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ABSTRACT

Braille system has been used by the visually impaired people for reading.The shortage of Braille
books has caused a need for conversion of Braille to text. This paper addresses the geometric
correction of a Braille document images. Due to the standard measurement of the Braille cells,
identification of Braille characters could be achieved by simple cell overlapping procedure. The
standard measurement varies in a scaled document and fitting of the cells become difficult if the
document is tilted. This paper proposes a line fitting algorithm for identifying the tilt (skew)
angle. The horizontal and vertical scale factor is identified based on the ratio of distance
between characters to the distance between dots. These are used in geometric transformation
matrix for correction. Rotation correction is done prior to scale correction. This process aids in
increased accuracy. The results for various Braille documents are tabulated.

KEYWORDS

Braille to text Conversion, Skew detection, skew correction

1. INTRODUCTION

Braille is a system of writing that uses patterns of raised dots to inscribe characters on paper. It
therefore allows visually —impaired people to read and write using touch instead of vision. Its
characters are six- dot cells, two wide by three tall. Any of the dots may be raised, giving 64
possible characters including 26 English alphabets, punctuations, numbers etc. Although Braille
cells are used world-wide, the meaning of each cell depend onthe language that they are being
used to depict.
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Figure.1- Braille Cell Dimensions
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The dimension of a Braille character is a standard one irrespective of the Language. Each dot in a
Braille cell has a diameter of 1.5 mm. Within each cell the dot centres are placed at a distance of
2.5 mm vertically and 2.3 mm horizontally. Two cells are separated by a distance of 6 to 6.4 mm
horizontally and 10.4 to 12.7mm vertically. These are illustrated in Figure.1.

Since the number of Braille books available are limited in number, when an ordinary text book is
scanned and converted to text or audio, benefits many people who are in need. This also enables
the corresponding document to be sent across the web. Identifying the Braille cells and
decrypting them to the corresponding language are the major processes involved in the
conversion[ 7]. Identifying Braille cells is difficult if the scanned documents are rotated or if
those sheets are at different scale. These issues are briefed as follows

e  When tilted to some angle, mapping of Braille to text is inappropriate and hence results
in incorrect text.

¢ Aninverted document may result in different mapping. An example of 2 Tamil letters,

Inverted @is equivalent tolT-. Their Braille representations are in shown in Figure.2.
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Figure 2.Inverted symbol mapping
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e [If the documents are either zoomed or shrunk their scaling varies and the spacing
between the Braille dots or cells will be different from standard measurements.

Hence, the identification of Braille cells becomes difficult.

This paper proposes a technique which corrects the tilting of the Braille documents and brings the
scanned document to the standard scale. The scanned document is converted to binary image
before processing. The tilt or skew angle is identified by fitting a straight line to the set of first
encountered vertical pixels. An inverse rotation matrix is used to correct the tilt. This paper
utilizes the fact that ratio of the between character separation to within character separation
should remain constant irrespective of scaling factor. A wide separation and a narrow separation
horizontally signify the horizontal distance between two Braille cells (i.e. 2 characters and
horizontal distance between the dots of the same Braille cell respectively. These distances cannot
be calculated directly as the presence of dots varies for the characters present in the document.
Since the dots raised may occur in different position, these distances varies for different character
combinations. The ratio of distance between characters to distance between dots is between 2.6 to
2.78 in horizontal direction and 2.08 to 2.54 in vertical direction irrespective of the scaling factor.
The distance pair satisfying these criteria is chosen and compared with the standard values to
calculate the horizontal scale factor. A similar procedure is used for vertical distance and the
vertical scale factor is calculated. An inverse geometric transformation matrix is used to bring the
scale to the standard form. Once the documents are brought to the standard form the Braille
characters could be converted to text as explained in [7].

In this paper, section 2 discusses about some of the methods proposed for finding rotation and
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scaling of scanned documents. Third section explains in detail about the solution proposed and
fourth section covers the outcomes of the proposed method. Final section concludes with issues
involved in implementing the proposed method and future works.

2. LITERATURE REVIEW

The issues that must be taken into consideration when implementing Braille to text conversion
are scaling and rotation factors. Some of the methods to find them are as follows: Using the
deviation over the sum of rows, [1] image was slanted over an angle. Each time it was slanted
one pixel in vertical direction, deviation over sum of rows was calculated. When dots are
horizontal, maximum was obtained. In [3], a probabilistic approach was proposed to estimate
skewness and line-spacing of the Braille documents. Idea is to extract locations of the pixels
belonging to shadow regions of dots and consider them as samples drawn from a two-
dimensional Probabilistic Density Function (PDF). Parameters of the PDF are related to skewness
and scale properties of the document. These parameters are estimated in a Maximum-Likelihood
framework using the Expectation Maximum approach. Paper [4] does the following for finding
the rotation angle: Geometric correction aims to bring all scanned Braille document images to a
common reference point. A simple technique is used to solve this issue: manually draw a 15x10
mm rectangle using black ink pen at a fixed position on each page of Braille document. By
detecting the 15x10 mm rectangle in the scanned image and estimating the position and
orientation of the rectangle, transform the scanned image to a common reference point. Abdul
Malik Al-Salman et al.[2] have proposed a probabilistic algorithm to correct any de-skewing in
tilted scanned images. They also mention that maximum degree of recognizing a de-skewed
image is 4 degrees from either the left or the right side.

