Braille cell (inter distance) and the

2 Half Character refers detection or recognition of a single column (only right or left column) of a Braille cell.
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vertical distance between Braille cells (intra distance). However, this has its own problem when the

Braille document has large skew which can be corrected using Hough transform [25].

A window of size equals to the Braille cell is used to formulate a Braille cell [8, 12]. The window has
six compartments arranged in three rows and two columns. The presence of a dot is checked in the
compartments. A binary value of 1 (presence of a dot) or O (absence of a dot) is set for each

compartments [8]. Finally, the binary string is formulated for each Braille cell.

2.7 Braille Cell Translation

Braille cell translation refers to the step in which the Braille codes are analyzed and translated into a
print character. Most of the researches tend to use a Braille dictionary or lookups to do the translation

into text after they examine the dot positions of the Braille cells.

According to [12, 30], the binary string formulated during Braille cell formulation is translated into a
print text using appropriate look up tables. In a similar manner, the authors in [9] checked the dot
position of a Braille cell against a Braille dictionary or lookup tables to translate into the appropriate
character, which is grouped into words. Researchers in [8] use a binary string that shows presence or
absence of a dot, but the binary string that represents a single Braille cell is further converted into a
decimal code using Equation 9. Finally, the decimal code is further converted in to the corresponding

character using lookup tables [8].

Decimal Code = by + by 21 + b3 22 + b, * 23 + bg * 2* + bg + 2° (9)

where b;= binary value of the i dot

The technique mentioned above works only for translation of Gradel Braille documents. In Grade 2
Braille documents, the correspondence between Braille cells and print characters is not one to one. As
aresult Blenkhorn [18] uses the finite state system to hold the current context. This is because in Grade

2 Braille, different Braille codes have different meanings depending on the context.

2.8 Summary

Braille is a writing system for visually impaired people. It is used to represent characters of different
languages. Depending on the number of characters used by different languages, a single character may
use one, two or three Braille cells. For instance, most of the characters (syllable combination of vowel

and consonant) in Amharic language used two Braille cells. This makes Amharic Braille system
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different from Braille systems of other languages. Thus, Amharic Braille system needs its own

recognition system.

A Braille recognition system is an automated system that translates Braille documents into print text.
A Braille recognition system is an image processing work which passes through the following phases:
Braille image acquisition and preprocessing, Braille dot segmentation, Braille cell formulation and
Braille cell translation. In each phase, different researchers use different tools and techniques in

conducting their research work.

We have seen from the literature that image acquisition with resolution power more than 200 dpi is not
recommended. Segmentation of dots from the background is best using direction field tensor because
it removes noise by considering linear structure and Braille cell formulation using sliding window is

better than any other technique in order to optimize the recognition performance.
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Chapter Three : Related Work

3.1 Introduction

Researchers have been trying to design and develop Braille document recognizer which is called OBR
system for different languages. This is due to its importance for visually impaired people to
communicate with sighted people or with each other. A Braille document recognition is made using
different tools and techniques for different purpose. Researchers select different tools and techniques
depending on the problem they attempted, because Braille documents vary from single to double sided,

and from clean to noisy documents.

Different researchers have been investigating a design for Amharic Braille document recognition since
2009. From that onwards, the researchers designed an OBR system that can recognize Amharic Braille
documents. Their attempt differs in the type of Braille document they select (clean and noisy single
sided Braille documents) and the methods used to solve problems. The common problems of all
researchers is that they are unable to address recognition of double sided Amharic Braille documents.
In this Chapter, we presented the different approaches, tools and techniques used by the researchers. In
addition, we covered recognition of double sided Braille documents conducted by researchers for
Arabic, English and Bangla characters. Finally, we tried to summarize the gap of each work in a

summary section.
3.2 Braille Recognition Systems for Foreign Languages

Braille recognition systems presented in this section are designed using image processing techniques.
Ultimately, the techniques are applied in order to differentiate recto and verso dots based on the features
observed on the original Braille documents. On the original image, there are three classes of useful
information (shadows, light area, and background) [8, 25]. The order of appearance of these features
from top to bottom is used to differentiate the dots as recto and verso [8]. The following works briefly

explain how these features are used to identify the dots.
Arabic Braille Recognition

A research conducted by Abdul Malik, ef al, [8] on double sided Arabic Braille recognition. In this
work, Braille image is scanned using flatbed scanner. The scanned image is then converted to a gray

scale image in order to decrease its complexity which can be colored. In order to correct image tilting,
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a binary search algorithm is designed, which tolerates a maximum tilting angle of 4 degrees both on
the left and right directions. An image thresholding algorithm has been developed to examine each
pixel value in the image so as to classify a pixel into one of the three classes (dark, light and

background) based on variation of intensity level.

The thresholding algorithm has two threshold values, low(L) and high (H), calculated based on the

following Equations 10 - 13 after removing edge effect of the gray scaled Braille image , 1.

a= %(mean(max(l)) + avg) (10)

b= %(mean(min(l)) + avg) (11)
1

L=avg — g(avg — min_avg) (12)
1

H = avg + §(max_avg —avg) (13)

where max (I) and min (I) represent the highest and lowest values respectively in each column
of the array I, avg represents average gray level for the whole image and min_avg represents
the average of all values less than b and max_avg represents the average of all values higher

than a.

Using these threshold values, dot part detection algorithm is used to classify a dot as recto (contains
bright region at the top and dark at the bottom) or verso (contains dark region at the top and bright at
the bottom). After identifying recto and verso dots, the researchers designed a whole dot detection
algorithm that represent dots (recto or verso) into dots of size 4x4 at their position based on the features
extracted; dark followed by bright as recto and bright followed by dark as verso from top to bottom.
Finally, they designed an algorithm to recognize a Braille cell into its corresponding Arabic character.
The system is tested for a variety of A4 scanned Arabic Braille documents and achieved an accuracy

0f 99 % in detecting and identifying a dot as recto or verso.

23



English Braille Recognition

An effort in [31], focuses on segmentation of recto and verso dots after converting scanned Braille
image into a gray scale image 1. They designed a thresholding algorithm with single threshold value V

computed by Equation 14.
V =max(/) — 10 (14)

Where max (I) is the maximum pixel intensity value of the gray scale image.

The gray scaled Braille image is converted into a binary image using this threshold value. Pixels of the
image whose intensity value is less than the threshold value (V) and greater than the threshold value
are assigned as 0 (Background) and 1 (dots). Median filter is applied to remove impulse noises created
during thresholding. From the binarized image, the area and position of each dot (Recto and Verso) had
been determined, then the centroids of the dots are marked on the original gray scale image. A mask of
size 13x10 is designed and placed at the centroid of each dot on the gray scale image. The mask is used
to count the number of pixels with intensity value of less than 200. They have found recto dots have
less than 20 pixels and verso dots have more than 20 pixels with intensity value less than 200. However,
the experiment is tested on a controlled environment. The Braille document used contains recto and
verso dots in separate region as shown in Figure 3.1 [31]. Moreover, their work doesn’t include Braille

cell formulation and Translation of the Braille code into print text.

Figure 3.1: Controlled Double Sided Braille Image
A research work conducted in [25] uses a thresholding algorithm to extract features of a dot. The
algorithm is applied in order to categorize pixel values over the image into three categories only. Black

region referring the shadow, white region referring the highlights and mid gray referring the background.
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After segmenting the dots from the background, the researchers look for pair of white and dark region
and the order of their appearance. According to their work, if white region comes next to dark region,
the dot is categorized as recto dot. However, if the reverse exists the dot is categorized as verso dot.
After knowing the dots, a grid is formulated for each set of the dots based on inter character distance,
inter line distance, character height and character width. The intersection points of the grid tells the

location of the dots.

In each of the two grid, dot positions are examined for each Braille character or Braille cell. If a dot
exists, a bit (1) corresponding to its existence is switched on. Otherwise, a bit (0) is used. The bit values
of a Braille character is converted to the corresponding English character. For instance, in this work, the
character ‘A’ is represented with bit value of (000001) in six bits Braille character or (00000001) in
eight bit Braille character.

