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Abstract
This paper proposes the framework and implemented algorithm for text skew angle detection and auto correction of
scanned documents. The process of scanning the documents might cause their displacement and rotation, which later
affects the difficulty in text recognition process. The paper presents a developed application with the algorithm adapted
specially for the framework. The implemented algorithm is based on Fast Fourier Transform. The framework enables text
skew angle measurement and according to the archived results performs rotation and correction of the scanned document.
Evaluation of the framework was focused on determining accuracy in skew angle detection, on determining the
implemented algorithm sensitivity based on the resolution and quality of scanned documents. The evaluation showed that
the proposed framework achieved good results which provide guidance for the further development of similar
frameworks.
Keywords: skew detection; scanned document correction; document pre-processing; Fast Fourier Transform

1. Introduction
Digital signal processing, document scanning, content recognition, classification of documents has become an
increasingly important technology in the automation of office documentation tasks. In the systems for automatic document
recognition based on documents content, the quality of the scanned input image is crucial for the final system performance.
During document scanning, skew is an inevitable element which has influenced the incoming document image. Skew can
have an impact on difficulty in the process of texts recognition, which can ultimately result in wrong classification of the
document. To ensure quality of the text recognition process, different pre-processor techniques are often embedded in the
systems. The main task of all pre-processing techniques in the document scanning system is to prepare and improve the
quality of the input document image. The input image is prepared before the recognition and classification process.
In this paper we propose the framework and implemented algorithm for text skew angle detection and auto correction
of scanned documents. The framework is conceived as a pre-processor element in which several pre-processing
techniques are interconnected.
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The role of the proposed framework is detection of a possible skew scanned image and image correction for skew
angle. The article describes in details the implemented algorithm and its internal processes for auto correction. The
methods used in transforming scanned images, the way of testing and evaluation of the obtained results are described in
the paper.
The rest of the paper is organized as follows; some related work is expressed in Section 2. Section 3 presents the
structure of the framework and the methods used. Overview of the work principle is presented in Section 4. Section 5
presents the achieved results of the case study and discussion. Finally, the last Section is the conclusions and
recommendations for future research.
2. Literature review
Skew correction of a scanned document plays an important role in image pre-processing. A small rotation of the
document during scanning process can interfere in the image layout analysis and have a negative impact on the entire
recognition process. To solve this problem, a large amount of techniques and methods were developed to estimate the
skew angle of scanned document images. These methods are usually categorized into four types [1]: Fast Fourier
transformation [2]-[3], K- Nearest Neighbour [4]-[5], Hough Transformation [6]-[7] and Cross Correlation [8]-[9].
Ishitani [10], presented a skew detection method which deals with images containing a mixture of text areas,
photographs, figures, charts, and tables. The base idea of the proposed method is that skew is detected in the local regions
of the document. The obtained skew angle in the extracted local regions is defined as the overall document. Cao, et al.
[11], presented a novel skew detection method based on straight-line fitting. They introduced a concept of Eigen-points.
This method takes the bottom center of the bounding box of a connected component as an Eigen-point. According to the
relations between the neighboring Eigen-points in every text line, the Eigen-points laid on the baseline are extracted as
sample points. The average of these baseline directions corresponds to the skew angle of the whole document image.
Ramteke, et al. [12], presented the skew angle estimation and correction for Urdu document images script using the
moment method. The basic idea is to draw a random polygon over the text in a document. The skew angle is calculated
using Central moments and centroid of the document image. Li, et al. [13], presented algorithm based on wavelet
decompositions and projection profile analysis. The first step in their algorithm is decomposition of document images by
the wavelet transform. Document images are divided into sub-images with the discrete wavelet transform (DWT). The
matrix with the absolute values of the horizontal sub-band coefficients, which preserves the text’s horizontal structure, is
then rotated through a range of angles. A projection profile is computed at each angle, and the angle that maximizes a
criterion function is regarded as the skew angle. Boiangiu, et al. [14], presented the an algorithm that yields good results
on such images and proposes a confidence measurement to estimate the accuracy of the returned skew angle. The
presented algorithm is based on the observation that good skew features can be extracted from the borders of image
entities. The algorithm identifies lines of text and extracts skew angle information based on these lines.
3. Research methodology and the proposed framework
This section presents the basic method for the skew document measuring, explains in detail the structure of the
proposed framework, the most important elements and the implemented algorithm.
3.1. Fast Fourier Transform
Fast Fourier Transform (FFT) is an algorithm that samples a signal over a period of time (or space) and divides it into
its frequency components. In the domain of skew document detection, FFT is used to convert image pixel into frequency,
to transforms spatial domain information into the frequency domain information. Image as a source of the finite discrete
signal, represents an object that can be used the Discrete Fourier Transform (DFT). The DFT is the most important
discrete transform, a specific form of Fourier analysis. DFT algorithm in the process of transforming decomposes the
scanned image on sine and cosine components [15].
The input component in the algorithm is a scanned image from the spatial domain, and the output of FFT is an image
in the frequency domain. The scanned image as a discrete object contains a certain set of frequencies. The number of
frequencies usually corresponds to the number of pixels in the spatial domain of image. Using this claim, images in spatial
and Fourier domains are of the same size. In the framework algorithm for the conversion of the NxN spatial domain into
the frequency domain, the following equation (1) was used:
𝑁−1 𝑁−1