As referred in [8] Supernova is a window-based magnifier, screen reader and a Braille system
that supports the conversion of text to speech, Braille displays and note-takers. [9] refers to a
paper on Braille word segmentation and transformation of Mandarin Braille to Chinese
character. [10] discuss the main concepts related to OBR systems; list the work of different
researchers with respect to the main areas of an OBR system, such as pre-processing, dot
extraction, and classification. [11] focuses on developing a system to recognize an image of
embossed Arabic Braille and then convert it to text. [12] proposes a software solution prototype
to optically recognise single sided embossed Braille documents using a simple image processing
algorithm and probabilistic neural network. [13] describes an approach to a prototype system that
uses a commercially available flat-bed scanner to acquire a grey-scale image of a Braille
document from which the characters are recognised and encoded for production or further
processing. [14] presents an automatic system to recognize the Braille pages and convert the
Braille documents into English/Chinese text for editing.[15] describes a new technique for
recognizing Braille cells in Arabic single side Braille document. [16] developes a system that
converts, within acceptable consrtraints , (Braille image) to a computer readable form. [17]
provides a detailed description of a method for converting Braille as it is stored as characters in a
computer into print.

3. PROPOSED SOLUTION

Most of the commercial software focuses on converting text to Braille and vice versa. Very few
consider scanned Braille documents as input and the geometric corrections are done based on
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probabilistic models. This paper proposes a method that uses a geometric transformation matrix
for rotation and scale correction. The parameters of the matrix are identified using standard
measurement of the Braille cells. The overall block diagram for the method proposed is shown in

Figure 3.
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Figure.3. Block diagram of proposed method

The Braille document is scanned and taken as input. The scanned document is converted to gray
scale and the noises are removed using Gaussian filter. To identify the dots, the image is
convolved with the Prewitt filter and thresholding the resulting image. The skew correction of the
document is done in two steps. First the rotation is corrected which is followed by scale
correction. The Braille dots are represented as white and non-dots are represented as black in the
resulting binary image.

3.1 Rotation Correction

Since the document is scanned, the maximum tilt is assumed to be 4 degrees in clockwise or
anticlockwise direction. The extreme coordinate of the white dots are used to identify the
direction of the tilt.

Let Xpyin and X« represent the minimum and maximum x coordinates of the white dots. Their
corresponding y values are represented as y(Xmin) and y(Xmax) respectively. Then the conditions in

Eq(1) and (2) specify the anticlockwise and clockwise rotation as illustrated in Figure.4. and
Figure.5 respectively.

(ijn)<Y(Xmax) ( 1 )

Y(Xmm) >y(xmax) (2)
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If both conditions fail then the document is not rotated.In the rotated document the global y,,, is
identified and vertical lines are drawn to the first encountered white dots from y,;,. The dots are
chosen only if its Y value falls in the range [y, I'], Wwhere T represents a threshold.

ymin min
xmi xmax
xmax xmin

Figure.4. Sample image for anticlockwise rotation  Figure.5. Sample image for clockwise rotation

A straight line is fit on the dots selected such that it minimizes the squared deviations of observed
Y co-ordinates from any alternative line as in Eq(4).

yi=a+bx (3)

De’=) (yi—yi)’ 4)

Where y; is actual y value, x; is independent variable x value at i™ position, y' is the predicted
value of dependent variable, a is a constant which representsthe point at which the line crosses
the Y axis when X = 0, b is regression slope, Z e’is the sum of squared errors in prediction. The

angle made by this line with the x-axis is calculated and identified as the tilt angle ‘a’. The sign
of the tilt angle varies based on the direction of rotation. The rotation is corrected by applying the
geometric transformation matrix as given in equation (5).