This work has a character validation component which enhances the recognition performance. This
component corrects characters by analyzing the whole translated print text at word level. The whole
translated text is split into words. Existence of each word is looked up in the dictionary. Words that exist
in the dictionary are left unchanged. However, words that do not exist are corrected by removing or

introducing one or more dots into the Braille character until the appropriate word is found.

The performance of this work is tested for variety of documents. They achieved dot identification

performance of 99% and translation performance of 98.7% for good quality documents.
Bangla Braille Recognition

According to a research conducted by Santanu et al. [32], Bangla language has letters (consonants and
vowel), punctuations, and numbers. Some of the Bangla characters use two Braille cells (Braille
characters). They adopt boundary detection technique of [9] in segmenting dots (recto and verso) from
the background. They used fixed windows in formulating Braille cells. The use of fixed size window
does not produce an anomaly because it is verified that the distance of inter-dot, inter-cell and line
spacing are fixed as discussed in Section 2.1. They defined three windows. A window that contains
Braille characters, cell window, and a window that fills space between Braille characters, inter cell
window, and a window that fills the gap between character lines, line window. In the decoding phase,
they designed an algorithm that decodes the Braille characters or cells into the corresponding binary

code. Finally, the binary code is translated into the corresponding Bangla character.
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3.3 Ambharic Braille Recognition Systems

There were few attempts in recognition of Braille image for Amharic language. We discussed the
different researches conducted so far in recognition of Amharic Braille documents using different

approaches. The methodology, tools and results of their efforts are explained as follows.

As a pioneer research, Teshome Alemu [5] designed an OBR system. The researcher used a flatbed
scanner whose resolution is adjusted to 200dpi to acquire Braille documents as an image. The work
focused on recognition of single and clean Braille documents. The author applied global thresholding
for binarization. That is to segment the Braille dots from the background, after segmenting Braille dots
the author used mesh-grid technique for segmentation and feature extraction of Braille cells, and finally
the author applied probabilistic neural network classification technique for recognition of the Braille
cell into Amharic characters. The author trained the system with 267 Ambharic Braille characters and
tested it on features extracted from clean Braille documents only and attained a performance of 92.5

% accuracy.

As a continuation of the above work, Ebrahim Chekol [4] further explored the possibility of designing
Ambharic Braille recognizer that works with noisy Braille documents. The attempt focused only on the
preprocessing phase of Braille image recognition. The author used Gaussian filters and morphological
operators to remove noise. Finally, the author adopted Teshome Alemu’s effort for segmentation
feature extraction and recognition of the Braille documents into print text. The author tested the system
with different level real life Braille documents and achieved a performance of 95.5 %, 95.5 %, 90 %,

and 65 % for clean, small-level, medium-level, and high-level noise Braille documents respectively.

Miftah Hassen and Yaregal Assabie [3] explored recognition of Amharic Braille documents using
direction field tensor in order to enhance performance of the recognition. The researchers used the low
and high pass spatial Gaussian filters and the derivatives of the Gaussian filter combined with direction
Field tensor for noise removal and edge detection respectively. The authors used skewness correction

to prevent image tilting which has a great impact in the recognition process. The authors designed a
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new algorithm using a global slope® and local slope* derived from global slope. This algorithm can
tolerate a maximum tilting angle of 5 degrees.

Over the Gaussian filters and their derivatives the author applied direction field tensor for segmentation
of dots from the background. Direction field tensor is selected over a gradient field. Because direction
field removes noise by amplifying linear structures (dots) and suppressing nonlinear structures (noises).
Normalization of intensity variation across the Braille document and thresholding combined with

direction field tensor segment dots from the background.

Combination of half character recognition followed by half character detection is used in order to
formulate and encode Braille cells into Braille codes. The half character detection algorithm works on
one column of a Braille cell than the two columns. A half character detection algorithm has a single

value for a single column as shown in Table 3.1 [3].

The values are recognized based on the total height of a column. However, there are different values
with same height. For instance, columns with single dot (values of 1, 2 and 4), columns with values 3
and 6, and columns with values 5 and 7 have the same height. Thus, further analysis is performed to
find dot position. Moreover, analysis on a distance between columns is performed before combining
the half character values in order to formulate a Braille cell and encode into its corresponding Braille

code.

Finally, a translation algorithm is designed to translate the Braille codes mapped to Unicode values of
Ambharic characters into print text using lookup tables. The performance of their work was tested for

different quality levels of Braille documents and achieved an average accuracy value of 98.5%.

3 Global slope is average of local slope.
4 Local slope is slope of each Braille cell line calculated using the position (x, y) of the first and last dots found on the
same line.
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Table 3.1: Half Character Values

Half Character Value
(o)
o 1
@
(o]
) 2
o
(o)
o 3
(]
o
o 4
o
@
o 5
@
(]
™Y 6
(o]
(]
o 7
@

From the result of the Braille cell formulation algorithms (half character detection and half character
recognition) used in their attempt as shown in Figure 3.2 [3]. We inferred their translation algorithm
translates from left to right. But, this contradicts with the Braille reading direction by Braille readers
which is right to left down ward as discussed in Section 2.2 unless a transformation algorithm is
implemented to turn the page or the Braille document should be scanned in its verso side as we have
discussed in Section 4.7. In addition, as discussed in Section 2.6, half character detection algorithm is

more effective for English language with 16 characters which don’t use both columns of a Braille cell.
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Figure 3.2: Braille Cell Formulation

3.4 Summary

Research works conducted in recognition of Amharic Braille documents focused only on single sided
Braille documents. Recognition of double sided Braille documents designed for other languages cannot
be applied directly to Amharic characters because the techniques and algorithms used to encode a
Braille cell to a Braille code and translation of the code to a print text differs. From the related works,
we observed that Amharic language has large number of characters; most of the characters use two
Braille cells unlike that of English and Arabic characters which use one Braille cell only. Thus,
encoding and translation process needs further work. That includes; how each character is represented
using Braille code, and how the Braille codes should be translated into its equivalent print text.
Moreover, none of them considered segmentation of overlapping dots into recto and verso dots. In this
work, we conduct a research work that tries to fill the gaps mentioned by adopting the segmentation

technique used in recognition of single sided Amharic Braille documents using direction field tensor.
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Chapter Four : Designing Amharic Braille Recognition System

4.1 Introduction

As described in different research works, recognition of Braille images into the corresponding text using
digital image processing passes through different phases: Braille image acquisition, preprocessing,
segmentation, and recognition. In this Chapter, we propose a design for recognition of double sided
Ambharic Braille documents. The sections in this chapter present details of components of the proposed
architecture. Section 4.2 presents the general overview of the proposed system architecture. Section 4.3
presents Braille image acquisition and preprocessing techniques. Section 4.4 explains segmentation of
dots from the background. Section 4.5 briefly explains and discusses the tools and techniques used to
identify recto and verso dots. Section 4.6 explains separation of recto and verso dots as two different
images or pages. Section 4.7 explains the need for concept of transformation in double sided Braille
image recognition. Section 4.8 explains the techniques applied in formulating Braille dots into the
corresponding Braille code. After the dots are formulated to a Braille code, a design for the translation

process is presented. Finally, a summary for the chapter is briefly presented in the last section.

4.2 The Proposed Amharic Braille Recognition System Architecture

The system architecture shown in Figure 4.1 is the proposed architecture for recognition of double sided
Ambharic Braille documents. It consists of six components working together: Braille image acquisition
and preprocessing, Braille dot segmentation, Braille dot identification, page formulation, transformation
and recognition. The shaded components on the architecture are adopted from an attempt of Miftah

Hassen and Yaregal Assabie [3] with changes in algorithms used in the recognition component.