𝑘𝑎 𝑙𝑏
𝑖2π( + )
1
𝑁 𝑁
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where f(a,b) is the image in the spatial domain and the exponential term is the base function corresponding to each point
F(k,l) in the Fourier space, 1/N2 is normalization term used in the inverse transformation. The equation can be interpreted
as: the value of each point F(k,l) is obtained by multiplying the spatial image with the corresponding base function and
summing the result [16].
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3.2. Overview of the framework structure
The proposed framework is designed as a unity that allows skew auto-correction of scanned documents. The
framework is positioned before the document recognition system, in the pre-processing phase of the document. The
framework as a unity consists of three internal modules, as shown in Figure 1.
The first module is responsible for reducing the dimensions of the scanned image, before a text skew angle detection
of the scanned document. Conducted research and testing of the implemented algorithm determined that the FTT method
consumes the most process time, which is mainly proportional to the size of the dimensions of the scanned image. In
order to achieve high process speed, that module is embedded in the framework. The module reduces the scanned image
proportionally, depending on the original size of the document. The customized image is forwarded to the FFT/DFT
module. This module is responsible for skew estimation of the text. FFT/DFT algorithm for skew estimation is
implemented in the module. The result of the skew estimation is the measured skew angle, which is the input parameter
of the image correction module. The third, last module, is responsible for skew correction, scanned image rotation for the
skew angle. After rotation and correction, the image so prepared can be forwarded to the recognition system.

Fig. 1. Structure of the framework for skew angle detection and auto correction
For the purpose of this research an application prototype has been developed. This desktop application was
implemented in C# programme language. The application allows enter the scanned images of various sizes and graphics
formats, skew angle detection, measuring the time spent for each internal process, image correction.

Fig. 2. Framework application
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The user has a visual insight into the layout of the document before and after the correction. Figure 2 shows the screen
of the developed application. The application's main screen is divided into two parts: the left side of the screen displays
the layout of the original document, the right side shows the appearance of the scanned image after skew angle correction.
At the bottom of the application there are two buttons. The button “Calculate angle” launches skew estimation. The
calculated skew angle is displayed in the field on the right side of the button. The second "Rotation image" button triggers
the rotation of the original scanned image and its correction for the amount of the calculated skew angle. At the back end
of the application, measurement and recording time of internal processes is performed.
3.3. Algorithm
To implement the proposed framework, a new algorithm was developed, the algorithm that automates the entire
described skew correction process. The algorithm adjusts the dependence on the characteristics of the scanned document's
image features and formats. Shown below is the pseudo code for the algorithm implemented in the framework for
determining the skew estimation.
Pseudo code 1.
public float getRotationAngel(Image<Gray, float> inputImage)
{
Complex[,] V = FFT(inputImage); // Fast Fourier Transform
// preparing image pixel
float[,] Vabs = new float[inputImage.Height, inputImage.Width];
for (int i = 0; i < inputImage.Rows; i++){
for (int j = 0; j < inputImage.Cols; j++){
// get absolute value of real complex number
V[i, j] = Complex.Abs(V[i, j]);
Vabs[i, j] = (float)V[i, j].Real;
}
}
// FFT Shift method
float[,] aV = FFTShift(Vabs, inputImage.Height, inputImage.Width);
// remove middle pixel
removeMiddle(ref aV, inputImage.Height, inputImage.Width);
// sort pixel frequency
List<ValuePair> sortList= sortArray(aV,inputImg.Height, inputImg.Width);
// conversion frequency in to angels
float[] angels = (float)Math.Atan(Convert.ToDouble(y[i] / x[i]));
// histogram - calculate the finale skew angle
float angel = histogram(angels, 360);
return angel
}

At the beginning of the algorithm, the input scanned image of the document algorithm is forwarded to the FFT method
to convert image pixels from the spiritual domain to the frequency dimension. In this conversion, the pixel frequency
value is presented by the complex value. After conversion, the algorithm corrects the matrix of complex values. In the
calculation, the algorithm ignores the imaginary component of the complex value. The algorithm calculates the absolute
value of the real component of complex value, which is later written in the preparatory matrix.