X cose sina O x'
y|=| —sina cosa 0 |x|Y' (&)
1 0 0 1 1

3.2 Scale Correction

The tilt corrected image is used for scale correction to fit the Braille document to standard
measurements. The binary image when projected on to Y axis gives the frequency of the white
dots for each horizontal line. A zero frequency signifies the horizontal blank lines, which may
occur between dots and between characters. A similar projection on X axis gives the frequency of
white dots for each vertical line. A zero frequency here signifies the vertical blank lines that
occur between dots and between characters. The presence of dots varies depending on the Braille
character, hence the distance between the dots and characters also vary. To get a reasonable
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judgement of the distances, a sufficiently large sub-window near the top left corner is considered.
This portion of the image is cropped such that the left and top blank lines are removed. The
centroids of the dots in the cropped image are considered for further processing. The ratios of the
horizontal distance between characters to distance between dots remain same irrespective of
horizontal scaling factor. It ranges from 2.6 to 2.78. A similar concept is applicable for vertical
distance ratio, which ranges from 2.08 to 2.54. The horizontal distance between every successive
pair of dot centroids are calculated. If the ratio of the distance falls in the specified range those
distances are considered. Since the ratio falls in a range, the most frequently occurring value is
found and its corresponding distance is used for calculating the scaling factor as shown in
equation (6)

Tisteance of cloosén call

Sf =

standord st aros

(6)

Where S; is the scaling factor. The standard distance differs according to the dpi of the input
image.For a 100 dpi image, pixel-mm equivalence could be found as follows. We know,

1 inch=25.4 mm (7
100 pix/inch=100pix/25.4mm (8)
Imm = 100 pix/25.4=3.93 pix )

Hence from the Braille cell dimension the standard horizontal distance between characters varies
from 23.58 to 25.15 pixels, the standard vertical distance between characters varies from 39.3 to
47.16 pixels. Once the scaling factor is known the image is de-scaled to standard size using
scaling inverse transformation matrix in equation (10).

X 1/p O 0 X'
yli=| O /g 0 |x|Y (10)
1 0 0 1 1

where p and q are the scaling factors obtained in horizontal and vertical direction from the input
image respectively and (x’,y’) are input pixel values and (X, y) are their corresponding output
pixels.

Simple Braille cell overlapping could be done on the scale corrected image. The extracted cells
can converted to Braille characters which can then be mapped to the corresponding alphabet as in

[7].
4. EXPERIMENTAL RESULTS

Several Braille documents of different dpi’s (say 100,300,400,600) were taken as input for both
scaling and rotation correction. The result shown below refers to documents of 100 dpi. A portion
of the scanned Braille document is shown in Figure.6.
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Figure.6. Scanned input image ] I Figure.7. Biay ige

The image is pre-processed and converted into binary image as discussed in previous section. A
portion of the binary image is shown in Figure.7.

4.1 Rotation
The first occurring white dot when tracing vertically up to a threshold distance T is found. All

such dots along the horizontal direction is indicated by vertical yellow lines in Figure.8. These
dots are horizontally joined by the cyan line.

centroid

regression

Figure.8 Before line fitting algorithm Figure.9. After line fitting algorithm

Image obtained after using line fitting algorithm for the dots which are lying in the cyan line in
the Figure.8 is shown in the Figure 9

The coordinates of dots so obtained are plotted as shown in Figure.10. It also shows the line with
minimum error.
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Figure.10 (a)graph for anticlockwise line fitting Figure.10(b)graph for clockwise line fitting
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The final image obtained after removing tilt is shown in Figure.11.

The actual rotation angle (8) the starting point and end point before line fitting (S, and E,) and
after line fitting (S; and E,), the experimentally calculated angle 8. and mean error of line fitting
M., are tabulated for different anticlockwise rotation angle in Table.1. A similar listing is done
for clockwise rotation angle in Table.2.

after inv rotation

Figure.11. Re-rotated image

Table.1 anticlockwise rotation

Actual 6 -4 -3 -2 -1

Start point (Sy) | (79,155) | (77,144) | (79,137) | (73,116)
End point (E,) | (845,101) | (843,102) | (850,107) | (844,103)
Start point (Sp) | (79,156) | (77,143) | (79,136) | (73,115)

End pt (E) (845,103) | (844,103) | (850,107) | (844,102)
0. 401 2.99 2.177 -0.97
M.., 224 2.04 5.35 -1.69

Table.2 clockwise rotation

Actual 0 4 3 2 1

Start point(Sy,) | (915,159) | (897,144) | (883,136) | (861,116)
End point(E,) | (149,109) | (140,108) | (126,110) | (141,106)
Start point(S;)) | (915,160) | (897,145) | (883,137) | (861,116)
End pt (E) (149,107) | (140,107) | (126,109) | (141,105)
0. 3.95 2.89 2.09 091

M, -4.06 5.53 -4.40 8.31

4.2 Scaling

The image obtained as a result of rotation correction is given as input for scaling correction.
Horizontal and vertical projections profiles are calculated. The horizontal and vertical lines with
zero frequency after eliminating consecutive zeros are identified as Braille cell boundary and are
shown in blue in Figure.12.
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centroid

Figure.12 Image after Profiling Figure.13. image with centroids marked

To decide the scaling factor and the ratio, 4 standard distances are considered. These distances
are calculated with the dot centres as reference.

