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In a handwritten text document, before identifying the character it is essential to
pre-process. During the pre-processing stage, identifying the skewed angle and
correcting the text document is a significant step. A few effective algorithms are
used in later stages to extract the features and identify the characters. In this pa-
per, Fourier Transform, Hough Transform, and Horizontal Projection Profile Tech-
niques are described in steps. These are implemented forskew detection, and cor-
recting techniquesin a Kannada handwritten document. Comparison analysis is
also undertaken in this study, to get unambiguousness about the suitable algorithm
to use on different documents for effectual results.
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1 Introduction

Kannada Handwritten text recognition is a challenging task, due to various reasons such as different
styles of handwriting, different font sizes, spacing between letters and characters, overlapping, and
multi-touch of nearby characters. When the document is scanned unnecessary noises [1] in artifacts are
captured, errors in segmentations, and complexity in computing with several deep learning techniques.
Along with all these and more, there exists a skew identification and correction [2] method which
becomes very much essential even before the recognition of handwritten Kannada characters[3]. If
undone, then the final output will surely be an improper result.

The process of digitalization has various steps that include in sequence as scanning the handwritten
document - removing the unwanted noises that get created during scanning -converting to binary
format - skew detection and correction — segmentation - and recognizing characters with accuracy and
efficiency.

The complete steps specified starts with pre-processing techniques [4] that require error minimization
to acquire accurate result. To achieve this, the following various techniques are specified to find the
skewed angle and correct the tilted document. components, incorporating the applicable criteria that
follow.

2 Related Works

Enhanced Supervised Learning Distance (ESLD) and R_ Clustering algorithms [5] are used to segment
and calculate skewness in the handwritten document. According to the algorithm, after preprocessing
is completed, the document is divided into several segments, first, classify the connected components,
second, identify the average width and height of each, and next, group using the R_Clustering
Algorithm. Further, calculate the gap using ESLD and extract the words. Now skew angle is estimated
based on the gap and deskewed the word. Here, care is taken not to consider overlapped words.

Various skew techniques that include the Hough Transform, Projection histogram, Method of Least
Squares, and Word Centroid Least Squares [6] were analyzed in the English handwritten
paper.According to their study, the Hough transform produces more accurate skewed results than the
rest of the skew techniques. The projection histogram delivers the least accurate outcome.The
document image while scanned might get skewed, then 4 skew correction methods viz., Hough
Transform, cross-correlation, K-Nearest Neighbour, and Fast Fourier Transformation were
experimented with various digitalized documents [7] and found that a Fast Fourier transform would
provide more correct results with less time than the rest.

The skew correction technique is applied to the ancient Kannada document. Since it is a historical
document, it needs a morphological as well as clustering technique [8] for identifying skew angles and
correcting them. The technique that was proposed, according to their experiments, the method
provided a good result. Another method involves determining the coordinates from the starting letter
to the ending letter. The slope is computed and converted from radians to the desired angle[9].
According to the standard dataset images were chosen, the result would give both positive and negative
skews in both left and right directions.

The skewed angle in the printed document can also be identified using deep learning techniques [10].
The machine is first allowed to learn the features of different languages and later feature testing is
applied. Gradually the skewed angle is identified by classifying the rotated image document from class
o to class 360.
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3 Various Techniques to Identify Skew Angle and Correct

The skewed angle in the document refers to the deviation in angle from the horizontal line. Some of the
techniques to identify deviated angle and correct this deviated angled document are specified as
follows:

3.1 Fourier Transform:

The name Fourier was from the scientist Jean Baptiste Joseph Fourier. This technique is a significant
method that is used to simplify the given image in sinusoidal waves, which are periodic signals to the
weighted summation of different frequency components. If the input is in terms of (x, y) coordinates,
then the output is transformed into a frequency series (see Fig. 1). Each wave can be represented in a
specific frequency and phase[18]. All waves put together form a summation of discrete frequency
components without loss of information.

phase

Figure 1: Amplitude and phase wave at particular frequency[19].

f(x) = Asin(2mux + @) @)

where A is the amplitude of the sinusoid, @ is a phase, u is the frequency of the sinusoid, and 27 is the

period of the sinusoid.
The sinusoidal wave is represented as the sum of several sinusoids of different frequencies with

amplitudes and phases as shown (see Fig. 2 and 3):
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Figure 2: Amplitude Spectrum [20].
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Figure 3: Phase Spectrum [20].

This transformation is important, as certain operations can be performed and then reconverted to the
original image. These transformations can identify the minute detailed feature, which otherwise could
not be identified. Moreover, it is used for edge detection, smoothing, and denoising on various
applications.