The first component acquires a Braille image using a scanner at 200dpi, and preprocesses the acquired
image using Gaussian filters. The second component segments Braille dots from the background using
direction field tensor. The third component identifies the segmented dots (isolated and overlapping dots)
as recto and verso using gradient field and Braille dot attributes. The fourth component separates recto
and verso dots into different images (recto and verso pages) containing recto and verso dots only. In the
transformation component, dots on the recto page are mirrored using a vertical symmetric line, in order
to use the same translation algorithm as verso dots. Moreover, in this component wrongly scanned
Braille pages are rotated by 180° automatically by the system when the translation performance is less

than a threshold value. A translation performance of a Braille recognition system greater than the
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threshold value, shows a Braille image is scanned in its correct direction, while if it is less than the
threshold value, it shows the page is scanned in opposite direction. Therefore, the page should be
reversed. However, for noisy documents, the translation performance can be less than the threshold
value even if they are correctly scanned. Thus to prevent infinite loop, a Braille page (noisy or clean)
should be rotated only once. In the recognition component, Braille cells are formulated using Braille
cell attributes. Then after, each Braille cell is encoded into Braille codes. Finally, the Braille codes are

translated into print text using lookup tables. The details of each component and how they are working

are briefly explained in the following sections.

Braille Image

l

Braille Image Transformation
Acquisition &
Preprocessing . .
»|  Reflection Rotation <
Braille Dot /
Segmentation
(TP < Threshold Value)
l And
Recto Page (No of Rotation < 2)
Braille Dot
Identification
l / Recognition
\ 4

Page Formulation

A 4

——— Verso Page Braille Cell Formulation

Braille Code Translation

) S

Print Text

Figure 4.1: Architecture of the Proposed Double Sided Braille Recognition System
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4.3 Image Acquisition and Preprocessing

This is the first step in digital image processing. For this system, double sided Braille image is scanned
using HP scanner with image resolution of 200dpi in JPEG format.

In most low cost scanners, the document page is illuminated from an offset angle. The direct implication
for Braille documents is that the illumination of a protrusions (Recto Dots) and depressions (Verso
dots) in that page will not be even. The face of the protrusion or depression, which is angled towards
the light source, will be more brightly lit and the face of the protrusion or depression angled away from
the light source will be considerably less brightly lit. It is this property that can be exploited to enable

the recognition of double sided Braille documents.

A scanned Braille page appears with a mid-gray background, and for each protrusion and depression a
bright light and a shadow pair exist along the scanning direction. The order in which the shadow and
the bright pair appearance for each dot depends upon the model of the scanner involved. Most models
represent protrusions as bright light followed by shadow and depressions as shadow followed by bright
light as shown in Figure 4.2, while some scanners produce the reverse. The scanner used with this
system produces the former pattern and the possibility to reconfigure the system to work with other

scanners is provided.

Figure 4.2: Original Gray Scale Image

After acquiring the Braille image, the image should be preprocessed for further investigation. The
preprocessing step is vital in removing unnecessary parts called impulse noise over the Braille image.

This design uses Gaussian filter and its derivatives in removing noise. The low pass spatial Gaussian
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filter and its derivatives are selected and implemented successively. The low pass spatial filter attenuate
the high spatial frequency noise from the image and the high pass filter preserves the detailed edge

information of the Braille dots.

In the preprocessing phase, the original image which is RGB, is converted in to gray scale for
performance optimization because dealing with gray scale image (two dimensional) is easier than RGB
(three dimensional) image. In order to remove impulse noises and keep edges of the Braille dots, the
image (I) is convolved with 1D Gaussian kernels (gx and gy ) and 1D Gaussian derivative kernels (dx

and dy) as shown in Equations 15 and 16 [3]:
dxl = gy * (dx *I) (15)

dyl = gx = (dy = I) (16)

4.4 Braille Dot Segmentation

In this stage, Braille dots are segmented from the background based on the features of the preprocessed
image using direction field tensor. Direction field tensor computes the differences in the intensity of
pixels giving attention to linear structures (dots) because it uses double angle representation (0-180°)
[3]. This avoids cancelation effects that exist in images computed by gradient field. Direction field
tensor has an advantage of segmenting dots from the background by avoiding dominance of noises in

noisy image [3].

In order to segment dots from the background using direction field, we compute the orientation tensor
(I20) by pixel wise complex squaring and its magnitude (I11) using Equations 17 and 18 [3]. These

eigenvalues are averaged by large Gaussian kernels in order to remove extreme values.

0 = (dxI + i * dyl)? (17)
I;; = abs (Iy) (18)
where:

11s the imaginary unit number equals to the square root of -1,
T20is angle of the direction field tensor along which the intensity changing and

111 is magnitude of the direction field tensor.
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From the above procedures, finally we get two eigenvalue analyses I11 and Io from the direction field
tensor. We use intensity strength or magnitude of the dots (I11) of direction field tensor to significantly

segment dots from the background as shown in Figure 4.3 by removing noise.

Figure 4.3: Direction Field Image, 1;,

The 111 image shown in Figure 4.3 is then binarized with some threshold value generated automatically.
But this image has holes on the dots and a white border line which are inside edges of the dots, and the
image created on the 111 image. As a result, morphological operators are used to fill holes and remove

border lines. Finally, we get the binary image show in Figure 4.4.

Figure 4.4: Binary Equivalent of I;; Image
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4.5 Braille Dot Identification

This is the crucial stage at which the segmented Braille dots from the background in Section 4.4 are
identified as recto or verso using gradient field and attributes of dots such as centroid, orientation and
area. Image computation using gradient field has two groups of linear structures in opposite directions
which results in a cancelation effect. As a result, gradient field uses a single angle representation (0-
360°). This angle representation shows to which direction the intensity is changing. We used this
property of the gradient field to differentiate recto and verso dots which shows features of recto and
verso dots in the preprocessed image shown in Figure 4.2. The gradient field of this image (I) and

gradient angle of each pixel are computed by Equations 19 and 20 respectively [27].

Lo =dxIl +ix*dyl (19)
_1,4yI
gAng = tan 1(d—zl (20)
where:

11s the imaginary unit number equals to square root of -1,
I o is the gradient field image and

gAng is gradient angle at which the intensity is changing over the output G for each pixel.

From the above procedures, we get two eigenvalue analyses 110 and gAng. The gradient field output 1o

is shown in Figure 4.5, from which the gradient angle (gAng) is computed.

Figure 4.5: Gradient Field Image, 1,9
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From the gradient field image shown in Figure 4.5, we can see upper and lower parts of an isolated
recto dot are represented with high intensity value of Yellow and low intensity value of Blue colors
respectively. From the CIE color lab presented in Section 2.5, Yellow color and its derivatives represent
angle values ranging between 0 and 180° and Blue color and its derivatives represent angle values
ranging between 180° and 360°. Whereas, verso dots use the same color representation on the upper
and lower part of the dot but low intensity level for Yellow and high intensity level for Blue as shown
in Figure 4.6. This variation happens because of the following reason. For the recto dots the gray
intensity level changes from bright to dark gray level from top to bottom. However, for the verso dots

the gray intensity level changes from dark to bright gray level as shown in Figure 4.2.

This creates variation in number of pixels, angle of intensity level for each pixel changes in the direction
between 0 and 180°, and between 180° and 360° for a given dot. Our experiment shows recto dot has
large number of pixels whose intensity level changes in angles ranging between 0 and 180° and verso

dot has large number of pixels whose intensity level changes in angles ranging between 180° and 360°.

