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Abstract—Detecting skew angle in a document image has 

been an area of research interest for a long time. This 

paper presents an experimental analysis of various 

existing skew detection techniques involving methods 

such as Radon transform, Hough transform, Principal 

Component Analysis (PCA), PCA with Wavelet transform 

and Moments with Wavelet transform. Detailed analysis 

of existing skew detection method against the parameters 

time complexity, space complexity, robustness, accuracy, 

flexibility, etc. has been carried out for seven different 

categories of digital documents. The categories of these 

documents spans from those containing handwritten text 

in different languages, to the ones with both text and 

pictures. Radon transform is observed to be the fastest 

method when the image size is small and works with 

virtually all types of documents. It is an accurate method 

as well as works faster, even with the document 

containing pictures. PCA method is also faster than 

Hough transform for machine printed documents but used 

less for real time skew distortion due to its limitations. If 

the document image size is large, then Moments with 

Wavelet transform has better time complexity than other 

methods, but do not work well with documents containing 

images. Hough transform is the most accurate method, 

though it is computationally expensive. 

 

Index Terms—Document Image Processing, Skew 

detection, Skew correction, Discrete Wavelet transform, 

Principal Component Analysis, Hough transform, Radon 

transform, Moments. 

 

I.  INTRODUCTION 

Document image processing (DIP) has turned out to be 

an essential technology in the digitization of office 

documentation tasks. Earlier paper documents were used 

to store large amount of information, but now due to the 

advent in technology, document can now be stored 

electronically using the document processing techniques 

consisting of three steps namely scanning, digitization 

and conversion of scanned images into machine editable 

forms. When we scan or copy documents, there are 

chances of document skew distortion error. The direction 

of text line determines the skew angle. If the lines are 

aligned horizontally or vertically, depending upon the 

language, it means that there is no skew in a document 

image. Due to skew distortion, difficulty arises in 

document analysis, document understanding, document 

image mosaicing, character segmentation and 

identification. Consequently, detecting the skew of a 

document image and correcting it are substantial 

problems in realizing a practical document reader.  

Optical Character Recognition (OCR) helps to translate 

various categories of documents which include PDF files, 

scanned paper documents or images taken by a digital 

camera into a form which can be processed and changed 

as per requirement.  Virtually all of the Optical Character 

Recognition systems are very responsive to skew in text 

document images. It is not possible to get a hundred 

percent accuracy with the methods of OCR systems due 

to the problem of skew angle and errors in noise removal 

methods. 

The document skew can be classified as Global or 

Local. In case of global skews, all the text lines of a 

document have the same orientation, whereas in case of 

local skew each line can be skewed at dissimilar angle. 

Chandan Singh, Nitin Bhatia and Amandeep Kaur “Ref. 

[1]” introduced a skew detection and correction algorithm 

which are further classified into three parts: a 

preprocessing stage, which makes use of a simplified 

form of a black adjacency graph (BAG), Hough 

Transform (HT) which makes use of the voting process 

and using the rotation method for the purpose of de-

skewing of the image. Though this method reduces the 

time complexity, but the drawback of this method is that 

it does not provide suitable results for Indian scripts 
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where the headline is a part of the script. They have 

implemented skew correction using both the approaches, 

i.e. forward rotation and inverse rotation. The speed 

offorward rotation is more   than the inverse rotation. The 

main disadvantage of the forward rotation is that it 

generates an image with various unwanted white pixels 

within the body of a character which degrades the overall 

performance of an OCR system.  

N. Nandini, K. Srikanta Murthy, and G. Hemantha 

Kumar “Ref. [2]”, A. Amin and S. Fischer “Ref. [3]”, 

Stuart C.Hinds “Ref. [4]”, S. N. Srihari and V. 

Govindraju “Ref. [5]” and V. N. Manjunath Aradhya 

“Ref. [6]” have also used Hough Transform to determine 

the skew angle. 

Rajiv Kapoor, Deepak Bagai and T.S.Kamal “Ref. [9]” 

explained two methods. The first one is used to detect 

skew of words and the second one correct skews from 

handwritten words. They have used Radon Transform 

based projection profile technique for the implementation 

of skew detection and removal method.  The advantage of 

this method is that it does not need pre-processing and it 

works similarly fine even in the presence of noise. The 

disadvantage is that problem may still come in the case of 

words with non-uniform Shiro-Rekha or characters 

without Shiro–Rekha. 