Fourier Transform represents a signal f(x) to the sum of amplitudes and phases of different
frequencies.

Fourier
Fx) ——— Fu)
Transtorm

(2)

Equation of Fourier Transform

F(u) = f_mw F(x)e -2mux 4y 3)

, which is a continuous integral component and the variables used in the equation, represent such as x:
space, u: frequency,e'® = cos@ + isin@ ,i=v—1, j: direction, F(x): original signal

F(u) = Real F(u) + i Imaginary F(u) @

Fourier Transform is a complex form and represents frequencies of both positive and negative
components.

The equation for Discrete Fourier Transform
1 aN_1 —j 2mkn
F(uo) =< ENgFmye v ®)

which is a discrete component and the variables used in the equation represent such as u is frequency,
evaluating n values of N samples in kth frequency and in j direction. It is the summation of k
frequencies from n=0 ton=N-1.The steps involved in Discrete Fourier Transform is as follows:

1. The scanned image is converted to grayscale and undergoes a noise-reducing process.

2. The grayscale and the denoised image are binarized and the threshold value is calculated.

3. The center of the image is shifted at the origin of the cartesian system by multiplying it with the
phase shift term.

4. The power spectrum is computed using an absolute square of the Discrete Fourier coefficients.
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Magnitude Spectrum=sqrt(Real(F(x, y))"*2 + I(F(x, y))"2 ©
6

where Real(F(x, y)) is real components of F(x, y)
I(F(x, y)) is imaginary components of F(x, y)
5. Calculate the frequency in the power spectrum. This corresponds to the angle of the image.

theta=atan(y/x) @

where theta is the skew angle.
x, y are frequency coordinates of the peakmagnitude.

6. Apply the rotation algorithm based on the angle found in step 5.
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Figure 4: Original Scanned Document

Figure 5: Computed frequency spectrum angle.

\rmage meated by angle 404 degrees

Figure 6: Rotated by calculated angle.
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The input document is scanned, converted to grayscale, and removed noise (see Fig. 4). Then
binarization process is undergone and the threshold value is calculated. The frequency spectrum is
calculated (see Fig. 5). Based on the angle obtained, a rotation algorithm is used to correct the skewed
document. The above document was skewed to -40.4 degrees (see Fig. 6).

The Fourier transform will be better suited for detecting global skew i.e., when the entire document is
rotated by the same angle. It might not be as effective in detecting local skew, where different parts of
the document have different rotation angles.

3.2 Hough Transform

The algorithm was designed by Paul. V. C. Hough. It is used mainly for edge-linking in image
processing.
The following steps are used to identify skewness [11, 12, 13,14, 15, 17] and correct the document.

1. To detect the edge, a few edge-detecting algorithms are used such as Sobel Operator, Prewitz
Operator, Canny Edge Detector, Robertz Operator, and Scharr Operator. Using any of these mask
algorithms, boundaries are identified. If there are discontinuous boundaries, then the Hough
Transform algorithm is used.

2. The parameter(slope and y-intercept) space is used to indicate the possible shapes in the image.

3. For every boundary pixel in the image, a line is drawn to indicate likely shapes that could occur at
that point.

4. An array is generated that specifies the likely shape in the parameter plane of the image. This
array is used to compute the threshold value to find the probable shape of the given image. Only
the values that are greater than the threshold value are selected.

5. These are then extracted to represent the original image shape.

In this algorithm, a line equation is used to join the points. Here while doing so, the input image which
is in the spatial plane is converted to Hough space. This Hough space is otherwise called parameter
space that is in the form of a c-m (intercept-slope) plane.
The line equation,

(€]

yj = mx; +COr ¢ = —xym-+y;.

Further, to detect lines drawn in the image

p = xcosB + ysind, ©

where p is the length of a point to the line detected, (x, y) is the coordinate of a point in an image, and 6
is the angle between the line and the x-axis.

Detected lines

Figure 7: Lines drawn for the edge detected.
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Figure 8: The line peak angle is found and rotated accordingly.

The input document is scanned, converted to grayscale, and removed noise. Then binarization process
is undergone and the threshold value is calculated. Here edge is detected using the Canny edge
detector, and the Hough transform is used to draw the line (see Fig. 7). The above document was
skewed to -12 degrees (see Fig. 8).

It can handle noisy images effectively, as it works based on a voting scheme. Even if some edge points
are corrupted by noise, the dominant lines can still be detected accurately.Detects lines of any
orientation that need not be necessarily horizontal or vertical. However, with its computational
complexity, it can be a concern in large-scale image analysis.