(a) Recto Dots (b) Verso Dots

Figure 4.6: Features of Recto and Verso Dots from Gradient Field

By incorporating the two features, gradient angle which is extracted from the gradient field image and
pixel value of the binary image which is extracted from I;1 image of the direction field, we extract the
following features as depicted in Figure 4.7. A dot has gray (0.5) and white (1) regions or pixels. The
gray region of the dot shows pixels with gradient angle less than 180°, and the white region of the dot

shows pixels with gradient angle greater than 180°.
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Figure 4.7: Dot Features from Angle Variations

Using these features (Figure 4.7) an isolated dot can be identified as recto (a dot with gray intensity
domination), and verso (a dot with white intensity domination). The problem with these features is
separating overlapping dots and identifying the separated dots as recto or verso. Figure 4.7 shows the
overlapping exists in two ways: Vertical and horizontal overlapping of dots. The former case is easy to
separate the dots, because at the junction of the overlapping, a pixel with gray value comes next to a
pixel with white. Therefore, this feature is used to segment or separate overlapping of dots in the vertical
direction using morphological operator. The operator is implemented at the junction pixels, and gives

the image shown in Figure 4.8.

Figure 4.8: Vertical Overlap Removed
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Thus, once we remove vertically overlapping dots, we are left with horizontally overlapping dots. In
practice, there are maximum of four horizontal dots (two dots from recto Braille cell and two from
verso Braille cell). Thus, the maximum number of dots which produces horizontal overlapping is four.
As aresult, we managed horizontal overlapping of dots in three cases for different orientations as shown

in the Figure 4.9 (¢) to Figure 4.9 (h).

Once we knew features of isolated recto and verso dots, we minimized the complexity of the
overlapping into horizontal type. We used the following isolated and overlapping dot attributes to

identify any type of dot as recto or verso.

1. Centroid: This is a point over a Braille dot that tells intensity distribution over a Braille
dot. It locates the center of the intensity distribution over a dot like locating center of mass
distribution. We get from our experiment that the centroid of a recto dot lies on the gray
region of the dot as shown in Figure 4.9 (a). This is because the gray pixel value dominates
the white pixel value. In other words, number of pixels having angle values less than 180°
dominate than number of pixels whose angle values are greater than 180°. On the other
hand, the white region dominates the gray region for verso dots. Thus, the centroid of a
verso dot lies on the white region of the dot as shown in Figure 4.9 (b). Table 4.1
summarizes pixel value of dots at the centroid for different cases: For isolated recto and

verso dots, overlap of two, three or four dots as shown in Figure 4.9 (a-h).

Table 4.1: Pixel Value of Isolated and Overlapping Dots at their Centroid

Dot Variants Pixel Value at the Centroid Dot Type
Isolated Dot Gray=0.5 Recto
White=1 Verso
Overlap of two dots Gray or white Indefinable
Overlap of three dots White =1 Middle dot is Recto
Gray = 0.5 Middle dot is Verso
Overlap of Four dots Gray or white Indefinable
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(a) Recto (b)Verso (¢) Orientation > 0° (d) Orientation < 0°

(e) Recto at the (f) Verso at the (g) Orientation > 0° (h) Orientation < 0°
middle middle

Figure 4.9: Identified Dots and their Variations
2. Area: It is the area covered by an object over an image. In our experiment, area refers to
the area of an isolated dot or area of overlapping dots. We inferred ranges of area for
varieties of dots (Table 4.2) from the graph showing area distribution of dots (Figure 4.10)
found in our experiment. We used area to differentiate a segmented object as isolated or

overlapping dots. The overlap can be overlap of two, three or four dots.

oL L L

Figure 4.10: Area Distribution for Recto, Verso and Overlapping Dots
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Table 4.2: Range of Area for Varity of Dots

Range Number Range of Area Number of Dots in the Overlapping
1 200-300 One (Recto or Verso)
2 400-550 Two overlapping Dots
3 650-800 Three overlapping Dots
4 900-1000 Four overlapping Dots

3. Orientation: This is an angle from the horizontal that measures to which direction the dots
make the overlapping. In Braille writing system, to prevent overlapping of dots (Recto and
Verso), Braille embossers or Braille writer makes a diagonal offset downward whenever
they need to use the two sides of a Braille. However, in practice the overlapping exists. The
diagonal offset downward creates a remarkable orientation angle. We used this property to
separate overlapping dots. The orientation angle shows the locations of the overlapping
dots relative to the centroid. For instance, for two overlapping dots whose orientation angle
is greater than 0°, the first dot is found left below the centroid and the second dot is found
right above the centroid as shown in Figure 4.9 (c). However, for two overlapping dots
whose orientation angle is less than 0°, the first dot is found left above the centroid and the
second dot is found right below the centroid as shown in Figure 4.9 (d). Thus, once we
know the position of the dots, we can easily determine the centroids of the dots which make
the overlapping and identify the dots as recto or verso by looking at pixel values at the
centroids (Algorithm 4.2). The same principle works for overlapping of four dots, except
the method we used to determine the centroids of the four dots making the overlapping is

different (Algorithm 4.4).

Using the parameters (intensity value and angle of a pixel on the dot, Area and Centroid of a dot) we

identify a dot as recto, verso or overlapping dots (Algorithm 4.1) as shown in Figure 4.11.
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Input: - preprocessed Braille Image
Output: - an image whose dots are identified as Recto, Verso or Overlapping
Compute the direction and gradient field of the input image.
Compute I11 from direction filled image.
Compute gradient angle (gAng) from gradient filled image, Io.
Find binary equivalent of I;; image, B.
Create a zero image, V having the same size as B.
For each pixel i
If (Magnitude of B (i) =1)
If (gAng (i) < 180°)
V(i) =0.5;
Else if (gAng > = 180°)
V@)=1
End if
Else
V(i) ==0;
End if
End for
Compute region properties (centroid, area and orientation of each dots) on
image V.
For each dotion V
If (area of the dot <300)
If (pixel value of the dot at its centroid = 1)
Identify the dot as Verso.
Else if (pixel value of the dot at its centroid = 0.5)
Identify the dot as Recto.
End if
Else
Identify the dot as overlapping
End if
End for
Return image V.

Algorithm 4.1: Dot Identification as Recto, Verso or Overlapping

41




Isolated Dots
- Recto
- Verso
Overlapping Dots

- 2 Dots

- 3 Dots

-4 Dots

Figure 4.11: Identified dots as Recto, Verso and Overlapping dots

As we have discussed, overlap of dots in the vertical direction is already solved using morphological
operators. In order to solve overlap of dots in the horizontal direction, we break down the problem into
three overlapping cases as briefly discussed below. The problem is solved by using orientation of the

overlap, centroid of the overlap and dimensions (width and height) of the box bounding the overlap.
Case 1 Overlap of Two Dots

Overlapping of two dots exists with orientation angle greater than zero or less than zero respectively as
shown in Figure 4.9 (c) and Figure 4.9 (d). If the orientation angle is greater than zero, the dots are
found at the first and third quadrants by assuming the centroid as an origin. On the other hand, the dots
will be on the second and fourth quadrants for orientation angle less than zero. We use this pattern to

find the center of each dot connected and identify them as recto and verso dots using Algorithm 4.2.
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Input: - Two Overlapping Dots
Output: - Recto and Verso Dots
Compute the orientation of the overlap.
Compute the centroid of the overlap (X, Y).
Compute quarter of width and quarter of height of the box bounding the
overlap as w and h respectively.
If Orientation > 0
Compute centroids C; (X1, Y1) and Cz (X2, Y2) of the two dots as
CGXi=X+w , Yi=Y-h) and
CX=X-w Y>=Y+h)
Else if Orientation <0
Compute centroids C; (X1, Y1) and Cz (X2, Y2) of the two dots as
C1(X1=X—W s Y]ZY-h) and
C(X=X+w , Y2=Y+h)
End if
Compute pixel value of each dots at their centroid
For each dot
If pixel value at the centroid is one
Identify the dot as Verso.
Else if pixel value at the centroid is half
Identify the dot as Recto
End if
End for

Algorithm 4.2: Identification of Two Overlapping Dots

Case 2 Overlap of Three Dots

Like that of the two overlapping dots, overlapping of three dots also exists in two different ways:
concave and convex shapes as shown in Figure 4.9 (e) and Figure 4.9 (f). We can see the centroid of
the overlapping located in two different regions, which measures intensity distribution of the
overlapping. We recognized a centroid is located in gray region when pixels with gray intensity are
larger in number than pixels with white intensity, and a centroid is located in white region when pixels
with white intensity dominates gray intensity pixels. This is due to the cumulative effect of two similar
dots. For instance, in Figure 4.9 (f) two recto dots bound a verso dot. For this case, the centroid is
located over gray region, which tells domination of gray pixels (two bounding recto dots) over white
pixels (middle verso dot). Thus, the bounding dots are identified as recto, and the middle one is

identified as verso dot. On the other hand, if a centroid is located at white region, it tells domination of
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white pixels (two bounding verso dots) over gray pixel (middle recto dot). Therefore, we used pixel
value at the centroid of the overlapping dots (gray or white) to identify the type of the bounding and
the middle dots as recto or verso. We used this feature to design and implement Algorithm 4.3 to

identify three overlapping dots.

