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Abstract—An important pre-processing task in an automated document image processing system is 
detection of skew in the image. Skew detection and correction is the first step in the document analysis 
and understanding processing steps. Correction the skewed scanned document image is very important, 
because it has a direct effect on the reliability and efficiency of the segmentation and feature extraction 
stages. It is desirable to have a fast, all-purpose skew detector.  This paper proposes a novel two phase 
method. This two phase method reduces the skewed data before applying the skew detection and 
correction methods. A combination of the two phase method and the Hough Transformation can quickly 
and accurately detect skew on a wide variety of document images. Results of a test of the new algorithm 
and a comparison against the simple Hough transformation algorithm on 100 pages show the new 
algorithm to be much faster. 

Keywords-Skew detection; Hough Transformation; Two phase data reduction; Projection Profile; Least 
Squares method; and Principal Component analysis. 

I. INTRODUCTION 

Skew is the alignment of lines of text with respect to the horizontal normal and it can either be clockwise 
(positive) or anti-clockwise (negative).In machine printed scripts, skew usually occurs due to incorrect alignment 
of the page during the scanning process. On the other hand, skew in handwritten scripts can also be introduced by 
the writer. This causes difficulties in the segmentation and recognition processes if not corrected in an OCR 
system. 

Skew and orientation detection plays an important role in document image preprocessing, especially in noise 
removal [1] and binarization [2]. This is because the successive processing techniques will fail to work correctly 
since usually both layout analysis [3] and OCR [4, 5] assume pages to be in the correct orientation. 

The orientation and skew detection methods can be broadly classified into three parts, skew-only detection 
methods, orientation-only detection methods and combined skew and orientation detection methods. 

Cattoni et al. [6] and Lu [7] discussed the various skew methods like projection profile, Hough transformation 
and connected components etc. For orientation detection, a method using the ascender to descender ratio was 
presented by Caprari [8] in 1999. An up/down orientation detection method for different scripts was presented by 
Aradhye [9] in 2005. In 2006, Lu et al. [10] present a method for language and orientation detection using the 
distributions of the number and position of white to black transitions of the components in the line. In 1994, Le et 
al. [11] presented a system capable of detecting portrait or landscape mode images and then the skew angle. In 
1995 Bloomberg et al. [12] presented a method for orientation detection that uses the ratio of the number of 
ascender characters to the number of descender characters used in English. A more recent method using the 
ascender to descender ratio for orientation detection is presented by Avila et al. [13].  

Hough transform was used by Srihari and Govindaraju V [15] for skew detection. In Hough transformation 
the Cartesian space (x, y) coordinates are mapped to a sinusoidal curves in (ρ, θ) space coordinates using the 
transformation  

Ρ = x cos θ + y sin θ     (1) 

Every time a sinusoidal curve intersects another particular value of ρ and θ, the likelihood increases that a line 
corresponding to that (ρ, θ) coordinates value is present in the original image. An accumulator array is used to 
count the number of intersect the various ρ and θ values. The skew is then determined by the θ values 
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corresponding to the highest number of counts in the accumulator array. Le, Thoma and Wechsler [14] use 
bottom pixels of the candidate objects within a selected region for Hough transformation. The hierarchical Hough 
transformation technique is also adopted by Yu and Jain [16]. The main idea of the above methods is to reduce 
the amount of Input data, but their computational complexities are still very high. H.K.Chethan and G.Hemantha 
Kumar [17] presented a method for separating or removal of graphics like logos, animations other than the text 
from the document and finally textual content skew is corrected and characters are recognized using commercial 
OCR using horizontal  and vertical projection and then Hough Transformation. Atallah Mahmoud Al-Shatnawi 
and Khairuddin Omar [18] discussed the challenges facing the Arabic skew detection and correction methods and 
proposed a method to detect and correct the skew using an arbitrary polygon and derivation of the baseline from 
polygon’s centroid.  

Chiu L. Yu, Yuan Y. Tang and Ching Y. Suen [19] presented an algorithm to detect skew in a totally 
unconstrained document. This algorithm can detect the skew angle complete page and also in different document 
blocks which contain different skew angles. Iuliu Konya Stefan Eickeler Christoph Seibert [20] introduces a 
generic, scale-independent algorithm which is capable of accurately detecting the global skew angle of any 
document images within the range [-90, 90] degrees and also for Roman script documents for a full range [-
180,180) degrees of possible skew angles B.B. Chaudhuri and U. Pal [21] proposes a method to detect the Skew 
angle of scanned documents containing Indian scripts using the peculiar characteristics of these scripts known as 
headlines.  Zhang Ruilin, Hu Yan, Fang Zhijian, Zhang Lei [22] presented a method which combine the 
characteristics of fabric images and the weft direction information extracted by Sobel operator detect the skew 
angle in scanned fabric image using Hough transform. Changyou Li, Quanfa Yang [23] discussed an algorithm to 
detect the skew angle of a scanned track image based on wavelet transform and linear least square fitting method.  