Fig. 3. FFTShift method, swaps of the quadrant
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Thus prepared matrix with complex values is sent to the FFTShift method. It shifts the zero-frequency component of
discrete Fourier transform to the center of the spectrum, which is known as optical transformation. One of the reasons for
this is because most of the data of the natural image are in the low frequency components. A matrix with complex values
is divided into four quadrants. The method swaps the first quadrant with the third and the second quadrant with the fourth,
as shown in Figure 3. The transformation is shown in pseudo code 2.
Pseudo code 2
private float[,] FFTShift (float[,] inputMatrix, int N, int M) {
float[,] resultMatrix=null;
try {
// determination the of quadrants dimensions
float[,] quadrant1 = new float[(N - (N / 2)), (M - (M / 2))];
float[,] quadrant2 = new float[(N / 2), (M / 2)];
float[,] quadrant3 = new float[(N - (N / 2)), (M - (M / 2))];
float[,] quadrant4 = new float[(N / 2), (M / 2)];
int Nsize = (N - (N / 2));
int Msize = (M - (M / 2));
- dividing the quadrant and memorizing the original values
resultMatrix = new float[N, M];
resultMatrix <- the switch the 1st quadrant with 3rd quadrant
resultMatrix <- the switch the 2nd quadrant with 4th quadrant
return resultMatrix;
}

After the transformation is performed, the algorithm calculates the horizontal and vertical mean values of the image
size. From the center of the complex matrix the algorithm deletes central pixels, to avoid the undesirable effect of FFTShift
method and the error in calculating the skew angle. The central value of the complex matrix is set to zero.
In the penultimate step, the algorithm sorts matrix values and forms two vectors. The first scalar vector contains the x
component values and the second vector contains y component values of pixels. Scalar vectors are used for the final skew
angle calculation. The result of the calculation is the third, z-scalar vector, which contains the values of skew angles. Zvector is passed to histogram method, a method that compares the calculated frequencies. The method finds the max value
between all the frequencies. For the selected frequency, the algorithm calculates the angle which represents the skew
angle of the document.
4. Experimental results and discussion
For the purpose of this paper, this section presents the results of framework evaluation and the achieved results.
Evaluation of framework was performed in several test phases:
•
•
•
•
•

measures the accuracy of a skew angle detection,
determines the impact of the document resolution on the accuracy of the skew angle calculation,
determines the impact of the document size on the accuracy of the skew angle calculation,
determines the algorithm sensitivity and the impact on the skew angle detection in the document with the images,
determines the ratio of auto-correction speed depending on the size of the scanned image.

During the testing of accuracy of the skew angle detection, scanned images of different text documents were used. Before
measuring the skew angle, each scanned image of the original document is rotated for the exact angle. A professional
program, Adobe PhotoShop1, was used to prepare the scanned image of the document. The images are rotated for different
angles (negative and positive) and so prepared images are loaded into the framework.
Figure 4 shows an example of a skew angle calculation and image rotation for the rotated original image by -30
degrees. The original image is rotated for a negative angle of -30 degree plus initial rotation of the original document.
The size of the scanned document was 2082 x 2917 pixels. As shown in Figure 4, the calculated value of the skew angle
is -30.15421 degrees.

1

Adobe PhotoShop - a graphical tool designed for raster image processing, produced by Adobe.
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Fig. 4. Skew angle detection for -30 degree rotated image
If considered that the original scanned document had a small initial rotation, the accuracy of the skew angle calculation
in this example is 0.995%. At this stage of testing, 50 different documents were used and a mean accuracy of 99% was
determined. At this testing phase, scanned documents of 300 pixel / inch resolution were used. In the next phase of the
study, the sensitivity of the algorithm on changing the resolution of the scanned images was tested. At each skew image,
its resolution has been changed without changing the image size.
The algorithm evaluation was performed on equal images with the resolution: 300, 150, 72 pixels/inches. The original
images were rotated for: 30, 45, 60, -30 degrees. For each test image three measurements were performed, depending on
the image resolution. Table 1 shows the achieved results.