Input: - Three Overlapping Dots
Output: - Recto and Verso Dots
Compute the centroid of the overlap (X, Y).
Compute pixel value at the centroid.
If pixel value at the centroid is one
Identify the middle dot as Recto and the bounding dots as Verso.
Else if pixel value at the centroid is half
Identify the middle dot as Verso and the bounding dots as Recto.
End if

Algorithm 4.3: Identification of Three overlapping dots

Case 3 Overlap of Four Dots

Similar to overlap of two dots, four dots overlap in two ways: with orientation angle greater than zero
and orientation angle less than zero as shown in Figure 4.9 (g) and Figure 4.9 (h). When orientation
angle is less than zero, the first and third dots in the overlap are placed above the centroid, and the
second and fourth dots are placed below the centroid. However, when the orientation angle is greater
than zero, the dots will be reversed. The first and third dots are placed above the centroid, and the
second and fourth dots are placed below the centroid. We used this features to design and implement
Algorithm 4.4 in determining the centers of the overlapping dots. After determining the center of each
dot, we look for pixel value at the center of each dot. A dot with pixel value of 1 at the center is verso

and a dot with pixel value of 0.5 at the center is recto.
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Input: - Four Overlapping Dots
Output: - Two Recto and two Verso Dots
Compute the orientation of the overlap.
Compute upper left corner coordinate(X, Y), one eighth of width and quarter
of height of the box bounding the overlap as w and h respectively.
If Orientation > 0
Compute centroids of the four dots (Ci, Cz, C3 and Cs) as
CiXi=X+w,Yi=Y +3h),
C(X2=X+3w,Y2=Y +h),
C3(Xz3=X+ 5w, Y3=Y + 3h) and
Ca(X4=X+7w,Y4=Y +h)
Else if Orientation <0
Compute centroids of the four dots (Ci, Cz, C3 and Cy) as
CiXi=X+w,Yi=Y +h),
Co(X2=X+3w, Y2=Y + 3h),
Cy(X3=X+5w,Y3=Y +h)and
CaXs4=X+Tw, Y4s=Y + 3h)
End if
Compute pixel value of each dots at their centroid
For each dot
If pixel value at the centroid is one
Identify the dot as Verso.
Else if pixel value at the centroid is half
Identify the dot as Recto.
End if
End for

Algorithm 4.4: Identification of Four Overlapping Dots
After implementing all the techniques and algorithms discussed above, we identify dots (isolated or

overlapping) as recto and verso dots. Finally, we represent pixel values of 1 and 0.5 to label recto and

verso dots respectively as shown in Figure 4.11.
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Figure 4.12: Identified Recto and Verso Dots (Recto=1 and Verso =0.5)

4.6 Page Formulation

For further processing, in transformation and recognition which are briefly discussed in Section 4.7 and
Section 4.8 respectively, the recto and verso dots which are found on the same image or page (Figure
4.12) should be separated in two different pages: Recto and Verso Pages. Dots with pixel value of
I(white) are formulated into Recto Page (Figure 4.13), and dots with pixel value of gray (0.5) are
formulated into Verso Page. After formulation, the Verso Page is binarized (Figure 4.14). Binarization
of the page is required to use the same translation and Braille cell encoding algorithms for both of the
pages, since the Braille cell encoding algorithm (Section 4.8.1) and translation algorithm (Section 4.8.2)

designed depends on pixel value of dots.
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Figure 4.13: Recto Dots /Page/

Figure 4.14: Binarized Verso Dots /Page/

4.7 Transformation

This is a process by which points in a plane or space are transformed into another point of interest using
reflection, translation or rotation. We apply concept of reflection to turn a page, because the dot points
(recto or verso) have similar shape which is invariant of reflection. In this component, a recto page is
turned horizontally from right to left. Because the page cannot be read directly (without turning) unless

a separate translation algorithm that can read from right to left is implemented. Thus, Algorithm 4.5 is
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designed and implemented to reflect all points on the image about a vertical symmetric line. For
instance, a Braille page containing recto dots in Figure 4.13 is turned into its verso page equivalent as
shown in Figure 4.15. Designing this algorithm is required in order to use only one Braille cell encoder
and translation algorithms (Algorithm 4.6 and Algorithm 4.7) for both pages. Otherwise, we need to
design two algorithms for each of them, one reads from left to right downward for verso page and the

other from right to left downward for recto page.

Moreover, a page can be scanned wrongly in a reversed direction (header becomes footer), because
most people are not aware of Braille characters. To solve this problem, the page (image) should be
rotated by 180° as shown in Figure 4.16. This figure depicts the reverse image of the page in Figure
4.15 by 180°. The question is when to reverse or rotate the page automatically by the system. It needs
performance evaluation of the translation. How much of the Braille cells are translated correctly into
the corresponding characters before and after the image is reversed. In other words, it needs finding a
threshold value (maximum translation performance value for Braille images scanned wrongly or in a
reversed direction). According to the result shown in Table 5.5, the maximum threshold value is 68.5%
for Amharic Braille documents. If a page is translated with a translation performance less than the
threshold value, it tells the Braille image is scanned wrongly thus it needs rotation. Evaluating this
threshold value optimizes performance of the system. Otherwise, we need to compare translation
performance for both cases (wrongly and correctly scanned) and select a print text with better
performance. Because, we don’t know which one is correct or wrong before the recognition process

unless we can read Braille.

Input: - Recto Page/ image
Output: - Turned/Reflected Page
Compute width (w) and height (h) of the input image.
Find the vertical symmetric line, VL=w/2;
For each pixel of the input image
If pixel value of the pixel is one
Compute horizontal distance D of the pixel from VL.
Take the pixel a distance equal to D in opposite direction from VL.
End if
End for

Algorithm 4.5: Algorithm to Turn a Page
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Figure 4.15: Turned Image (Page) of Recto Page in Figure 4.13

Figure 4.16: Reversed Image of the Page in Figure 4.15 by 180°

4.8 Recognition

In this component, the dots on each page are formulated into a Braille cell. The Braille cells are encoded
into a Braille code. Finally, the Braille codes are translated into Ambharic print text. The details of each

process are explained briefly as follows.
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4.8.1 Braille Cell Formulation

In this stage, after identifying the dots (recto and verso) and turning the page containing recto dots, a
Braille cell is formulated. A Braille cell formulation refers to recognition of the cell that contains six
dots, and converts them into the corresponding Braille code. This is done by using Braille cell attributes:
Braille cell height, Braille cell width, space between Braille cells, space between Braille cell lines and

average dot width and height for a Braille document scanned with 200 dpi as shown in Table 4.3.
Table 4.3: Braille Cell Attributes in Braille Cell Formulation

Attributes Estimated Values (in pixels)
Dot width(dw) 12
Dot height(dh) 12
Cell width(w) 52
Cell height(h) 90
Space between Braille cells(sbbc) 28
Space between Braille cell lines(sbbcl) 44

Using this information, a Braille cell is formulated using the following procedures:

1. Draw a Character Line: A character line is drawn by first finding the top and bottom margin
lines. To know the position of the top margin line, traverse from left top corner of the image to
the right along each row of pixel until the top most Braille dot (pixel value of one) is found. For
instance, if the top most dot is found at (row, column) = (5, 10), then the top margin line will
be row 5. The same is true for the bottom margin line, the difference is the traverse starts from
left bottom corner or the last row upward until the most bottom dot is found. This enhances
system performance. After knowing the margin lines, using Braille cell attributes (cell height
and space between Braille cell lines), we draw character lines starting from the top margin line
to the bottom margin line as shown in Figure 4.17.

