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Abstract
During document scanning, skew is inevitably introduced into 
the in- coming document image. Skew is any deviation of the 
image from that of the original document, which is not parallel 
to the horizontal or vertical. Skew Correction remains one of 
the vital parts in Document Processing. Many methods have 
been proposed by researchers for the detection of skew in binary 
image documents. The majority of them are based on projection 
profile, Fourier transform, cross-correlation, Hough transform, 
nearest neighbour connectivity, linear regression analysis and 
mathematical morphology. In this paper, we reviewed the various 
techniques for skew detection in document images and their 
advantages and disadvantages.
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I. Introduction
Now a days optical character recognition is used for office 
automation system which is used for automatically read the 
documented images by computer. OCR reads the images and 
converts into text which can be easily used for electronic storage 
but during scanning it may document not be properly placed in 
scanner. It included the skew which degrade the performance OCR 
system. So, to increase the performance of OCR system we must 
detect the skew as well as correct the skew. Normally, when skew is 
detected and main work is done by researchers to rotate into opposite 
direction. There are various methods for detecting the skew which 
are like projection profile, Fourier transform, Hough transform, 
nearest neighbour connectivity, linear regression analysis and 
mathematical morphology so different researchers have to use 
different methods to solve this problem. Many researchers used 
projection profile in which skew angle is found by cost function 
with creating histogram where the cost function is high that is skew 
angle. another approach Hough transform in which we determine 
straight lines in image by set of points firstly the Hough transform 
used by Srihari and Govindaraju [13] that based on black pixels 
but there are various variations of Hough transform approach 
are used .main advantage of Hough transform is its accuracy and 
simplicity. But due to slow speed many researchers work on its 
speed complexity without compromising the accuracy. So, for 
improving computational efficiency of Hough transform there are 
various variations have been proposed by researchers to reduce 
the computational time for skew angle. There are basically three 
types of skew in the images like on the basis on number of skew 
angle and orientation three types of skew upcoming in scanning the 
document. Global Skew: this come when document have common 
degree angle orientation. Multiple Skew: documents have different 
degree of orientation in the different contents. Non -uniform text 
line skew: when documents contain several orientation in the 
single line [7].

Fig. 1: Sample Scanned Document with 0° Skew

Fig. 2: Scanned Document with 5° Skew

Fig. 3: Scanned Document with 45° Skew
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Fig. 1, shows a sample scanned document image. Fig. 2 and 3, 
show the same document with skew of 5° and 45°, respectively.

II. Related Work
Algorithms which detect the angle at which a document image 
is rotated called a document’s skew. There are various methods 
for rotating the image to remove the skew. Generally, there are 
a variety of global skew detection and correction techniques 
available. Most of these techniques are reviewed by Hull [4]. 
Global skew estimation approaches are classified into basic 
categories. It includes projection profile, Hough transforms, 
nearest neighbour clustering, and cross correlation.
Cardiello et al. used a technique in which they have identified the 
projection histogram where a sample region with the maximum 
average density of black pixels per row is rotated through pre-
computed angles [10].
Hinds et al. used the Hough transform and mix with run-
length encoding to detecting skew angle and reduced the data 
computational with horizontal and vertical run length computations 
[3]. 
Jiang et al. used Hough transform with detecting points in coarse 
form and accurate skew is obtained by choosing peak value for 
skew angle [5].
Spitz et al. used the data reductions techniques that used for 
compressed images, in which data points are obtained with single 
pass and mapped into Hough space [12].
Yu and Jain used a fast and accurate approach on set of low 
resolution images. They use hierarchical Hough transform and 
centroids of connected components. Firstly, algorithms efficiently 
computing connected components and at their centroids by using 
block adjacency graph then Hough transform is applied to centroids 
using two angular resolutions [15].
Shivakumara el al. [14], proposed the technique that is called linear 
regression analysis. This method is based on boundary growing 
approach where the boundary for each character in the text line is 
fixed using boundary growing approach. The direction of the each 
text line with respect to horizontal axis is obtained using growing 
the boundary until it reaches the pixel of neighbouring character. 
The method used all black pixels present in the document without 
dividing individual text lines into text lines. The linear regression 
analysis is used to find slope of a skewed document using all 
pixel coordinate values. This method gives better accuracy up 
to 10o for documented skew and fails in non-textual region of 
the document.
Amin and Fischer used Hough transform into two stages on the 
fifty stage blocks of HXT like captions of pictures and paragraphs 
are identified and calculate the skew angle for each blocks and 
fitting straight lines using least square method for increasing the 
speed only bottom line of blocks is considered [17].
Yin used improved Hough transform firstly and then determines 
black-white transitions to point out those lines [16].
Chaudhary and Pal have proposed a technique for Indian language 
scripts in which exploits the inherent properties of the script to 
determine the skew angle. The idea is to detect skew angles of 
these head lines of scripts. The method detecting skew angles in 
range (-45° to 45°) [8].
The method proposed by Pstl belongs to Fourier transformation 
approach. In this method, the density of Fourier space for direction 
is detected and where density of Fourier space is largest that 
is skew angle. It is computationally expensive in case for large 
images and another limitation is expensive high angle rotation 
[2].