S. Mehta, E. Walia, and M. Dutta “Ref. [14]” discussed 

skew detection method based on Moments and Wavelet 

transforms. The only drawback is that it does not work 

with pictures document. 

C. N. Paunwala, S. Patnaik, and M. Chaudhary “Ref. 

[15]” described an efficient approach for skew correction 

of license plate based on Wavelet Transform and 

Principal Component Analysis. The basic concept of 

PCA is to lessen the dimensionality of a data set by 

considering a large number of interrelated variables while 

preserving as much as possible of variation present in the 

data set. The advantage of this method is that it is simple 

and has a reduced amount of computational complexity. 

The drawback is this method doesn’t work with picture 

documents. 

L.Shutao, S.Qinghua, and S.Jun “Ref. [16]” discussed 

skew detection method using Wavelet Transform (WT) 

and Principal Component Analysis however the problem 

is that it doesn’t work with picture documents. 

Bishakha and Mrinaljit “Ref. [17]” suggested method 

which is used to detect the skew angle for Assamese 

language using vertical and horizontal projection profile 

method. In case of noisy images, horizontal projection 

method gives more accurate results. Also the time taken 

by the horizontal projection profile method is less than 

the vertical projection profile method. Drawbacks of 

these methods are that they are computationally 

expensive and can find a skew angle till 15°. Also, these 

methods do not work with more noisy images and broken 

characters. 

D.Brodic, C.A.Maluckov, and L.Peng “Ref. [18]” 

implemented skew detection method for old printed 

documents by using connected component. 

Shivakumara, G.Hemantha Kumar, and H.S.Varsha, 

“Ref. [19]” proposed technique based on boundary 

growing approach and Moments based method. This 

method is robust as it works with documents containing 

different languages and different fonts. But it fails for a 

document containing picture along with text. 

Mandip Kaur and Simpel Jindal “Ref. [20]” proposed 

skew detection method   using Fast Fourier Transform 

(FFT) technique.  They have reduced document image 

size by applying DCT compression. 

Deepak and Dalwinder “Ref. [21]” proposed approach 

which makes use of the Hough Transform, as this method 

is simple and accurate. But as we know that Hough 

Transform method takes more time so they have 

improved this method to reduce the time complexity 

without losing its accuracy. Also skew is corrected using 

forward rotation as it takes less time. 

Sepideh Barekat Rezaei, Abdolhossein Sarrafzadeh 

and Jamshid Shanbehzadeh “Ref. [22]” surveyed various 

methods to detect the skew. These methods include 

Projection Profile Analysis, Hough Transform, Nearest 

Neighbor clustering, Cross-Correlation, Piecewise 

Painting algorithm, Piecewise covering by Parallelogram, 

Morphology. In some of the methods, the size of the 

image is reduced considering only the important features. 

Khalil Ibrahim Alsaif and Montaha Tariq Alsarraj “Ref. 

[23]” demonstrated a novel approach based on Fan filter 

to determine the skew angle of a text image.  

H. Yan “Ref. [24]” explained the method based on the 

interline cross-correlation in the document image. This 

method is quite time consuming for large images and the 

accuracy of the method is affected by the presence of 

graphics in the documents.  

A.K. Das and B. Chanda “Ref. [25]” presented a novel 

method for automatic detection of skew in a document 

image using Mathematical Morphology. The proposed 

algorithm is tremendously fast as well as independent of 

script forms. The drawback of the method is its limited 

suitability for larger database. 

Ruby and Ramandeep “Ref. [26]” presented discrete 

Fourier transform algorithm to compute the skew angle. 

The drawback is more time complexity. 

Some common problems detected of existing methods 

“Ref. [1-6, 9-26]” from literature studied regarding skew 

angle detection of a document image are: 

 

 Restriction on the detectable angle range. 

 Restrictions on size or type of fonts. 

 Depending on page layout. Usually the presence of 

graphics, borders, or tables constitutes a problem. 