2. Draw a Window of Size Equals to the Braille Cell: Before drawing the windows, we
determine the position of the left and right margins by applying the same logic as top and bottom
margins. Then after, along each character line, we put a window of size equals to the width of
a Braille cell starting from the left margin to the right margin line. A gap between windows is

considered which is equal to the estimated space between Braille cells. After implementing the
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above procedures we find a formulated Braille cell shown in Figure 4.17. Interpretation of each
window into a Braille code is described in the following procedure.

. Find the Braille Code of Each Window: This is the last stage in Braille cell formulation. In
this stage, each window is encoded into a Braille code depending on the position of the dots
bounded by the window. For instance, a Braille cell shown in Figure 4.18 is taken from the
Figure 4.17 encoded in to a Braille code or cell code of “1235°. This process is done by searching
a pixel value of one in the window that shows presence of a dot. The search process takes place
at six different regions (small windows) with in the Braille cell window. These regions are the
most probable positions of the dots. The size of the region considered is equal to average Braille
dot size. The regions located at the four corners of the Braille cell window are encoded as 1, 3,
4 and 6. In addition, the regions located at half of the Braille cell window’s height in both sides
are encoded as 2 and 5. Checking presences of a dot (pixel value of one) at these regions (small
window) instead of the whole Braille cell window optimizes the performance of the system.
Taking this into account, we designed and implemented Algorithm 4.6 in order to encode each

Braille cell window into the corresponding Braille code.

Figure 4.17:"Braille Cell Formulation

Figure 4.18: A4 Single Braille Cell
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Input: -
A Braille Image whose Braille cells are formulated,
Braille dot dimensions. Width (dw) and height (dh).
Output: - Braille Code of each Braille cell
Take a Braille cell.
Compute upper left corner coordinate(x, y), width (w) and height (h) of the Braille cell window.
Initialize a string variable to hold the Braille code of the selected Braille cell, cellCode="";
Initialize an integer variable to hold position of a dot, dotPosition=1;
Create a small window of size equals to the Braille dot.
Put the upper left corner coordinate of the small window at X= x; and Y=y;
For each dot in the Braille cell window dotl1::: dot6
For each pixel in the Braille cell window bounded by the small window
If (pixel value == 1)
cellCode= strcat (cellCode, int2str (dotPosition));
break;
End if
End for
dotPosition = dotPosition + 1;
If (dotPosition == 2)
Put the upper left corner coordinate of the small window at
X=x; and
Y=y +h/2-dh/2;
Else iF (dotPosition == 3)
Put the upper left corner coordinate of the small window at
X=x; and
Y=y+h-—dh;
Else iF (dotPosition == 4)
Put the upper left corner coordinate of the small window at
X=x+w-dw; and
Y=y;
Else iF (dotPosition == 5)
Put the upper left corner coordinate of the small window at
X=x+w-dw; and
Y=y +h/2-dh/2;
Else iF (dotPosition == 6)
Put the upper left corner coordinate of the small window at
X=x+w +dw; and
Y=y+h-dh;
End if
End for
Return cellCode as Braille code of each cell;

Algorithm 4.6: Braille Cell Encoding
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4.8.2 Braille Code Translation

In this stage, a Braille code is translated into the corresponding Amharic symbol (character). This is
done using lookup tables and a translation algorithm shown in Algorithm 4.7. The translation algorithm
takes a Braille code as an input from the formulated Braille cell in Section 4.8.1. The algorithm checks
presence of the code in the database and returns the corresponding character. This algorithm doesn’t
go to the database for Braille codes representing mode indicators and vowels. These Braille codes are
not directly seen or interpreted as a character on the text version of the Braille as discussed in Section
2.2. The vowels will have meaning if they come next to Braille code of consonants to represent syllable
combinations (consonant + vowel). Similarly, the mode indicators have meaning when they come

before numbers (Ge’ez or Arabic).

The lookup tables are designed in four tables as shown in Figure 4.19 based on the Amharic Braille
character or symbol organization. Because symbols in different categories (Numbers both Arabic and
Ge’ez, Punctuations, Consonants, Vowels and Syllable combination of Consonants and Vowels) are
uniquely identified by a Braille code as presented in Section 2.2 (Table 2.1 to Table 2.2). Organizing
the characters in four different lookup tables increases the performance of the system in searching
characters for a given Braille code. In translating a Braille code, the worst case is to search the code in
the four tables, and the best case is to search the code only in one of the tables. In addition, it enhances
the translation process by removing ambiguity, because characters or symbols in different categories
have the same Braille code. For instance, a Braille code 1:2:4 represents three characters (6, % and &)
as shown in Table 4.4 from two different categories tbl numbers and tbl consonants. The system
recognizes as number, if a mode indicator of Arabic or Ge’ez comes before the Braille code. The system
searches for ‘6’ or ‘%’ respectively directly from tbl numbers. If a mode indicator is not found, the
system searches ‘¢ directly from tbl consonants. Otherwise, the system will print at least two of them
(‘6’ and ‘&’ or ‘%’ and ‘&) if the lookups were not organized into four lookups. The values of the lookup
tables are annexed (Annex E-H).

Braille codes for mode indicators and vowels are statically hardcoded because we don’t need to
translate and print them. Because on Amharic print documents, the vowels and the mode indicators are
not visible as print characters. The Braille codes for mode indicators tell the system the next Braille
cell is an Arabic or Ge’ez number depending on the mode value. The Braille codes for vowels tell the

system combination of the previous Braille code and the Braille code of the vowel together represent
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syllable combination. Thus, hardcoding or not putting mode indicators and vowels in lookup tables has

its own advantage in performance optimization; because the system doesn’t go to the database.

Input: - Array of Braille code
Output: - print text
Initialize a character and a string variable char="", str="";
For each Braille code instance i, code[i]
If code[i] is null
Assign space character to char;
Else if (isGeezNolIndicator (code[i]))
Select geez-number equivalent of code [i+1] from tbl number;
Assign the character to char;
Increase index i by 1;
Else if (isArabicNolndicator (code[i]))
Select arabic-number equivalent of code [i+1] from tbl number;
Assign the character to char;
Increase index i by 1;
Else if (isConsonant (code[i]))
If (isVowel (code [i+1]))
brailleCode = strcat (code[i], code [i+1]);
Select character equivalent of brailleCode from tbl_sylabel combination;
Assign the character to char;
Increase index i by 1;
Else
Select character equivalent of code [i] from tbl_consonant;
Assign the character to char;
End if
Else if (isPunctuation (codel[i]))
Select character equivalent of code [i] from tbl_punctuation;
Assign the character to char;
Else
Has no equivalent character; //wrongly encoded Braille code
End if
str = strcat (str, char);
End for
Return str as print text;

Algorithm 4.7: Braille Code Translation
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tbl_consonant tbl sylabel combination
Braille Code

Braille code

Character Character
(a) Consonant Table (b) Syllable Combinations Table
tbl number tbl punctuation

Braille code
arabic number
geez number

(c) Numbers Table

Braille code
Charchter

(d) Punctuation Table

Figure 4.19: Design of the Lookup Tables

Table 4.4: Braille Codes Representing More than One Symbol

Braille Code Symbols Represented
1 l,5and &
2:4 9, g and A.
1:2 2,gand N
1:2:4 6, % and &
1:2:4:5 7,7 and 9

4.9 Summary

The chapter systematically went through the designing of double sided Amharic Braille Document
Recognition System. The designed system has components working together. In the first component,
double sided Amharic Braille image is acquired and preprocessed to remove noises using Gaussian
filters. In the second component, direction field tensor is used to segment dots from the background. In
the third component, gradient field is implemented to identify the segmented dots as recto, verso or
overlapping dots. Finally, we designed algorithms to segment and identify overlapping dots as recto
and verso based on the features (centroid, area, and orientation) extracted. The recto and verso dots are
separated into recto and verso pages. In the recognition component, we used Braille cell information
(dot width and height, cell width and height, space between Braille cells and Braille cell lines) in order
to formulate Braille cell using Braille cell encoder directly for Braille pages containing verso dots.