The cross-correlation method proposed by [24] is based on the correlation between two vertical lines in a 
document image. As the pixels in the two parallel lines are translated due to skew, correlation matrix can be 
produced, it is defined as 

Rሺx୭	, sሻ ൌ 	∑ Lଵሺx଴,୷ 	yሻLଶሺx଴ ൅ d, y ൅ sሻ  (2) 

Here, L1(x, y) and L2(x, y) represent the two parallel vertical lines, respectively, d is the space between L1 
and L2 and s is the maximum translation. Though this technique can result in accuracy, it is time consuming to 
calculate the correlation matrix and its projection profile. Furthermore, in certain situations parameter d should be 
changed and backtracked, which may increase the computing cost. 

This paper proposes a novel two phase data reduction method. A combination of the two phase data reduction 
method and the Hough Transformation can quickly and accurately detect skew on a wide variety of document 
images. The proposed two phase data reduction method reduces the skewed data before applying the Hough 
Transformation for skew detection and correction. The approach used in this paper may be described by starting 
with the figure 1, which represents a skewed binary image. This image is applied to the two phase data reduction 
algorithm whose final output is shown in figure 3. This figure shows that the remaining pixels are almost all 
oriented in the same direction. After the two phase reduction, the skew angle of the reduced image is detected by 
using the Hough transform.  

II. SKEW, ITS REASONS AND DETECTION APPROACHES 

The conversion of paper documents to electronic format is required for many computerized processing’s like 
document archiving, automated document delivery, journal distribution, record management, etc. The stages of 
document conversion include scanning of the document or capturing the document image with the help of a hand 
held device like camera or mobile, displaying, image processing, text recognition, image and text database 
creation and quality assurance. During the image capturing or scanning process, the whole document or a portion 
of it may be misaligned causing skew.  

Human vision can easily detected considerable skew in document and the skew correction can be made by re-
scanning the document or re-capturing the image. The human vision system fails to detect the modest skew. Even 
a smallest skew angle existing in a given document image results in the failure of segmentation of complete 
characters from words or a text lines, as the distance between the character reduces. Additionally most of the 
OCRs and document retrieval/display systems are very sensitive to skew in document images. 

It is important to detect and correct skewness. In the past, many approaches were proposed for skew angle 
detection of document images and their correction. Main approaches for skew detection include Hough transform, 
Projection Profile, nearest neighbor, Principal Component Analysis, Least Squares method, and EM Based 
Algorithm. All of these approaches require a dominant text area to be present in order to work properly.  

The most popular method for skew detection is by using the Hough transform. It is capable of locating 
disjointed lines in a binary image. Therefore given a group of black pixels, one can find the imaginary line or 
lines that go through the maximum number of these pixels. Given a binary image with a dominant text area, the 
detected lines will most probably go along the whole middle zone of the textual lines. Hence these lines have 
approximately the same skew as the reference lines of the text which the skew of the whole page. Whenever the 
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symbol. For the purpose of pixel reduction, a new technique is being proposed in this paper. The technique is 
known as ‘Two Phase Data Reduction’. It takes the original image and reduces it in two phases.  

The purpose of this proposed Two Phase Data Reduction technique is to reduce the black pixels while keeping 
the features of the image intact than extract features from the binary image which are used to detect the document 
skew angle using the Hough Transformation in a much faster way. 

In the first phase, each column of the image is scanned. For each black pixel, the next immediate pixel, i.e. the 
pixel in the same column but next row, is checked. If the next immediate pixel is white, then this black pixel is 
retained in the new binary image ‘A1’ else this black pixel is ignored. This image ‘A1’ is the intermediate image 
obtained at the end of the first phase. 

The figure 1, shows the original image which is to be reduced, so that the skew angle can be calculated by 
Hough Transform in a faster manner. The figure 2 shows the intermediate image at the end of the first image. 

In the second phase, the intermediate image ‘A1’ is further reduced. For each row of the image ‘A1’, a count 
of the black pixels in each row is found out. Based on this count, the mean number of black pixels in a row of the 
image ‘A1’ is calculated. For each row of the image, check whether the row has a black pixel count greater, equal 
or lesser than the mean value. If this row has a black pixel count greater than the mean value, then this row is 
retained in the new binary image ‘A2’, else ignore this row for the new binary image ‘A2’. ‘A2’ is the final, 
reduced image obtained at the end of the second phase. 

The figure 3 shows the reduced image obtained after processing the original image of figure 1. 

The process and algorithm of the Two Phase Data Reduction can be recapitulated as below:  

1. For each column of the binary image 

a. If the pixel is black, check whether the immediate next pixel, i.e. the pixel in the next row 
within the same column, is white. 

b. If the immediate pixel is white, then retain this black pixel in the new image ‘a1’ else ignore 
this black pixel. 

2. The image ‘a1’ is the intermediate image, obtained at the end of the first phase. 

3. For each row of the image ‘a1’, count the number of black pixels in each row. Based on this count, 
calculate the mean number of pixels in a row. 

4. For each row of the image ‘a1’ 

a. If this row has a black pixel count greater than the mean value, then retain this row in the 
new image ‘a2’. 

b. If the row has a black pixel count less than or equal to the mean value, then ignore this row 
for the new image ‘a2’. 