 A specific document resolution is required. 

 High Computational Cost. 

 Limitation to specific application. 

 There are very few methods proposed to handle 

handwritten or mixed documents. 

 Large text areas are required. 

 Doesn’t work with both types of skew i.e. global 

and local skew  

 

In this paper, detailed analysis of existing skew angle 

detection methods against  the parameters t ime 

complexity, space complexity, robustness, accuracy,  
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flexibility, etc. for seven different categories of digital 

documents has been done. 

Most of the skew distortion removal methods are based 

on following the techniques listed next. 

A.  Hough transform  

The Hough transform provides a significant way out of 

the problems related with line and curve detection in a 

binary image. The basic method comprises of mapping 

points in the Cartesian space to sinusoidal curves in (rho, 

theta) i.e. (ρ, θ) space via a simple transformation. Each 

time a sinusoidal curve intersects with another sinusoidal 

curve for a value of θ, there is the likelihood that a line 

corresponding to that (ρ, θ) coordinate value is present in 

the original image. An accumulator array is used to count 

the number of intersections for various ρ and θ values. 

The skew angle is then determined by the theta values 

corresponding to the highest number of counts in the 

accumulator array “Ref. [1, 2, 3, 4, 5, 6, 7, 8]”. 

B.  Projection profile 

The projection features are used to determine the skew 

angle “Ref. [8, 9, 10, 17]”. In this technique, numbers of 

projections are acquired at different angles. Then, close to 

the best expected orientation and variations in the bin 

heights along the profile are observed for each projection. 

The skew angle is given by the maximum peak in the 

projection to best match to the text lines. The projection 

profile has maximum height peaks for text, since scan 

lines align with text lines at the correct skew angle.  

C.  Fourier Method 

It is used to decompose an image into its sine and 

cosine components of different frequencies, each 

multiplied by a different coefficient “Ref. [8, 20]”. The 

main characteristic of this method is that it allows us to 

work in the Fourier domain and then return to the original 

image without losing any kind of information.  The angle 

of direction in which the density of Fourier space is large 

is considered to be the skew angle.   

D.  Radon transform 

The Radon function computes projections of an image 

matrix along specified directions “Ref. [8, 9, 11]”. A 

projection of a two dimensional function is a set of line 

integrals. The Radon function takes multiple, parallel 

beam projections of the image from different angles by 

rotating the source around the centre of the image. The 

procedure is repeated for all desired angle in the range [00, 

1800]. The slope determines the skew angle. 

E.  Principal Component Analysis (PCA) 

PCA is a technique that can be used to simplify a 

dataset. It can be used for reducing dimensionality. As 

mentioned in “Ref. [12, 13]” for a given binary image, 

firstly black pixels of the image are mapped in a two 

dimensional vector. Then, the unit vector for the 

maximized projection profile deviation is obtained. This 

unit vector is called the Principal Component of the given 

vector set and it is equal to the Eigenvector that is 

associated with the largest absolute Eigen perpendicular 

value of this set. The skew angle is found using the 

direction of the Principal Component. 

F.  Principal Component Analysis with Wavelet 

transform 

In this case, the size of the image is reduced using two 

dimensional Discrete Wavelet Transform (DWT) “Ref. 

[8]”. After applying first level wavelet decomposition  to 

skewed image, the image gets divided into four frequency 

bands resulting quarter size decomposition outputs, i.e. 

LL1 sub band corresponds to an approximation level, 

LH1 gives details in the horizontal direction, the HL1 sub 

band provides  details in the vertical level and the HH1 

sub band provides detail in the diagonal direction. The 

details of image after second level Wavelet 

decomposition i.e. LL1 gets further divided into four 

parts. In this case, that quarter size approximation sub 

image is then replaced by four more quarter size bands 

“Ref. [14]”. Then the PCA method is applied to reduced 

image to determine the skew angle.  

G.  Moments with Wavelet transform 

In this case “Ref. [14]” also, the size of the image is 

reduced using Wavelet transform as described in Section 

I.F. Then on reduced image, moments approach as 

mentioned below is used to determine the skew angle. 

