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Abstract—Optical Braille Recognition (OBR), the automated software processes that are used in capturing and converting the Braille documents
into text. The image data of embossed Braille plate captured using mobile camera or scanner is the input to OBR. Preprocessing is the first stage
performed by OBR system. The Considerabletroubles in Image captured using camera, mobile or scanners include low-quality image due to
irregular lightness during scanning, relatively low resolution of camera, impulse noise in the image, diverse gray-level values, introduce
anelevated spatial frequency, angled or slanted image capturedas a resultof human error, deformation or warp of image document that
continuedeprivation or disability of the dots, manifestation of uninvited dots, irregulargapin connecting dots and the cells representing character.
These impulse noises are eliminated by applying various image enhancement techniques under preprocessing stage of OBR. The main mission
of the paper is to study and provide a proportionallearning of diverse preprocessing techniques that are appliedto the Braille image by various

researchers.

Keywords—Braille, Box filter, Gaussianfilter, Histogram Equalization, OBR, OCR, preprocessing, Smoothing, Spatialfilter.

I. INTRODUCTION

Braille is a language used by blind that consists of the pattern
of combination of six raised dots called Braille cell that
represent the text characters which are felt with the fingertips.
The Braille cell might be stamped on single or double sided in
the Braille manuscript.Maintaining such heavy Braille plates
requires a lot of space and may get deteriorated if kept for long
period. So there is a need to process the Braille document to
text which can be stored easily for longer duration and can be
distributed or reproduced on demand. The OBR (Optical
Braille  Recognition)is  anapplicationthat ~ performsthe
conversionof Braille credentials to the human requisitetext. [3]
The OBR structure has five distinct stages namely Image
acquisition,  Preprocessing, Image segmentation,Feature
extraction as well as Conversion to Natural text.

This research paper is structured in 5 segments. Section-I
introduce the Braille script withOBR systemalong with its
stagesand detailed study on all preprocessing techniques has
been discussed.In Section-11 gives an insight of a Literature
survey with the research work on these techniques. In Section-
I11 the challenges in image pre-processing of Braille document
is discussed and the finallythe section-1V concludes the paper.

In image acquirementstage of the OBR,firstly Braille image is
acquiredwith the devices likeMobile Phone camera, Digital
camera or Scanners. The environment noise during image
capture may produce low quality image due to unbalanced
lightness, low resolution, diverse gray-level values, and
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elevated spatial frequency, and skewed or slanted image,
deprivation of

the dots, unbalanced as well as uninvited dots and irregular
space among dots. [10]The resultant imagenoise generally
contains the Gaussian noise, impulse noise or salt and pepper
noise.Enhancing and smoothing the acquired Braille
information is performed in preprocessing stage of OBR which
is a challenging task.Preprocessing progresses the probability
of successful removal of noise introduced in image and
recognition of degrades dots.

e PREPROCESSING TECHNIQUES OF OBR

To enhance the impulse noise in image, various Preprocessing
Techniques can be applied namely Histogram Equalization,
linear and Smoothing Spatial Filter, Box filter, Weighted
Average filter, Gaussian filter, Median filter, Sharpening
Spatial Filters, Unsharp Masking and Highboost Filtering,
Laplacian filter, Roberts filter, Sobel Filter, Prewitt’s Filter.

The very first step in preprocessing is the image binarization.
The acquired Braille image may be a color image is of no use
as preprocessing techniques are applied over binary image.
Hencethe color image is first required to be converted into
binary image for further processing. Color image is a result of
three grayscale images of R, G and B colors. In binary
conversion, the RGB values for every individual pixel is taken
and translated into a single value reflecting the brightness of
that pixel as equation-1.

(Intensity of R + Intensity of G + Intensity of B)/3. — (1)
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The intensities are commonly are of range 30:60:10 for color
combination of R:G:B components. The equation-2 is used to
compute color image into gray scale.

