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Abstract—Skew detection and correction of documents is a 
problematic step in document image analysis. Many methods 
have been proposed by researchers for estimating the angle at 
which a document image is rotated (document skew) in binary 
image documents. Therefore, this paper aims to evaluate the 
most frequently skew detection techniques cited in the 
literature which are (i) Projection Profile Analysis (PP), (ii) 
Hough Transform (HT) and (iii) Nearest Neighbour (NN). This 
study points out the weaknesses and the strengths of each 
method and compares the performance of these methods in 
term of speed and accuracy. The evaluation result shows that 
in term of speed, the NN technique achieves the fastest time. 
However, NN performs poorly for the accuracy estimation.  PP 
gives the best angle estimation even though it takes the longest 
time to execute. Hence, this finding can be used as the basis 
evaluation review for image analysis researchers in improving 
the existing technique of skew detection and recommend 
algorithm with a better accuracy in a shorter time. 
 
Keywords-document image processing; optical character 
recognition; skew detection. 

I. INTRODUCTION 
    In the recent past, document image processing field has 
rapidly growth and becomes increasingly applicable and 
widespread. Massive information has been stored in 
documents, for a better storage and intelligent processing is 
important to convert the paper-based documents into an 
electronic format.  One of the problems in this field is that 
the document may be rotated on a flatbed scanner at an 
arbitrary angle. This means that the document images are 
skewed, such as shown in Fig. 1 and 2, which led to degrade 
the image quality and causes many problems in analysis the 
image, extract the content and also reduce the performance 
of Optical Character Recognition (OCR) [5].  
 

 
Figure 1.  Document image with skewed angle 10° 

 

 
    OCR system improves human-machine interaction [3, 12] 
by recognizing the text in a complex document same as 
humans. The main component in OCR system is: image 
acquisition, preprocessing (includes noise removal, 
binarization, skew detection, and baseline detection), 
segmentation, feature extraction and classification 
(recognition). Each one of those component affects the final 
recognition rate to improve of the OCR system. 

Skew detection is an important step in the document 
image analysis and understanding for optical character 
recognition system, many researchers proposed an algorithm 
to estimate the skew angle which is an orientation angle 
from the horizontal or vertical direction. After that the text 
rotated into opposite direction to remove the skew (must be 
a zero degree). The skew in the document images can be 
classified into three different types:  
 

A. Global skew: assume that the document have 
common degree angle orientation, this occurs 
because the process of scanned  

B. Multiple skew: the document have different skew 
angle 

C. Non-uniform text line skew: when single line on the 
document has different angles, line took a wavy 
shape. 

 
    Several methods have been developed by researchers for 
skew angle detection. In [7], they used moments to detect 
the angle. For that method, all the primary axis of every 
object like image or line in the document was founded 
rather than the Hough transform and handles arbitrary 
angles. The skewed angle of the line is the angle between 

Figure2. Document image with skewed angle -10°
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the principal axis and horizontal axis. Existing work in [1] 
employed Cross-correlation method for the skew detection, 
where it depends on selecting a small region randomly to 
obtain the skew. The maximum median of cross-correlation 
is used as the criterion, and Monte Carlo sampling technique 
is applied to find the number of regions over which the 
correlations have to be calculated. In [2], they found an 
algorithm which creates a rectangular hull around each 
character of the text, then combining, nearby rectangular 
hulls and forms objects. After that, they apply mathematical 
morphology on it and the rectangular hull gravity centre 
forms reference points on these objects to estimate the skew 
angle. The method in [11] designed for variety type of 
documents with different levels of complexity (newspapers, 
journal, books, historical and handwritten) and poor quality 
documents images. The main idea of this method is based 
on divide the document into connected component. After 
that, compute the extreme points of largest connected 
component to find the rectangle which suitable to this 
connected component. Hence any document image has 
objects with rectangular shape. Then they compute the angle 
of the obtained rectangle. 
    The most popular methods [12] are projection profile, 
Hough transform and nearest neighbor methods. In this 
paper we implement these skew detection methods, and 
compare their performance in term of speed and accuracy.   
The rest of this paper is organized as follows. Section 2 
presents the related work of skew detection methods. 
Section 3 describes the experiment specification and the 
pseudo code used in this paper. Section 4 discusses the 
evaluation of those methods. Final section concludes and 
summarises the future work of this research paper. 
 