The moment of a two dimensional continuous function 

“Ref. [19]” of order (m + n) is defined as 

 

( , )
m n

Tmn x y f x y dxdy
 

     

(1) 

 

f (x, y) represents an image and m, n =  0,1,2……or 

continuous two dimensional image, equation of moments 

is given as below and for digital images f  (x, y) = 1 

 

( , )
0 0

i i m nTmn x y f x y            (2) 

 

Here image taken is converted into a square image of 

size i x i and m, n = 0, 1... 

Central moments “Ref. [14, 19]” are defined by  

 

( ) ( ) ( , )m nx x y y f x y dxdymn
 

   


       (3) 

 

Where 10

00

T
x

T
  and 01

00

T
y

T
  are components of the 

centroid. 

For digital image f (x, y) = 1, “(3),” becomes 

 

( ) ( )
0 0

i i m nx x y ymn                    (4) 

 

For the purpose of calculating the skew angle, the 

proposed algorithm uses second order central moments.  

By substituting “(2),” into “(4),”, we can obtain “(5),”, 

“(6),”, “(7),” can be obtained.  
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20 20 10
T xT  

                        (5) 

 

In the same manner, “(6),” and “(7),” can be 

obtained.  

 

11 11 01 11 01
T xT T yT    

                    (6) 

 

02 02 01
T yT  

                         (7) 

 

Skew angle is the angle between the horizontal axis 

and the major axis of the object.  

 

II.  METHODOLOGY 

The methods described in Section I are implemented 

through the following algorithms stated in this section.  

A.  Skew detection using Hough transform 

This algorithm uses the Hough transform “Ref. [1, 2, 

3]” to find the skew angle of document images. We have 

used Generalized Hough transform proposed by Duda 

and Hart “Ref. [7]”. In this, firstly, Cartesian coordinates 

(x, y) are transferred into polar co-ordinates (ρ, θ). Hence, 

line equation in polar coordinates can be defined using 

these parameters. Here, ρ represents the distance between 

the line connecting the polar coordinates to the origin 

where the x-axis intersects the y-axis and θ is the angle 

between x-axis and ρ. 

 

cos

sin sin

p
y x



 
 
   
   
   

                       (8) 

 

Which can be rearranged to 

 

ρ = xcosθ + ysinθ                            (9) 

 

The algorithm to find skew is given below: 

 

1. Read the image. 

2. Binarize the image in case of scanned documents. 

3. Detect the edges of the document using Canny 

filter. 

4. Using Hough function of “(9),” find the Hough 

peaks. 

5. Compute slope, which gives the skew angle in 

radians. Convert in degree to get the skew angle 

in degree. 

 

Advantages of Hough Transform 

 

 It is the most efficient algorithm to find a skew 

angle as it gives accurate results. 

 It also works under noisy conditions. 

 

Disadvantages of Hough Transform 

 

 It is computationally very expensive. 

 It is also not feasible for images whose layouts are 

complex because one has to first separate out the 

text regions in the document image. 

B.  Skew detection using the Radon transform 

This algorithm uses Radon transform “Ref. [8, 9, 11]” 

to find the skew angle of document images.  

Let f (u) = f (u, v) be a continuous function. The Radon 

transform, Rf is a function defined on the space of straight 

lines l by the line integral along each such line: 

 

( ) ( )
l

Rf l f u du  
                      

(10) 

 

Parameterization of any straight line l with respect to 

arc length t can be written 

 

( ( ), ( )) (( sin cos ), ( cos sin ))u t v t t s t s      
      (11) 

 

Radon transform can be expressed in these coordinates 

by 

 

         

( , ) ( ( ), ( ))

  (( sin cos cos sin

Rf s f u t v t dt

f t s t s dt



   


 



      


   (12) 

 

The algorithm to find skew is given below: 

 

1. Read the image.   

2. Binarize the image in case of scanned documents. 

3. Find the edges of the document using the Sobel 

edge detection method “Ref. [8]”. 

4. Using Radon function, find the Radon transform 

for theta ranging from 0 to 179°  using “(12),”. 

5. Find the maximum of Rf and then find the slope 

of the corresponding column. 

