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Abstract

Skew angle detection and correction an integral
part of any OCR system. Without proper skew
correction, the performance of an OCR will simply not
be acceptable for most scanned images. We propose
an innovative method for skew angle detection and
correction for Bangla scripts using the Radon
Transform. The basic idea is to identify the upper
envelope by detecting the headline that accompanies
most of the letters in the Bangla script, and then apply
the Radon Transform to this upper envelope to get the
skew angle. Once the angle is known, the correction is
quite trivial to perform. While the current
implementation handles only a single skew angle per
text image, it can be extended to handle multiple skew
angles by partitioning the document image.

1. Introduction

Optical Character Recognition (OCR) is a
technology to convert digital image of text to editable
text. A typical usage of an OCR is to convert a
scanned image of text on paper to a text document that
can be further processed on a computer. Before the
actual character recognition step, the input image must
be pre-processed; the first step is to recognize the
regions of the image as text, and only apply
recognition on those regions; the image is then
corrected for skewing, with each region of text re-
aligned before going on to the next stage; then the
lines, words and perhaps even characters are
segmented to form the minimal constituents that are
then recognized by the OCR. When a document is fed
to the optical sensor (scanner) to get the digital image,
there may be a few degrees of skew. Skew angle is the
angle that the text lines in the digital image make with
the horizontal direction. Therefore, skew estimation
and correction are important steps before line
separation. This paper deals with skew angle detection
and correction.

A recent work in this area uses the Digital Straight

Line (DSL) to find the skew angle in the scanned
images of text [1]. This DSL-based method provides a
good compromise between performance and accuracy;
in comparison, our Radon Transform-based method is
more accurate, but the runtime performance is slightly
slower than [1].

We review the properties of the properties of the
Bangla script and the theory of Radon Transform in
sections II and III; we then describe our methodology
and evaluate our implementation in section I'V; finally,
we conclude with a look at future work in section V.

2. Some Properties of Bangla Script

The writing style of Bangla is from left to right
with 11 independent vowel and 39 consonant
characters. We may be called these characters as basic
characters (Fig. 1). The concept of upper/lower case is
absent in Bangla. From Fig. 1 it is noted that most of
the characters have a horizontal line at the upper part.
This horizontal line is called headline. In Bangla
language, we call this line ‘matra’.

Out of these 11 independent vowels 10 vowels has
dependent form. The dependent vowels with examples
are shown in Table 1. If the first character of the word
is a vowel then it remains its independent form.
Generally a vowel following by a consonant takes a
dependent form and placed at the left or right or both
or bottom of the consonant.

For two consecutive vowels following by a
consonant in a word, the second one remains in its
independent form as shown Figure 2.

A consonant followed by a consonant sometimes
takes a compound shape which we call as compound
character as shown in Table 2. There are about 250
compound characters, most of which are formed by
consonant-consonant combination. Compounding of
three consonants is also possible. Most interesting
thing is if we change the order of two consonant the
compound character is changed.



JAMITHTT
Tqqee

(a) Vowels

FLANTE T A®TIT
TAICARYTATISNIR

w

FHIANRTUD I TRIRI &

(b) Consonants

Figure 1: (a) Vowels; (b) Consonants

L+ 9+ 8-> AS

Figure 2: A word with dependent and independent
vowels

Table 1: Example of independent and dependant

vowels

Independe | Example | Depende | Example

nt Shape nt shape
L= Sl | oA FIeT
2 |3 o | fo o
30| % e & oI
4 |T o ) oy
5 1% T ) sye
6 | @ | g ST
714 aF e &
8 | @ QA | O e
9 | s | ] o
10 | @ 87q | ¢F Tt

Table 2: Some compound characters

Consonant | Compound
combination character
PP 3
FO &
IO QA
RS 7
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Reyc 3]
@& ®
FEFEV =]

As we mentioned earlier, most of the basic
characters have a head line (matra). Out of 50 basic
characters 32 characters have this matra (head line).
Here we can detect the skew angle using this matra.

3. The Radon Transform

Radon Transform, much like the related but
better-known Hough Transform, is able to extract line
parameters from two-dimensional images with
embedded lines. The transform creates peaks for each
line in the image, and one can extract the line
parameters from the positions of these peaks.
Consequently, both of these transforms are extensively
used in applications requiring line detection. A
common definition of the Radon Transform for an
image g(x, y) is as follows:

2.0~ | J e(en)dp- w030~ ysinOydxdy

—00 —00

or, equivalently:

2(p,0)= T g(pcos@—ssind, psin @+ scosb)ds

If we apply Radon Transform to the image with two
straight lines as shown in Figure 3(a), we see the
resulting image in Figure 3(b). The transformed image
clearly shows the two bright spots corresponding to the
two lines, with the positions providing the line
parameters. The process of identifying the lines in an
image is then quite simple: apply Radon Transform to
an image with lines, extract the bright peaks using
some threshold, and then extract the line parameters
from the positions of the peaks. [3]
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a) Input image
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a) Transform result

Figure 3: Example of radon transform

4. Methodology and Results

statistics

From [1] and [2] we found some important
for Bangla language. Some important

statistics are:

1.
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The average length of Bangla words is about six
characters.