Finally, the Braille code encoded by the encoder is translated into print text using the Braille code
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translator. However, Braille pages containing recto dots or reversed pages need transformation. Hence,
a third component is required. In this component, we used the concept of reflection and rotation before
formulating the Braille cells. We used reflection to turn recto page into its verso page equivalent. This
helps us to use the same Braille cell encoder and translation algorithm. In addition, we used rotation to
reverse the page automatically in case there is error during image acquisition (wrong direction)

depending on the performance of the translation.
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Chapter Five : Experiment

5.1 Introduction

This chapter describes implementation detail of the proposed design for recognition of double sided
Ambharic Braille documents. Section 5.2 presents the datasets used in testing the system. Section 5.3
describes the tools used and the overview of the system. Section 5.4 presents the test results found.

Finally, the proposed design is evaluated in the last section of the chapter.

5.2 Data Sets

In order to test the proposed design for recognition of double sided Amharic Braille documents, we
used six Braille documents with the following properties. These documents are collected from Addis

Ababa University Kennedy Library, Ethiopian Association for Blind Society and Misrach Center.

Table 5.1: Experimental Data

Braille Attribute Value
Number of Braille Documents Tested 6
Resolution 200 dpi
Image Format JPEG
Braille Type Double Sided

5.3 Implementation

The prototype is implemented using MATLAB and MySQL. MATLAB is a high-level language and
interactive environment used to design and test the tools and techniques used in our approach. The
Braille codes and their corresponding symbols or characters are managed in MySQL database which is
an open source database management system. The prototype takes a Braille image as an input using the
graphical user interface shown in Figure 5.1. The designed system is implemented using Dell laptop
core 15, processor speed of 1.6 GHz, 4.0GB RAM and 64 bits operating system. The system translates

on average 6.8 Braille cells/ second into a print text. Table 5.2 shows output of the designed system.
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Figure 5.1: Running Prototype
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Table 5.2: Translation of Amharic Braille by Experts and System

Braille Experts Translation System Translation
Document Recto Page Verso Page Recto Page Verso Page
DSBI2 etttk 9o 7L ANg..... etk 9o 0L AhL......
fCOPA: ... | .. UCT AL taoy ..., eCOPh: ... | .. UCT AL -ty ...,
AP .| .. nEA PATICT.... opovEo- .. | nEA PATICT.....
DSBI3 Ah@IITT hG ThNCs ATt KG ThNCs
AT T 0T TanT meTLFd tovlpe T | AR T CaR TNt ML +aveETq
AL 121 & AL ¢l &
DSBI4 RUTT PPOLES aowl P U7 PPOL&S aowl P
0FmeP AddALYTH erLtaT? TERPT aFmsP ALt PrLwNT TORPT
DSBI5 | vt LA &7 v\t L &7
nnAgyt Phat LA 7ALL nAgt ehah eATT 77 AL
T LUT PPOCF aow/ 3¢ T RUTT PPOLE aowl 3,
DSBI6 Ppav-() g7 1. 018 . Ppav-() g7 1@- 018 o
PCot 00 Ar%.mPar-q Pt NN Are.meavq
A%l NMge 04.L0ld\ (IVIC APE A2l NAMge L4240 MUIC APe
ngean, PAnTILY ngean, PAnTILY
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5.4 Test Result

As we discussed in Section 4.4 and 4.5, apart from attribute of Braille dots such as centroid, orientation
and area we used the two Eigen values, I11 and gradient angle. I;; is used to segment objects (dots) from
the background. In addition, gradient angle is used to identify the segmented dots as recto and verso
dots. Finally, after identification of dots as recto and verso, we formulate Braille cells in order to encode
a Braille cell into a Braille code and then the Braille code is translated into a print text. In the
experiment, we tried to test the performance of segmentation, identification and translation. Tables 5.3

to 5.5 show the performance of each phase.

Table 5.3: Segmentation Accuracy of Dots

Ground Truth Experiment
No Braille Number Number of Non Number of ~ Number of Dots in

Documents of Dots Overlapping Dots overlaps the Overlaps

1 DSBI1 70 39 13 31

2 DSBI2 203 100 32 103

3 DSBI3 273 187 36 87

4 DSBI4 210 139 27 72

5 DSBI5 236 169 27 62

6 DSBI6 360 235 52 125
Total 1352 869 187 480
Non Overlapping Dots % 64.3%
Overlapping Dots % 35.5%

From the result shown in Table 5.3, we can see 35.5% of the dots (recto and verso) are overlapped.
This infers, considering segmentation and identification of overlapping dots (Section 4.5) have

significant effect on translation performance of Braille documents.

60



Table 5.4: Identification Accuracy of Dots as Recto and Verso

Ground Truth Experiment
No Braille Number of Number of Number of Number of
Documents Recto Dots Verso Dots Recto Dots Verso Dots
1 DSBI1 32 38 32 38
2 DSBI2 99 104 100 103
3 DSBI3 142 131 144 129
4 DSBI4 120 90 121 89
5 DSBI5 88 148 89 147
6 DSBI6 158 202 160 197
Total 639 713 646 703
Identification Accuracy 99.3%

Table 5.4 shows identification accuracy of a dot as recto or verso, the designed system is tested with a
total of 1352 dots (recto and verso). The system totally identifies 646 dots as recto from which 639 of
them are correctly identified and 7 of them are wrongly identified, and the system correctly identifies
703 dots as verso. Using these information, we determine the identification accuracy of the proposed

system using Equation 21.

correctly identified recto dots + correctly identified verso dots
Accuracy = total number of dots x 100% 2D

This work which considers overlapping of recto and verso dots archives a remarkable identification

accuracy of 99.3%.
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Table 5.5: Performance of Translation

Translation Performance Out of 100%

No Braille Wrongly Scanned Correctly Scanned
Documents Recto Page Verso Page Recto Page Verso Page
1 DSBII 63.6 583 100 100
2 DSBI2 60.6 51.5 96.3 96.7
3 DSBI3 571 51.1 94.7 94.7
4 DSBI4 67.5 68.5 88.6 97.0
5 DSBI5 57.5 56.3 97.4 95.0
6 DSBI6 64.2 50.8 93.5 93.8
Maximum 67.5 68.5 100 100
Minimum 57.1 50.8 88.6 93.8
Average Accuracy 61.8 56.1 95.1 96.2
Overall Accuracy 58.9 95.6

Table 5.5 shows the translation performance of the proposed system. The table shows the translation
accuracy of each document by page for two cases: correctly scanned and wrongly (reversed by 180°)

scanned documents. Both of them are calculated using Equation 22.

2 number of correctly translated charachters 100%
ccuracy = X
Y total no of chrachters considered °

Finally, from accuracy of each document by page, we determine the average accuracy for the
documents by page and the overall translation accuracy of the proposed system. The result shows, the
proposed system translates double sided Braille documents with accuracy of 95.6% when a Braille

document is scanned in its correct direction.
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5.5 Discussion

The proposed system has six components. However, we tried to evaluate three of them: Braille dot
segmentation, Braille dot identification and recognition components independently. This helps us to
compare our work (Braille dot identification component) with other attempts for other languages.
Recent works Attempted by [8] and [31] , both have an average accuracy of 99% in identifying dots as
recto and verso. However, both works don’t consider overlapping dots. Our attempt that considers
overlap of recto and verso dots has an average accuracy of 99.3% in identifying a dot as recto or verso,
which is remarkably appreciable performance. Thus, recognition of double sided Braille documents
using direction field and gradient field has better performance in segmentation and identification of
recto and verso dots from the background than thresholding algorithms used in [8, 31].