6. Slope gives the skew angle in radians. Convert in 

degree to get the skew angle in degree. 

 

Advantages of Radon Transform 

 

 The radon transform is suitable even in the 

presence of noise.  

 Reduces time complexity of an algorithm 

 Works with mixed type of document images 

C.  Skew detection using Principal Component Analysis 

This algorithm uses PCA “Ref. [12, 13]” to find the 

skew angle of document images. 

 

1. Read the image. 

2. Binarize the image in case of scanned documents. 

3. Map the black pixels of the image in two- 

dimensional vectors. 

4. For PCA to work properly, subtract the mean 

 

http://en.wikipedia.org/wiki/Polar_coordinate
http://en.wikipedia.org/wiki/Continuous_function
http://en.wikipedia.org/wiki/Line_integral#Definition
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from each of the data dimensions. The mean 

subtracted is the average of intensities across each 

dimension.  

5. The covariance matrix is then calculated as 

1
( , ) ( )( )

11

n
CV X Y X X Y Yi i

in
   


            

(13) 

 
Where X and Y denote the entire set of numbers in two 

different dimensions, n is the number of elements in sets 

X as well as Y, Xi, Yi  are the ith number in the sets X and Y 

respectively, X  and Y   are the mean of the sets X and  Y. 

Calculate covariance matrix using “(13),”.The result will 

be a square matrix. 

 

6. Find the eigenvectors and eigenvalues of the 

covariance matrix. An eigenvector of a Square 

matrix M is a non-zero vector V that, when 

multiplied by M, yields the eigenvector multiplied 

by a single number δ. 

 

MV = δV                                (14) 

 

The number δ is called the eigenvalue of M 

corresponding to V. 

 

7. Take the eigenvector associated with the largest 

absolute eigenvalue. 

8. Skew angle is found using the direction of the 

principal component, which is perpendicular to 

the direction of the text lines in the image. 

 

Advantages of PCA 

 

 It is efficient and one of the fastest algorithm to 

find skew angle. 

 

Disadvantages of PCA 

 

 It is not language independent means it doesn’t 

detect the skew angle for all types of language. 

 It doesn’t work with images. 

D.  Skew Detection using Principal Component Analysis 

with Wavelet transform 

This algorithm uses PCA with Wavelet Transform 

“Ref. [14, 15, 16]” to find the skew angle of document 

images. 

 

1. Convert the image to grayscale image, if not. 

2. Decompose the image using ‘Haar’ wavelet. Four 

frequency sub bands, namely approximation level 

LL1, horizontal level LH1, vertical level HL1 and 

diagonal level HH1 are obtained. After second 

level wavelet decomposition, approximation sub-

band gets further divided into four sub-bands LL2, 

LH2, HL2 and HH2. Consider LH1, HL1, LH2 

and HL2 as they preserve horizontal and vertical 

details present in the image. 

3. Use PCA method given in Section II.C to find a 

skew angle for LH1, HL1, LH2 and HL2 sub-

bands.  

4. Take the mean of all the angles, which give the 

final skew angle. 

 

Advantages of PCA with wavelet transform 

 

 In this method, the size of the original image is 

reduced, which improves time complexity. 

 Well suited for large size images. 

 

Disadvantages of PCA with wavelet transform 

 

 This method doesn’t work with image documents. 

E.  Skew Detection using Moments with Wavelet 

transform 

The algorithm to determine the skew angle using 

Moments with Wavelet transform “Ref. [14, 19]” is as 

mentioned below: 

 

1. Convert the image to grayscale image, if not. 

2. Apply first level wavelet decomposition on 

skewed image. The image gets divided into four 

frequency bands i.e. LL1 (Approximation Level), 

LH1 (Horizontal Level), HL1 (Vertical Level), 

HH1 (Diagonal Level).  

3. Apply second level wavelet decomposition to 

reduce skewed image further. Approximation level 

(LL1) gets divided into frequency bands LL2, LH2, 

HL2 and HH2. 

4. Consider only horizontal 2nd level information 

(LH2) to find a skew angle for English typed 

documents. Make use of vertical and horizontal 

details at both levels, i.e. LH1, HL1, LH2, HL2 for 

scanned document images and for typed 

documents in other languages, i.e. Gujarati, Hindi, 

Urdu etc., horizontal and vertical details at second 

level i.e. LH2 and HL2 are considered. 