II. RELATED WORK 

A. Projection Profile Analysis (PP) 
    It is the one of the popular skew estimation technique 
which was initially proposed by Postl [15]. Projection is a 
process that converts a binary image into one-dimensional 
array (projection profile). Horizontal projection profile 
represented by lines is equal to number of line on document, 
where each line in projection profile has a value that 
represents a number of black pixels in the corresponding 
row of the image. 
    For the documents with skewed angle zero, the horizontal 
projection profile has valleys that commensurate with the 
space between the lines and the height of maximum peak 
equal to heights text lines in document images. Therefore, 
Postl proposed a method that calculates the variation in 
projection profile at a number of different angles the skew 
angle is equal to angle that have the most variation.   
    To reduce the computational cost by increasing the 
execution speed of the skew estimation method and deal 
with complex input formats, many modifications have been 
proposed. Ciardiella [6] selected a sample region of a text 

with the maximum average density of black pixels per row 
then calculated the projection profile of this selected sub-
region, mean square deviation of the profile used as a 
criterion function, where the skew angle is equal to rotation 
when the mean square deviation of the histogram is 
maximized. Akiyama [14] divided the document into 
verticals called “swaths” and for each one the vertical 
projection profile is calculated. The angle of phase shift in 
adjacent Swaths between projection profiles is estimated 
and used as the skew angle of this document. Further 
modifications have been proposed by Bloomberg [4] 
extracted a sample of image before calculating the 
projection profile from the skewed document.  
    Projection profile methods are straightforward solution. 
On the other hand, it has limitations where the main one is 
the computation cost is high and the efficiency is not good 
in case of iterative process. Moreover, if the image contains 
diagrams or graphs, this will reduce the accuracy of 
detecting the angle. Additionally, these methods are very 
sensitive to noise. Projection profile methods are estimating 
the skew angle in range from 10° to 15°. 

 

B. Hough Transform (HT) 
    Hough Transform is known widely technique in computer 
vision and image analysis. It is a feature extraction 
technique that used to isolate features of a particular shape 
like line or curve within digital images by specifying the 
desired features for the shape in parametric form. 
    The Hough transform was introduced first by Richard 
Duda and Peter Hart in 1972 as a simple linear transform to 
detect a straight line. In image space, any straight line can 
be described in a slope-intercept model as in equation (1). 

bmxy +=    (1) 
    Where m parameter is the slope of the line, and b is the 
intercept (y-intercept). The main idea in Hough transform is 
that to represent the characteristics of straight lines in terms 
of its parameters according to the slope-intercept model not 
as discrete image points (x1, y1), (x2, y2), etc.. Therefore, 
the straight line y = mx + b can be represented as a point (b, 
m) in the parameter space. However, vertical lines constrain 
this method since its rise to unbounded values of the slope 
of the line parameter m. For this reason, Duda [13] 
parameterized the line of a different pair of parameters, 
denoted ρ and θ. These two values, taken in conjunction, 
define a polar coordinate. ρ is the parameter represents the 
distance between the line and the origin, and θ represent the 
angle between the vectors from the origin and this closest 
point. 
    Each point (x,y) in Cartesian space is mapped to a 
sinusoidal curve in ρ- θ Hough space using the following  
transform function: 

θθ sincos yxp +=    (2) 
    Every line point in the transform plane is transformed to 
all possible lines that could pass through that point, to track 
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the number of intersected line that sinusoidal curves have at 
various ρ and θ values the accumulator array is forming. For 
each point of ρ, a peak gives the angles where straight lines 
can be fitted out of the original pixels. The skew angle of 
the documents can be calculated by averaging the value of θ 
for highest accumulator peaks which represented in fig. 3 by 
the lines. Fig. 4 shows the points in Hough Transform space 
with the highest values of accumulator. 
 