About 30%-35% of characters are vowel
modifiers which, being small in size, contribute
very little to the head line of the word.

Most basic characters are consonants, as vowels in
basic form can appear at the beginning of the
word or when two vowels appear side by side.

Compound characters are very infrequent,
occurring in about 5% of the cases only.

In Bangla 41 characters can appear in the first
position of a word. Out of these 41 characters 30
characters have head lines.

6. Probability of getting a character with head line in
30

the first position of a word is , === and
|
getting a character without head line in the first
e 11
positionis| — =_.
P

7. In other positions of a word are mostly consonants
and 28 out of 39 Bangla consonants have head
lines.

8. Probability of getting a consonant with head line

for other positions in a word is p = 28 and
> 39
probability of getting a character without head line
in other positions is — P, = 11
39

9. Thus, probability of all four characters without
head line in a word is (1 — P;)(1 — P5)*=0.00601
(assuming that all characters are equally likely and
independently occurring in a word). Hence,
probability that a word will have at least one
character with head line is 1 - 0.00601 = 0.99399.
The practical situation is better than these
estimates since characters are not equally likely in
a word and most frequently used characters have
head lines.

In Bangla, a head line connects all characters in a
word; therefore we can detect a word by the method of
connected component labeling. As mentioned in [1],
for skew angle detection, at first the connected
component labeling is done. At the time of component
labeling, for each labeled component its bounding box
(minimum  upright rectangle containing the
component) is defined. The mean b, and standard
deviation b; of the boundary box width are also
computed. Next, components having boundary box
width greater than or equal to b,, and less than b, + 3b;
are preserved. By threshold at b, the small
components like dots, punctuation marks, isolated
characters and characters without head line are mostly
filtered out while by threshold at b, + 3b; big
components that may represent graphs and tables are
also filtered out. Because of these filtering processes
the irrelevant components cannot create error in skew
estimation.

Then we find upper envelope of the selected
components as mentioned [1]. From each pixel of the
uppermost row of a bounding box, we perform a
vertical scan and as soon as a pixel is found. The set of
pixels obtained in this way denotes the upper envelope



of the component. In Fig. 4 we take digital image of
text having 30 degree of skewed angle. In Fig. 5 we
show the Upper Envelope of Fig. 4 after threshold as
previous. Note that in most of the cases the upper
envelope contains the headline. In this way we could
filter out the irrelevant data for further processing.
Here we will apply Radon Transform technique on the
upper envelopes for skew estimation.

Figure 4: Digital image of text having 30 degree of
skewed angle

The Radon transform of a function f(x,y) is
defined as the integral along a straight line defined by
its distance P from the origin and its angle of
inclination @, a definition very close to that of the
Hough transform, but requires a lot more
computational power. However, as processing power
keeps on increasing at a fast pace, that may not be as
much of a problem even for small personal computers.

The Radon transform can detect a line in any
angle. Here we are considering all the line has same
skew angle and the range of angle is -45° to 45°. Here
Radon transform will detect the angle from the upper
envelope. If the skewed angle is more than 45° or less
then -45° the upper envelope may contain 2 lines in
different direction. An example is shown in Fig. 6
having 50 degree of skewed angle which may create a
problem.

After detect a lines Radon transform give the
angles and distance of lines from the origin. The
Radon transform of Upper Envelope (Figure 5) is
shown in Figure 7.
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Figure 5: Upper envelope of Figure 4 after
threshold
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Figure 6: Two straight lines in a single word

In Figure 7, the point which has intensity high is
repeating a straight line. Here we can see that all the
straight line has the same degree which is 120. To find
the desired angle we have to subtract this angle from
90 degree and the desired skewed angle is 90 — 120 =
—-30. So, if we rotate the digital image (Figure 4) in
degree —30 then we will find our desired image (Figure
8).
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Figure 7: Radon transform of upper envelope
(Figure 5) In this case, the accuracy of radon
transform is 100%
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Table 3 shows that, for a wide range of skew
angles, the algorithm detects the correct angle in each
case.
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Figure 8: Image after rotate

Table 3: Performance of radon transform based
skew angle detector

Original skew angle in Skew angle using
degree(manual) propose method
35 35
30 30
20 20
10 10
5
2 2

5. Conclusion

Skew detection is a fundamental step in the pre-
processing stage of any OCR system. The input must
be properly aligned with respect to some axis before
the recognition engine can achieve the high level of
accuracy, often approaching 100%, offered by today’s
commercial OCR systems. The complexity of the
Brahmi family of scripts poses a challenge when
computing the skew angle. We propose an innovative
method of computing the skew angle using the Radon
Transform, often achieving 100% accuracy over a
wide range of skew angle (45 degrees). Future
extensions to the current implementation will handle
multi-skew document images by partitioning the image
and then performing this algorithm on each of the
partitions.
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