5. Convert decomposed image matrix into a square 

matrix. Binarize it by setting a suitable threshold 

value. 

6. Find the second order central moments of 

decomposed image, which is (LH2) to find a skew 

angle for English typed documents. If skew angle 

is > 45, then add 90. 

7. In case of scanned documents, find a skew angle 

for LH1, HL1, LH2 and HL2 i.e. 1,  2,  3,  
4  by repeating the procedure of computing 

central moments. Consider absolute skew angle 

values and compute mean to find a final skew 

angle. 

8. For typed documents in other languages, find skew 

angle for LH2, HL2 i.e. 1, 2. Find mean to find 

an accurate skew angle. 

 

Advantages of Moments with wavelet transform 

 

 In this method, the size of the original image is 

reduced, which improves time complexity. Simple 

http://en.wikipedia.org/wiki/Square_matrix
http://en.wikipedia.org/wiki/Square_matrix
http://en.wikipedia.org/wiki/Vector_(mathematics)
http://en.wikipedia.org/wiki/Matrix_multiplication
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and better than PCA with wavelet decomposition 

method 

 Well suited for large size images. 

 

Disadvantages of Moments with wavelet transform 

 

 This method doesn’t work with image documents. 

 

III.  COMPARATIVE STUDY AND EXPERIMENTAL SETUP 

In order to analyze the performance, experiments have 

been carried out on a dataset of more than 150 images. 

Each image is tested 10 times to calculate the mean time 

and the mean skew angle. All these methods have been 

tested for skew angles varying from 0 to 90 degrees 

clockwise and anti-clockwise. The system used to 

implement skew detection methods has the following 

configuration: Intel® Core ™ i7 CPU@2.67GHz, 2 GB 

RAM. All these methods, namely Hough transform, 

Radon transforms, Principal Component Analysis (PCA), 

PCA with Wavelet transform and Moments with Wavelet 

transform to find skew distortion have been implemented 

using MATLAB version 10. Images of different sizes are 

created using Paint Shop Pro X5. Images used are tiff 

images only. The following methods, namely Hough 

transform, Radon transforms, Principal Component 

Analysis (PCA), PCA and Wavelet Transform and 

Moments with Wavelet transform have been 

implemented and comparative study has been carried out 

to find out the best method in terms of accuracy and 

efficiency. Different categories of document images used 

for testing are mentioned below: 

 

1) Category 1: Scanned document images containing 

handwritten text/machine printed text of different 

languages (Fig. 1.1, 1.2, 1.3). 

2) Category 2: Document images containing pictures 

(Fig. 2.1, 2.1). 

3) Category 3: Scanned document images containing 

pictures (Fig. 3.1, 3.2). 

4) Category 4: Machine printed images containing 

text of different fonts (Fig. 4.1, 4.2). 

5) Category 5: Machine printed document images 

containing text and pictures (Fig. 5). 

6) Category 6: Scanned document images containing 

text and pictures (Fig. 6). 

7) Category 7: Mixed Scanned document (Fig. 7). 

A.  Analysis of results on Category 1 images 

Fig. 1.1 shows scanned Urdu document image of size 

256×256 pixels with resolution 300 pixels/inch of 

Category1. Fig 1.2 shows scanned Gujarati document 

image of size 256 x 256 pixels with resolution 300 

pixels/inch of category 1. Fig 1.3 shows scanned & faded 

English document image written with pencil of size 419 x 

185 pixels with resolution 150 pixels/inch of category 1. 

From Table 1, it can be observed that in terms of time 

complexity, Radon transform is the fastest method with 

smaller document size for this category. The PCA method 

works with scanned document, but doesn’t work with all 

languages, whereas Hough transform, Radon transform 

works with all languages and Moments with wavelet 

transform works with most of the languages. From Table 

2, it can be concluded that in terms of accuracy, Hough 

transform gives accurate results.  