 
 
 
 

 
 
 
 

    Many methods proposed to improve the efficiency of 
Hough Transform in estimating the document skewed angle. 
In [8], they used block adjacency graph representation; the 
skewed angle estimated using coarse/refines strategy based 
on Hough transformation of connected components in the 
document. Work in [10] proposes a fast method that 
selected characters from document and block and thinning 
these characters. Then, the thinned coordinates are used in 
Hough transform to find the skew angle. This method fails 
when the document contains image within document. 

In general, the Hough Transform method has a high 
accuracy in detecting the angle of skewed. On other hand, 
the complex document images which contain figure, title, 
columns and foot will make the process of finding the 
highest values of the accumulator into a difficult task and 
will not calculate the correct skew angle for the documents. 
Besides, the presence of noise will slow this method. 
Furthermore, it consumes a large memory. 
 

C. Nearest Neighbor (NN) 
    Nearest Neighbor method is based on finding the 
connected components of document, then finds the 
histogram of the direction vectors for all nearest neighbors 
for all components and computes the first nearest neighbor 
of each component as showed in fig. 5.  The angle between 
centroids of nearest neighbor components is founded and 
accumulated in the histogram. To find document skewed 
angle, the dominant peak is founded. 
 

 
 
 
 

Existing work in [16] improves nearest neighbor method 
for English and Chinese scripts based on finding the chain 
for a largest possible numbers of nearest neighbor pairs.  
Then, their slopes are computed to give the skew angle of 
document images. This improvement has a high accuracy in 
detecting the skew angle and can be used for different 
scripts. Moreover, this method can find angles of different 
documents without the requirement of predominant area.  

[9] Proposes generic technique that found the document 
images skew angle within the range -90 degrees to +90 
degrees. The method is then improved to full range -180 
degrees to +180 degrees for Roman script documents. This 
improvement is very fast, flexible, has highest accuracy and 
run-time performance. 
    Relatively, nearest neighbor methods can be used to any 
range of skew angles and can be used to detect the skew 
angle from the document contains different types of font 
size scripts and layouts. The limitations of this method are 
that it is designed for special script, and deeply depends on 
the quality of the binarisation process output. Therefore, this 
method face problem in degraded and historical documents. 

 

Figure 3. A skewed image with highest accumulator peaks  

Figure 4. Hough Transform lines with the highest accumulator values.

Figure 5. Skewed image shows the connected components
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TABLE I. A COMPREHENSIVE COMPARATIVE ANALYSIS OF SKEW DETECTION TECHNIQUES. 

 
 

III. EXPERIMENTS 

    In this research, we compare between the three state of 
the art methods. The methods have been implemented in 
MATLAB R2014b programming language. Test 
environment used a PC with Intel i5- 4440 CPU @ 3.10GHz 
with 4.00 GB of memory, also MATLAB clock function 
was used to measure the methods performance. Pseudo code 
that computes the accuracy estimation of the most three 
cited methods are given as follow. 

A. Method: PP 
1. Read image and convert it into binary image. 
2. For each value of theta (-angle to +angle) do 

Rotate the binary image to theta, Θ. 
Find projection profile 
Calculate criterion function 

3. Skew angle = (maximum value of  criterion 
function)  

B. Method: HT 
1. Read image and convert it into binary image. 
2. Find edges. 
3. Do the Hough transform to detect text lines of the 

image.  
for each black pixel in a binary image 

for theta ( -angle to +angle) do 
ρ = x * cos(Θ) + y * sin(Θ) 

4. Find peaks over Hough transform. 
5. Find and plot the lines. 
6. Find theta Θ between lines and the x axis. 
7. Compute accumulator array for theta 
8. Skew angle = maximum (value on accumulator 

array).  

 
 

C. Method: NN 
1. Read image and convert it into binary image. 
2. Find connected components. 
3. Obtain the centroid for each connected components 

and its neighbour. 
4. For each centroid do 

Find angle between it and its nearest 
neighbours 

5. Accumulate the angle in histogram. 
6. Determine the max value in accumulator array 
7. Skew angle = max (value on accumulator array) 

 

IV. RESULTS AND DISCUSSION 

    The evaluation of the previous methods was made on 
document images with different skewed angle, the source of 
images are from MediaTeam Document Database 
(http://www.mediateam.oulu.fi/downloads/MTDB/downloa
d2.html) and self-collected images which is include Arabic 
and English documents. Fig. 6 shows sample of images that 
have been used. The image must be in binaries format 
before applying the skew detection method.  