(0.3R +0.6G + 0.1B)/3 -(2)

Histogram equalization process helps to enhance the intensity
of pixels contrast in an image. The normal histogram Pn of a
given image v is represented in equation-3.

toal count of pixels with intensity n
Pn = . = --3)

total pixels in image

Where, n = 0, 1.. L-1. L is intensity value 256. The
Transformation of the pixel intensities of histogram equalized
image, k is represented by equation-4.

T(k) = floor((L— 1) XX _,Pn --(4)
Where, floor gives the rounded value of nearest integer.

Linear spatial filtering process helps to enhance image v by
replacing the intensity value of every pixel with a value
generated by a linear function applied on the values of nearby
pixels. Different Linear Smoothing Filters used are Mean and
Gaussian Filter,whereas Linear Edge enhancing filters used are
i) Sobel Filter, ii) Prewitt Filter and iii) Laplace Filter.

For a point (x; Vi), filter result g(x;, y;) is calculated by
summing the coefficients of filter and encompasses pixels of
an image using the equation-5.

g (%, vi) =w (-1, -1) f(x-1, yi-1) + w (-1, 0) f(x-1, y;) + ... +

w (0, 0) f(xi, yi) + ... + w (L, 1) f(xi+1, yi+1) -~ (5)

Where, coefficient w (0, 0), is the center coefficient of the

filter. Linear spatial filtering for m x n size filter is specifiedin
equation-6.

9, y) = 24 o Xy w(s, Of (o + 5,7, +1) - (6)

With no effect of blurring, image smoothing can be obtained
by the equation-7.

fGuy) = 230y gn(xoy) = (7)

Where, g, represents the pixel value and nrepresents the count
of images of same scene. The correlation process moves the
filter mask above the image covering each locality and finding
the summation of products for these locations. The association
of filter w (x;,y;) of size ‘m x n” is denoted by equation-8.

w(x, ) 0 fx, ) =
T Xl ,wis, Of(+s, yi+t) - (8)

Smoothing is the process of getting the average of the
neighborhood pixels falling in the filter mask. The m x n
weighted average filter is given by equation-9.

Yo a3P__yw(s, Of(xts, y+0)
a b - (9)
ES=—aZt=—bW(S' t)

glx,y) =

The required parameters in the above formula are taken from
the equation-9. An arithmetic mean enhances the corrupted
image g(x, y) of the area S, by computing average value is
given in the equation-10.
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fGi 7 = 7= %, vesy,y, 85D~ (10)

Mean filter reduces the noise by blurring the image. Whereas
the median filter helps reducing the noise by less blurring
effect comparing to mean filter is given by equation-11.

FO0y) = 5y, (9D} ~ (A1)

Gaussian filtering as in equation-12 helps remove noise by
blurring image.

2 2
G() = L5 - (12)

x/Zno'Ze
Fuzzy sets are also can be used for transforming the intensity.
This process transforms the image into darker, gray or brighter
as per the intensity of image. Transformed image vO for an
input z0 is given by equation-13

_ Hdark(Zo)Xva+igray(Zo)Xvg+upright (Zo)Xvp
0 =
Bdark(Zo) + Hgray(Zo) + Bbright(Zo)

- (13)

Fuzzy processing involves intensive calculations. Laplacian
filter helps to sharpen the image. The symbol A is used to
identify Laplacian filter f(x, y).

The isotropic derivative operator Laplacian is the function of
two variables defined by the equation-14. Laplacian function
generally applied to an image under smoothing process with
the approximation of a Gaussian smoothing filter for the
purpose of reducing the noise. These derivatives are the linear
operations. The equation-14 is implemented in the filter mask
for smoothing process or correlation process.

A f =

%f %f
axi,z+ i (14)

:iifz =fO;+1 y)+flx;—Ly)— 2f(x;,y:) - (15)

X

aZ

e =G v+ D+ fy =D~ 2f (i y) ~ (16)
The first variable in x-coordinate direction is defined by
equation-15, whereas second variable in y-direction is defined
by equation-16. Finally the equation-17 gives the Laplacian
equation for image sharpening.

g y) = f(x, y) + c[A*f(x, y) ] - (17)

The edge detection algorithms normally use the various
filtering techniques, amplification techniques and threshold
operations.