Manjunath et al. [7], also used Hough transform to detect the 
skew angle in two steps. Initially, they identified character blocks 
from document images and thinning process is performed over all 
regions. Then next thinned conditions are fed to Hough transform. 
The primary disadvantage of this technique is that time complexity 
does not include the thinning process time.
Singh et al. [11], have purposed new algorithm which speeds 
up the performance of classic Hough transform. Mainly, this 
new algorithm converts the voting procedure to hierarchy based 
voting method which speeds up the performance and reduce the 
space requirements. They perform fast Hough transform in which 
three sub processes are done. Firstly in pre-processing stage block 
adjacency graph is used. Then in voting process done using Hough 
transform and at finally, skew angle is corrected by rotation. But 
BAG based algorithm is found to be effective for Roman Scripts 
documents and is not satisfactory for Indian scripts where headline 
is part of the script. So, this approach is script dependent.
Angelica used new algorithm which used background area 
information [1]. Due to problem of high computational costs of 
other methods in this algorithm strongly reduces computational 
time and works over noisy documents and documents containing 
non-textual elements.
Ruilin Zhang et al. uses the Hough transform in fabric images 
for skew detection using the multi-threshold analysis [9]. The 
principal of Hough transform for skew detection is analysed in 
this paper and describes how to apply the method of using Hough 
transform combining with the Sobel operator in skew detection.
Table 1, presents a comprehensive comparative analysis of skew 
detection techniques.
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Table 1: Comparative Analysis of Skew Detection Techniques

Sr. No. Technique Key idea Advantages Disadvantages

1 Projection 
profile

In this technique we store the 
numbers of black pixels of 
each row of the image and then 
find the maximum amplitude 
histogram and that maximum 
histogram indicate the skew 
angle [4].

This is very straight 
ward solution to 
determine the skew 
angle. 

Efficiency is not 
good due to iterative 
process

2 Hough 
transform

Hough transform detecting 
the fragmented curves mostly 
straight lines in images then 
find the skew angle from that 
parametric curves [13].

1. This method find 
more accurate skew 
angle.
2. Hough transform 
have strong anti-
interference 
capability.

1.It requires high 
computational time.
2. Requires large 
memory.
3. It can create 
difficulty if text is 
sparse.

3 Nearest 
neighbour 

In this method firstly all 
connected component are 
identified then all nearest 
neighbour pairs of accumulated 
in histogram and maximum 
histogram indicate the skew 
angle [18] [6].

1. It can be used 
to detect the skew 
which contains 
different types of 
font size scripts and 
layouts 

1. Accuracy is not 
good as compared to 
other approaches.

4 Fourier 
transform

In Fourier transform the density 
of Fourier space for direction is 
detected and where density of 
Fourier space is largest that is 
skew angle.[2]

Fourier transform 
can recognize 
skew angle without 
knowing the 
detailed context

1.Computationally 
expensive in case for 
large images.
2. Limitation for high 
angle rotation. 

5 Cross 
correlation 

In this technique the document 
skew is calculate by finding 
the vertical shift required to 
maximize the cross correlation 
between horizontal elements 
then maximum cross correlation 
find the skew angle[19]

It can detect 
periodic and non 
periodic pattern 
in an images by 
examining the 
direction accuracy. 
It has high accuracy.

High computational 
cost

III. Conclusion
A variety of skew detection algorithms are discussed in this paper. 
We also present a comprehensive analysis of these techniques 
including their advantages and disadvantages. We may conclude 
that algorithms based on Hough transform have very good scope 
of improvement in case of speed of execution. These methods 
already have inherent advantage of accuracy. 
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