Angles degree
30
45
60
-30

300
30.07267
45.09093
60.05612
-30.15421

Resolution pixels
150
30.07267
45.09093
60.05612
-30.15421

72
29.80418
45.07172
60.03147
-30.13216

Table 1. The achieved accuracy of the skew angle estimation depending on the resolution change
In the first column of the table the skew angle values of test documents are presented. These are set angles that were
supposed to be calculated by our algorithm. In the columns with resolution labels the obtained results are presented. They
show a small difference between the calculated and the set test angles. The implemented algorithm achieved a high degree
of accuracy in skew angle estimation, regardless of the resolution changes.
The next evaluation referred to how the algorithm sensitivity level depends on the size change of the scanned image, to
what extent the scanned image size reduction has impact on accuracy of the skew angle estimation. During testing, the
size of the original documents has gradually been reduced. Four image sizes were used: original size, ½ ¼ and 1/8 size
of the original image. Figure 5 shows the ratio between the original and the reduced image (1/8 size). The text of the least
image size was extremely tiny and unreadable. In the evaluation of the calculation accuracy of the skew angle estimation,
the documents with texts and graphical elements were used. Table 2 shows the achieved results.
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Fig. 5. Size ratio between the original and the reduced image

Angles degree
30
45
60
-30

1499 x 1433
30.06473
45.05125
60.05612
-30.15421

Image size (pixels)
737 x 705
369 x 353
30.07987
30.02934
45.05441
45.05234
60.05612
60.03147
-30.13254
-30.09145

170 x 163
30.25063
45,73616
60,44936
-29,73802

Table 2. The achieved accuracy of the skew angle estimation depending on image size
As in the previous evaluation, in the first column of the table the skew angle values of test documents are presented.
In the other columns there are the achieved results of the skew angle estimation. The obtained results show that the
algorithm achieves extreme accuracy, with an average deviation of 0.08 degrees. The algorithm obtained slightly less
accuracy with the smallest image size, average error of 0.4 degrees.
In the next phase of evaluation, we had to try to determine the algorithm sensitivity and the impact on skew angle
detection in the document with the images. Documents that contained a large number of different drawings and a smaller
amount of text were used. Figure 6 shows one of the documents, rotated by 45 degrees, and the obtained result. In this
example, the algorithm achieved a score of 45,07486 degrees, the difference from the set test angle was 0.07 degrees.
Testing was performed on more than 40 different documents. The average error measured during the skew angle
estimation was about 0.05 degree, which is extremely small.
The latest research was focused on measuring and analysing the time taken by the auto-correction process, measuring
the duration of the internal processes of presented algorithm, individual time load throughout the auto-correction process.
Test results gave the answer which internal process influence the auto-correction process the most and needs to be
optimized. The following internal processes were measured in the algorithm: FFT, FFTShift, removing middle pixels,
sorting of frequency values, histogram and image rotation.
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Fig. 6. The achieved accuracy of the skew angle estimation on document with the images
During the tests we did not measure the absolute time spent by the process. We focused on determining the load ratio
of each internal process in relation to the whole process, determining which part of the algorithm most burdens the whole
process and in which process is possible future optimization. During the measurement, the size of the scanned image was
gradually changed. Table 3 shows the percentage of time spent on each internal process. The measured times show that
the execution of the FFT process takes the most auto-correction time, 86.11% of total time. This was to be expected
because FFT method converts each image pixel into frequency value.
Internal process
FFT
FFTSHIFT
REMOVE
SORTING
HISTOGRAM
ROTATION
TOTAL TIME

Precent %
86,11
0.24
0.03
11.39
0.01
0.22
100

Table 3. The times spent of internal process
Significant optimization and a greater reduction runtime of this part of algorithm can only be achieved if the number of
pixels is reduced. That is the main reason why is the dimension reduction module embedded in the presented framework.
Dimension reduction; it is the process of decreasing the size of image pixels of features and finding another feature with
lower dimensions. It includes the transformation of the initial set to another set for retaining maximum information. Figure
7 shows the relation between FFT processing time and the size of the scanned image. The obtained results indicate a huge
reduction of process time after reducing the image size. It is only important to find rate of image size reduction so that
the algorithm would be able to achieve a high level of accuracy in the skew angle estimation.

Fig. 7. FFT processing time depends on the size of the scanned image
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5. Conclusion
In this paper we present a framework for fast skew angle detection and auto correction of scanned documents. The
main motivation for the research was to develop a concept of frameworks with emphasis on FFT. Evaluation of framework
was performed on a lot of scanned documents of various sizes and resolutions. Tests are supposed to provide answers
about the quality of the framework and its embedded algorithm. During testing the algorithm shows a high degree of
accuracy of skew estimation for different resolution of test images. The testing was carried out in several phases, evaluated
the framework sensitivity and properties of the developed algorithm.
The framework work was very stable and reliable. Test results have detected that the new algorithm achieves good
results regardless of the size of the image and its resolution. In order to achieve faster skew angle detection, the module
for image dimension reduction is embedded in the framework. The obtained results have shown that reducing the image
size does not have a significant impact on the quality of the framework. The framework provides the ability to be upgraded
and improved in the future.
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