 

a) 
(a) 
 

Method Advantages Main Drawbacks Time Iterative 
Nature 

Content of the document / Mixed document 

PP 

This is very 
straightforward solution 
to find  the skew 
angle.  Easy to code and 
it is simple to 
understand. 

Sensitive to noise. Very slow Iterative If the image contains diagrams or graphs, this 
will reduce the accuracy of detecting the angle. 

HT 

High accuracy in 
detecting the angle of 
skewed. 

The presence of noise 
will slow this method. 
Also it requires a large 
memory. 
 

Faster than 
PP method Non-iterative 

The complex document images which contain 
figure, title, columns and foot will make the 
process of finding the highest values of the 
accumulator  difficult. 

NN 
Robust ,  reliable, and 
can be used to any range 
of skew angles  

This method faces 
problem in degraded and 
historical documents. 

Fast Non-iterative 
Can be used to detect the skew angle from the 
document contains different types of font size, 
scripts and layouts. 
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(b) 

 
Figure 6. (a) And (b) are sample images used in the experiment. 

 
    To compare the performance between the existing 
methods, we compare on two aspects which are the speed 
and accuracy.  
  

A. Speed 
We compare the speed between the methods using 
MATLAB clock function.  Table II reported the 
computing time for each method. 
 

TABLE II.  EXECUTION TIME FOR  PP, HT AND NN METHODS 
IN SECOND 

 

Image number Methods 

PP HT NN 

1 57.74 5.8 0.41 
2 58.1 8.13 0.41 
3 58.34 8.45 0.45 
4 57.86 9.75 0.45 
5 88.08 9.1 0.59 
6 58.1 10.86 0.45 

Average time 63.04 8.68 0.46 
     

    We can clearly see that the high computation time for 
profile projection method. This is because the input image 
has been rotated through a range of angles and for each 
angle the projection profile needs to be computed. 
Meanwhile, Hough transforms faster than profile projection 
method but the average time will be increased in case of 
sparse text and presence of noise. This is because; in this 
method each black pixel in the documents needs to be 
transferred to Hough space. The nearest neighbor method 
achieves the lowest computing time. 
    

B. Accuracy 
Compare the correct skewed angle for the image with 
estimated angle for each method. Table III reported the 
estimated angle for each method. 
 
 

 

TABLE III.  THE CORRECT SKEWED ANGLE AND ALSO 
SKEWED ANGLE FOR PP, HT AND NN METHODS 

  Methods 

Image Correct angle PP HT NN 

1 10 10 9 7 
2 12 12 9 8 
3 25 11 15 15 
4 -10 -10 -9 -9 
5 20 20 12 7 
6 -15 -12 -15 -17 

 

    From the experiments, we conclude that the projection 
profile performed better than other methods and achieves 
the highest accuracy. However, PP does not really 
successful when it is given input images that include figures 
or the skewed angle is more than 15°. The Hough transform 
method unable to give high accuracy hence the sample 
images contain figure, title, columns and foot, which will 
make the process of finding the highest values of the 
accumulator is a difficult task. The nearest neighbor method 
performed poorly for the reason that it is designed for a 
special script. 
 

V. CONCLUSIONS AND FUTURE WORKS 

    The most popular methods to estimate the skew document 
angle is presented in this paper. These included projection 
profiles, Hough transform and nearest neighbor techniques. 
We implement those techniques in MATLAB using 
different scripts. The result shows that in term of speed, the 
nearest neighbor method achieves the fastest method, and 
based on accuracy term, projection profile gives the best 
angle estimation. In general, we conclude that each method 
has its limitation and there is no single technique that is 
suitable for all type of scripts and all type of documents. 
This work will lead to improve and develop the existing 
skew detection methods for document images. As a future 
work, the method can be improved by detecting the text area 
and ignore the other image contents to avoid space, and 
reduce the time complexity. On the other hand, based on 
this work, hybrid method can be introduced depends on the 
advantages of each state-of-arts method and disregard the 
disadvantages. 
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