Case 1: distance in horizontal direction within the same cell (wy,), which is 2.3 mm or 9.04 pixels
for a standard Braille cell (Std wy,).

Case 2: distance in horizontal direction between 2 consecutive cells (by). This distance according
to standard measurement ranges from 6-6.4mm i.e. 23.58 to 25.15 pixels (Std by,).

Case 3: distance in vertical direction within the same cell (wy), whose standard measurement is
2.5mm or 9.82 pixels (Std wy).

Case 4: distance in vertical direction between 2 consecutive Braille cells (by). This distance
according to standard measurement ranges 10.4 to 12.7 mm or 39.3 to 47.16 pixels (Std by).

Part of the profiled image is cropped and the centroids of each Braille dot are marked red in
colour as shown in Figure. 13. From the cropped image the distances and ratios are calculated as
specified in section 3. The top 3 most frequently occurring ratios that fall within the valid range
and their counts are tabulated in Table.3 for various % of scaling. The horizontal distance values
(wy and by) for the most frequently occurring ratio is listed in Table.4. Factr]l and Factr2 represent
the horizontal scale factor which are calculated from wy, and by, respectively using the formula

Factrl = wy+ Std(wy,) (11
Factr2 = b,+ Std(by) (12)

Table.3. Horizontal Ratio-count

size Ratio Count
%
rl r2 r3 cl | c2 |c3

25 2.60 2.64 2.69 6 3 2
50 2.61 2.68 2.72 3 3 2
75 2.66 2.70 2.60 5 2 1
Orig | 2.70 2.64 2.67 4 2 2
125 2.64 2.75 2.68 4 2 1
150 | 2.61 2.66 2.73 3 1 1
175 2.60 2.73 2.76 3 2 1
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Table.4 Horizontal distance and scale factor

Dist | Within | Betwn | Ratio Factr Factr
char char by+wy 1 2
(wn) (by)

%

25 \ 23 6 2.6 0.25 0.24

50 4.67 12.2 2.61 0.51 0.49

75 6.9 18.36 2.66 0.76 0.75

Orig | 9.04 24.47 2.7 1 1

125 | 1143 30.25 2.64 1.26 1.24

150 | 13.56 35.45 2.61 1.5 1.45

175 | 16.38 42.58 2.6 1.81 1.74

A similar procedure is adopted for vertical distances. The valid vertical ratios range from 2.08 to
2.54. Factr3 and Factr4 in the Table.6 represent the vertical scale factors, calculated from w, and
b, respectively using the formula
Factr3 = w,+ Std(w,) (13)
Factrd= b,+ Std(b,) (14)

Table.5 Vertical Ratio-count

size Ratio Count
%
rl r2 r3 cl | c2 |c3

25 2.16 2.41 2.34 4 2 2
50 2.19 2.22 2.10 3 2 1
75 2.21 2.32 2.25 4 2 1
Orig | 2.24 2.43 2.35 3 2 2
125 | 2.25 2.15 2.41 4 2 1
150 | 2.26 2.12 2.38 3 1 1
175 | 2.24 2.36 2.17 3 2 1

Table.6 Vertical distance and scale factor

ist | Withi [Between | Ratio Fact | Factr

n char |char (byxwy) | 13 4
(wy) | (by)

%

25 4.61 10 2.16 0.26 | 0.25

50 9.04 19.87 2.19 0.50 | 0.49
75 13.48 | 29.9 2.21 0.76 | 0.74
Orig | 17.74 | 39.9 2.24 1.00 | 1.00
125 | 22.18 | 49.8 2.25 125 | 1.24
150 | 259 58.65 2.26 1.46 | 1.48
175 | 31.04 | 69.8 2.24 1.75 | 1.74

To show the calculated distance between the Braille cells in horizontal and vertical direction, the
centroids of the dots are marked in yellow colour in (Figure.14). The distance between one
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Braille character to another which lie in the range of standard measurement in either direction are
marked in yellow colour in the figure.

Figure.14. Horizontal and vertical distances

S. CONCLUSION

Extraction of text from the Braille document images requires skew detection and correction like
normal document images. The skew detection for Braille documents is more challenging because
it consists of dots only. This paper suggests a line fitting based skew correction method. The
presence of noises could be mistaken for dots and hence noise removal and binarization process
plays an important role in skew angle detection. A simple template matching could be used for
Braille character extraction when the scale of the scanned document agrees with the standard
measurement. The scale factor of the skew corrected image is calculated using the ratio of within
character distance to between character distance.The arbitrary presence of dots is eliminated
comparing with standard range and the maximum is calculated by voting system.

Braille documents when created manually, there is a possibility that the Braille dots may not be in
a straight line, can be slanting between characters. This kind of skews could not be corrected by
the method. An algorithm for skew correction for 180 degrees has to be modelled in future.
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