Il. LITERATURE SURVEY

Literature survey shows the preprocessing techniques used by
various researchers. Preprocessing [1] can be grouped in major
three arena as i) Translating the RGB image into
corresponding grayscale ii) eliminating noise and iii) adjusting
the image geometry.
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Jie Li [5] authorin the paper has used equation-2 to convert
RGB image into grayscale image which evaluates the gray
level charge ‘y’ forevery pixel [6].

For geometry adjustment [5], author Jie Li has physically
drawn a 15x10mm cell rectangle. The algorithm identifies the
same size cell rectangle from the scanned image. This
identified cell region is compared with physically drawn box.
This comparison is performed using equation-18 and 19 to
estimate the rotation.

x, = cos(6) (x, —x0) —sin(d) (¥, — ¥o) + xo - (18)
Yo = sin(6) (x, — x) + cos(8) (¥ —¥0) + Yo - (19)

Where, (x4, yo)symbolize the co-ordinatevalues towardsthe
center of rotation, (xp, yp) and (x,, ynp)represents the newest
and real pixel values in that order. The angle 6 characterizethe
estimated angle of rotation [5] [6].

Aisha Mousa has used the equation 09and 10 of average
filtering routine for lessening the noise along withtechnique of
contrast enrichment to amplify the strength oraltitude of recto
dots [2].

L. Nian-feng authorhas usedanalgorithm of Hough transform
[7], to estimate the tilted rotation angle that is spawned in
image gaining process. The line data has been pre-marked and
used inthe algorithm. The algorithm processes the supplied the
array A(r,0) and processes to get the minimum and maximum
of (r,0) using Hough transform which returns the required
tilted angle value. The applied equation-20 represents the
matrix of image rotation.

il _ [cos@—sin@[i

[j'] - [ sin@cos Hﬂ [!] (20)
The geometry rectification is done with adjusting rotation
angle using the rotation matrix values of equation-20.

Mohd. Wajid [9] has performed the removal of the impulse or
salt & pepper noise using Median filtering method.

Lisa Wong [8] has made a simpler algorithm by introducing a
pattern “half-characters” that represents the pattern of two
columns of the target character. This Half character pattern
was discoveredby implementing a pseudo code that is
designed to handle the imagerow by row as a replacement over
a regular 2 dimensional array.

Huaxun Zhang [4] has explained in paper of his work on
geometry rectification.Author has used the linear regression
method thatset rightthe tilt angle of the Braille document.
Author has also performed the image enhancement using the
histogram equalization method applied on each region.
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I1l. CHALLENGES IN PREPROCESSING THE BRAILLE
DOCUMENT

Very first challenge is of ensuring the physical geometry of the
images and its consistentresolution. Most of the Author has
applied the said preprocessing techniques on single sided
Braille documents. Many documents are double-sided, printed
inter-point. The recto and verso dot depressions of the Braille
of one side can also appear interlaid on other side of the
document.Applying the preprocessing techniques ontwo-sided
Braille documents is a challenging task. Once the image
preprocessing task gives the best results, rest of the OBR
stages can be applied effectively. Hence in our next paper we
will identify the best technique for preprocessing the Braille
image.

IV. CONCLUSION

Braille documents are converted to subsequent natural
language character or text using Optical Braille recognition
(OBR) system. In this paper we have concentrated our study
only on preprocessing techniques. We have analyzed the
different preprocessing methods used by various researchers.
In our study we found that linear spatial filtering and Gaussian
filtering are the best methods that give higher precision in
preprocessing the Braille image. We also found that Majority
of researchers hadput efforts on one-sided Braille paperto
translate it intonatural text.We conclude that there is a lot of
scope in improving the preprocessing stage of Braille. There is
a lot of scope to work on conversion of double-sided Braille
document which is a challenging task. In future work we plan
to apply MATLAB on some best preprocessing techniques.
We will concentrate our study to find out the best
preprocessing method after evaluating the outcome results of
MATLAB.
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