3.3 Horizontal Projection Profile

In Horizontal Projection Profile (HPP), it is the sum of positive numbers along the x-axis and y-axis. In
binarized images, the image that is first converted to grayscale is the pixel values from the range of o to
255 according to the pixel intensities or brightness values. Later identified the threshold value of these
pixels. Further, replace the values with binarized one that is either o to 1 depending on the less than
threshold value and greater than threshold value respectively.

The pixel values which are 1, positive values are summed up either the x-axis or y-axis. The pixel values
are summed up in row-wise is horizontal and the values summed up in column-wise is a vertical
projection profile.

The steps to follow to identify skewness and rotate the handwritten document are as follows:

1. The gray-scaled image is converted to a binary image.
2. The binary image is used to compute the horizontal projection profile.

3 PM=3[=ton—D]IG) (10)

where P(i) is the projection profile for row i, n is the total columns in the image, I(j, j) is the pixel value
at row i and column j.

4. Calculate the mean and standard deviation of the values in the projection profile array.
5. Compute the skewness of the horizontal projection profile using the formula:

skewness = (%) * Z [(xi - mean)/std_dev] A3 (11)

where N is the total rows in the image, xi is the value of the horizontal projection profile at row i, mean

is the mean value of the horizontal projection profile, and std_dev is the standard deviation of the
horizontal projection profile.
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6. The value can be either positive or negative depending upon the slantness.
7. Applying a rotation transform to correct the skew in the document.
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Figure 9: The input document was rotated to an angle of -10.53

In this process, the input document (see Fig. 4) is converted to a binary image. The horizontal
projection profile is calculated on the binary image. The mean and the standard deviation of the array
are computed. Based on these values, the skew angle is determined [12,16, 17]. Rotation transformation
is applied to the document so as to align it horizontally (see Fig. 9).

Though HPP can be used in an efficient manner for well-structured documents, care has to be taken
while implementing it in certain documents. Those documents that have more noise, small fonts, lower
/ higher resolutions, and skewed text, cannot provide a satisfactory result. As more noises can lead to
false peaks that can affect the succeeding outcomes, small fonts might not generate peaks, lower
resolutions can result in loss of fine details, high resolutions can result in increased computations, and
skewed text might require extra steps of preprocessing.

4 Observation Analysis

In the Fourier Transform, directionality is lacking, as it has no parameters to identify the orientation of
directions and it is suitable only for the periodic continuous wave and not for the non-periodic wave or
signal. As the document image is transformed to a frequency plane from a spatial (x,y) plane, that can
lead to difficulty in analyzing the result because of transformations.For Kannada handwritten
documents, this algorithm is suitable for reducing noises, pattern enhancements, compressions, and
text extractions.

In Hough Transform, the limitation is that, if the document is vertically inclined, then it will have an
infinity slope. Moreover, every time the output line must be converted into polar coordinates. It is
difficult to accurately detect overlapping shapes. But from the output perspective, that is arrived, the
Hough transform can be applied to the handwritten Kannada document to identify the skewness and
correct the angle. Few refinements need to the applied to the algorithm when in case it is applied to
handwritten documents. This is because of the font styles, size, and shape written in the artifact.Also,
those documents that require the identification of patterns, and shapes can get expected results from
the algorithm.

The Horizontal Projection Profile can be difficult to use if the text is of a small size. Because the basic
concept of HPP is the sum of black pixels in the row. This summation will not create a peak that in turn
couldn’t be used to segment the line or the word. If the document contains irregular text layouts, the
profile may not accurately represent the dominant orientation of the text. Moreover, if there are large
gaps between columns can also lead to incorrect skew detection. The Kannada documents that are
required for segmenting paragraphs, lines , detecting skew angle is suitable to use this HPP algorithm.
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5 Conclusion

In this study, various skew detection and correction algorithms were used along with different skewed
handwritten documents. Every algorithm has its strengths and limitations. These algorithms cannot
provide a perfect solution for a particular handwritten document, as every algorithm has its expertise in
a different arena. But when applied in a particular way, the algorithms will give the desired result. The
Fourier Transform when applied to find frequency-based analysis such as filtering, compression, and
so on, gives the finest result. In the same manner, when the Hough Transform is applied in computer
vision tasks like object recognition, detecting lines, circles, and other shapes will obviously provide the
best solution. When the Horizontal Projection Profile is applied to analyze or extract information from
an image based on horizontal or vertical pixel values, will give the required answer. In future work, an
algorithm that could minimize the loss of features in an image and align the document with the best
accuracy needs to be worked on.
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