5. The image ‘a2’ is the final reduced image.  

A. Skew Angle Detection Algorithm using Two Phase Data Reduction 

The algorithm creates a simplified binary image from the original binary image and applies the Hough 
transform on the simplified binary image to get the document skew angle. The document skew angle detection 
algorithm can be summarized as follows: 

a. Obtain a simplified binary image by ‘Two Phase Data Reduction’. 

b. Apply the Hough Transform on the image. 

c. Calculate the peaks of the Hough Transform. 

d. Identify lines in the image. 

e. Identify the angles of the lines. 

f. Calculate the average skew. 

IV. RESULTS: 

It is well known that the Hough Transform is computationally expensive. The technique of ‘Two Phase Data 
Reduction’ was tested on a set of 21 images and the reduced images obtained were then used for skew detection 
using the Hough Transform. These 21 images are of different image formats. Three of the 21 test images are 
shown in figure 4, figure 5, figure 6 and figure 7. The three test images shown in these figures are of .png, .jpg 
and .bmp formats respectively.  
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These images also include handwritten as well as typed text. So this two phase data reduction method is 
applicable in wide varieties of images.   The skew of these two test images are then corrected using the Hough 
Transformation as shown in figure 8. 

 
A comparison between the Hough Transform and Hough Transform using Data Reduction has been made on 

the basis of accuracy and speed. The code was run on MATLAB 7.0 and on a standard Pentium IV processor. 
These results are tabled in table 1. 

 

             

Figure 4: Two Phase Data Reduction   Figure 5: Two Phase Data Reduction 

 applied on Test Image 1    applied on Test Image 2 

Original Image 

Image after first phase 

Image after second phase

Original Image 

Image after first phase 

Image after second phase 
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TABLE . TABULATED RESULTS SHOWING THE REDUCTION IN COMPUTATIONAL TIME AFTER APPLYING THE TWO PHASE DATA 

REDUCTION TECHNIQUE 
 

Image Image Size Total 
Black 
Pixels 

Black Pixels (after 
reduction) 

Skew (in 
degrees) 

Skew (with 
data 

reduction) 

Time (in 
seconds) 

Time (with 
data 

reduction) 

% Reduction 
in time 

Test Image 1.png 708 x 414 33878 4416 2 2 1.57 0.93 40.76 

Test Image 2.jpg 1734 x 1397 86706 6712 -6 -3 5.62 4.24 24.55 

Test Image 3.bmp 908 x 579 36569 1765 3 3 2.12 1.08 49.05 

Test Image 4.bmp 884 x 552 36743 1966 -7 -6 2.04 0.98 51.96 

Test Image 5.jpg 720 x 133 3455 720 -1 -1 0.65 0.54 16.92 

Test Image 6.jpg 596 x 720 24213 4696 2 2 1.29 0.81 37.20 

Test Image 7.jpg 405 x 410 15283 2119 0 0 1.32 0.64 51.51 

Test Image 8.jpg 610 x 198 21830 1500 -2 -2 1.45 0.57 60.68 

Test Image 9.jpg 266 x 76 2326 564 0 0 0.56 0.39 30.35 

Test Image 10.jpg 894 x 442 58613 3168 0 0 2.65 0.87 67.16 

Test Image 11.jpg 456 x 357 7244 1130 -4 -3 0.79 0.55 30.37 

Test Image 12.jpg 523 x 350 20487 3476 2 2 1.50 0.68 54.66 

Test Image 13.jpg 1696 x 347 27793 3079 -1 -1 1.70 1.41 17.05 

Test Image 14.png 404 x 226 14776 4192 -1 -1 1.26 0.65 48.41 

Test Image 15.png 401 x 226 14781 4007 2 2 1.21 0.63 47.93 

Test Image 16.jpg 633 x 649 55277 6676 -1 -1 3.04 1.23 59.53 

Test Image 17.jpg 457 x 189 5741 764 -2 -2 0.68 0.57 16.17 

Test Image 18.jpg 443 x 185 9947 1808 1 1 0.85 0.52 38.82 

Test Image 19.jpg 608 x 291 13429 2376 1 1 0.92 0.63 31.52 

Test Image 20.jpg 503 x 269 4082 386 -8 -7 0.67 0.54 19.40 

Test Image 21.jpg 301 x 225 7676 1220 -2 -2 1.01 0.49 51.48 

 

V. CONCLUSION 

The Hough Transform is a robust method for skew detection. However, it is computationally not so efficient. 
Thus, speed up algorithms can be used for it. For speed up purposes, we have used the ‘Two Phase Data 
Reduction’ technique. This technique helps in reducing the computational time required for Hough Transform 
considerably with less compromise on the accuracy front. 

The Two Phase Data reduction is also be applicable for 'Principal Component Analysis’. But there would be a 
trade off on the accuracy as this method depends on the no. of black pixels for better accuracy. 

The technique of Projection Histogram is found to be less accurate but much faster than the Hough 
Transform. The Hough Transform is better suited to handwritten scripts than Projection Histogram. 

When this data reduction technique is applied to improve the speed of skew detection and correction with 
Projection Histogram, Least Squares method, and EM Based Algorithm we find that it does not improve these 
methods. 
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