As this work is the first in recognition of double sided Braille documents for Amharic language, we
can’t compare the translation (recognition) accuracy with other attempts. Previous attempts focused
only on recognition of single sided Amharic Braille documents. The average translation accuracy of
this attempt is 95.6% for correctly scanned documents, which is a remarkable performance as compared
with the English character recognition system attempted in [25] with average translation accuracy of
98.7%. For wrongly scanned documents, the average translation performance is 58.9%; this tell us that
we can define a threshold value to reverse wrongly scanned documents automatically, if the translation
performance is less than the threshold. In our design we select the maximum value 68.5% as discussed
in Section 4.7 as a threshold value. However, the threshold value can be changed depending on the
Braille document recognized, because this value is found for clean double sided Braille documents.

Therefore, it is advisable to take a document with better translation performance.

In this work, we tried to show the segmentation accuracy, which is 64.3 %. As compared to the Braille
dot identification and translation accuracies, the segmentation accuracy is significantly small. This
shows us, in double sided braille documents; even if there is a diagonal offset angle to prevent overlap,
there are overlap of dots which are created during Braille embossing or writing process. This work
shows 35.5% of the dots are overlapped. Therefore, in designing a system to recognize double sided
Braille document, segmentation and identification of overlapping dots is vital. Hence, it improves the

recognition process of double sided Braille documents.
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Chapter Six : Conclusion and Future Work

6.1 Conclusion

In this study, an attempt has been made to design and implement double sided Braille recognition
system for Amharic language. We adopted and designed different techniques for the different steps of
the recognition process. Gaussian filters and their derivatives, direction field tensor are used as tools in
removing noises and segmenting Braille dots from the background. Gradient field has differentiated
recto and verso dots by counting gradient angles over the dots. Among the three features (bright, dark
and mid gray) observed on Braille images, recto dots have large number of pixels with bright intensity
or gradient angle value less than 180° than verso dots, and verso dots have large number of pixels with
dark intensity than recto dots or gradient angle value greater than 180°. Braille dot features like centroid,
orientation and area can also be used to identify overlapping dots as recto and verso.

We have attempted to estimate Braille cell attributes such as Braille dot height, dot width, vertical and
horizontal space between Braille cells, Braille cell height and width. These values tend to be different
depending on the resolution level used during image capturing. 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 in formulating Braille cells. Braille cells are
formulated by using a sliding window designed using the Braille cell attribute. The Braille cells are
encoded into a Braille code and then translated into their corresponding print characters using lookup
tables, which contains list of Braille code values and the associated print characters.

Before the translation process we use concept of reflection to turn a page and rotation to reverse a page
in case a Braille is scanned in the wrong direction. Turning the page helps the same translation and
Braille cell encoding algorithms. Moreover, reversing wrongly scanned Braille documents
automatically optimizes the translation performance.

The prototype we have designed for our system has been experimented against Braille documents from
different places: Addis Ababa University Kennedy Library, Misrach center and Ethiopian Association
for Blind Society. We have achieved an average accuracy of 99.3% and 95.6% in identification of dots
and translation of the Braille into print text respectively. The small errors observed in identifying the
dots are attributed to overlapping dots. For instance, two consecutive similar dots (recto) may overlap
with other type of dots (verso); due to some stain effect a single dot is taken as two dots, overlapping

of two dots treated overlap of three dots. Moreover, estimation of Braille cell attributes which depends
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on resolution of the scanner also affects the encoding process that encodes the Braille cells into a Braille
code. Hence, these affect the translation performance. To summarize, this work in general depicts a
design and implementation of a double sided Braille recognition system for Amharic Braille

documents.

6.2 Future Work

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.

e In order to enhance the performance of the translation, a post-processing activity can be
incorporated at word level using Amharic dictionary or performing a sentence level analysis
in correcting words contextually.

e Keeping the format of Braille documents is sometimes very important. For instance, the
content in the document can be a poem. Therefore, considering the structure of the Braille

document can be a further work.
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Annex A: Amharic Characters

Ge’ez Ka’eb Salis Rab’e Hamis Sadis Sab’e
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a {r . q 0, [ Q
¢ ¢ ¢ & 4 ¢ ¢
n (t (L a (8 M n
+ h T £y b T +
T E T F E T ¥
g " "L it g’ g .
1 T )2 q z 7 ¢
T i3 L g [ K} [
A 3 A. A to h A
h o3 n. n n h n
T Tt i K i i T
o @. i H P ? - P
0 o % 4% % 0 b
H i H. H i H H
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w " I 40 (s i "
P @ e [ e [ -
L 8. 8, 4 2, [ 2.
e £ &, g (2 3 &
7 T 1 ) 1 i 7
m [y (M. a) M T m
6bb (455 6h, sb), (483 SEp crr
3 2 A A S X 2
0 6~ ) 9 9 0 s
é. 2 é 4 éo & [
T T T T 0 T s
n - 0. a o 1 n
Annex B: Amharic Lablization Characters

e 3 . n, 0 To T

™ 2 3 . % P P
3 & o .0 i, ¢ s
a, i ! A q, i a, x&

E 4 [ A & H, "

a, £ A, a, 6B,

Annex C: Amharic Numerals
& €& § @ & ¥ Z & © I A @ % i ® & ®w i §

2

3

4

5

6

7

8

9

10 20 30 40

50 60 70 &0 90

100
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Annex D: Amharic Punctuation Marks

Punctuation Mark/Symbol Name

9 Question Mark

| Exclamation Mark

( ) Parenthesis
e ¢ Quotes
H Coma
H Full Stop
: Colon
L3 Semi Colon

Preface Colon
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Annex E: Sample Lookup Tables for Consonants

Braille Code Unicode Symbol/Character
125 4613 v
123 4621 A
126 4629 ch
134 4637 go
234 4645 Voot
1235 4653 C
1456 4661 Qa
146 4669 [d

12345 4677 P
12 4709 1
1236 4717 A
2345 4725 +
16 4733 T
156 4741 1
1345 4757 7
346 4765 g}
12356 4773 A
13 4781 h
236 4797 i
2456 4813 -
1256 4821 o
1356 4829 H
356 4837 i
13456 4845 [
145 4853 &
245 4869 e
1245 4877 q
23456 4901 T
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Annex F: Sample lookup Tables for Syllable Combinations

Braille Code Unicode Symbol/Character
12526 4608 )
125136 4609 v
12524 4610 A
1251 4611 7
12515 4612 %
125135 4614 14
12326 4616 A
123136 4617 Iy
12324 4618 A
1231 4619 A
12315 4620 {8
123135 4622 (e
12626 4624 ch
126136 4625 che
12624 4626 .
1261 4627 h
12615 4628 cho
126135 4630 ch
13426 4632 avo
134136 4633 av-
13424 4634 o
1341 4635 aq
13415 4636 ay,
134135 4638 q
23426 4640 w
234136 4641 w-
23424 4642 vy,
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Annex G: Sample Lookup Tables for Numbers

Arabic Numbers Ge’ez Numbers

Braille Code /Symbol /Symbol
245 0 T
1 1 5
12 2 4
14 3 £
145 4 0
15 5 &
124 6 z
1245 7 7
125 8 x
24 9 b
123456 Ge'ez Number indicator
3456 Arabic Number indicator
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Annex H: Sample Lookup Tables for Punctuations

Braille Code Symbol
2 F
23
235 !
2356 0
236 ?

256

52 /
63
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