B.  Analysis of results on Category 2 images 

Fig. 2.1 shows a picture document image of size 

181×181 pixels with resolution 78.74 pixels/inch of 

Category 2. Fig. 2.2 shows beans picture document image 

of size 91 x 91 pixels with resolution 28.35 pixels/inch of 

category 2. From Table 1, it can be observed that PCA, 

PCA with Wavelet transform and Moments with wavelet 

transform methods doesn’t work with document 

containing picture images and Radon transform is the 

fastest method for this category. Accuracy is same for 

Hough and Radon transform as shown in Table 2. 

C.  Analysis of results on Category 3 images 

Fig. 3.1 shows scanned picture document image of size 

64×64 pixels with resolution 300 pixels/inch of category 

3. Fig 3.2 shows scanned picture document image of size 

196 x 210 pixels with resolution 300 pixels/inch of 

Category 3. As per Table 1, Radon transform is the 

fastest method as compared to other methods.  

D.  Analysis of results on Category 4 images 

Fig. 4.1 shows machine printed document image of 

size 128×128 pixels with resolution 78.74 pixels/inch of 

Category 4. Fig 4.2 shows machine printed mixed font 

document image of size 64 x 64 pixels with resolution 96 

pixels/inch of Category 4. After a Radon transforms, time 

taken by Moments with wavelet transform is minimum as 

per Table 1 if the image size is small. In terms of 

accuracy, Hough transform is more accurate as shown in 

Table 2. When the size of the same image is large i.e. 

1024X1024 pixels, then the time complexity of Moments 

with Wavelet transform method is better than other 

methods. It is thus fastest for such a case. PCA with 

Wavelet transform method is more accurate than PCA. 

Also, it takes less time than Hough transform, Radon 

Transform and PCA method, in case of large image size. 

E.  Analysis of results on Category 5 images 

Fig. 5 shows machine printed text and picture 

document image of size 64×64 pixels with resolution 300 

pixels/inch of Category 5. As mentioned earlier, it can be 

observed that PCA, PCA with Wavelet transform and 

Moments with Wavelet transform methods does not work 

with a document containing text and picture images, 

whereas Radon transform is the fastest method as per 

Table 1 but Hough transform gives more accurate results 

as shown in Table 2. 

F.  Analysis of results on Category 6 images 

Fig. 6 shows scanned text and picture document image 

of size 350×350 pixels with resolution 300 pixels/inch of 

Category 6. As mentioned earlier, it can be found PCA, 

PCA with Wavelet transform and Moments with Wavelet 

transform methods doesn’t work with documents 

mailto:CPU@2.67


 Time and Accuracy Analysis of Skew Detection Methods for Document Images 49 

Copyright © 2015 MECS                                          I.J. Information Technology and Computer Science, 2015, 11, 43-54 

containing scanned text and picture images, whereas 

Radon transform is the fastest method as per Table 1 but 

Hough transform give more accurate results as shown in 

Table 2.  

G.  Analysis of results on Category 7 images 

Fig. 7 shows scanned handwritten and machine text 

and picture document image of size 412 x 412 pixels with 

resolution 300 pixels/inch of Category 7. It can be seen 

from Table 1 that Radon transform is the fastest method.  

 

IV.  CONCLUSION 

From the above experimental analysis, the following 

conclusions can be drawn:- 

 

1. Radon transform is the fastest method for a 

scanned document image containing handwritten-

text/machine-printed text in different languages, 

particularly in the case of small sized document. 

It works well and fast for document images 

containing pictures, scanned document images 

containing pictures, machine printed document 

images containing text and pictures, scanned 

document images containing text and pictures and 

mixed scanned document. It works with 

documents of all languages and documents with 

other kind of distortions (such as blurring) too. 

2. Hough transform method determines the accurate 

skew angle, but it takes more time. Like Radon, it 

also works with documents in all languages and 

distorted documents too. 

3. The PCA method doesn’t work with picture 

related and all language documents but the speed 

is faster than Hough transform for scanned and 

machine printed document. 

4. Moments with Wavelet transform is the fastest 

method in case of machine printed images 

containing text of different fonts, if the size of 

document is very large.   

5. PCA with Wavelet transform method is faster and 

gives a more accurate angle than PCA method.  
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(a) (b) (c) (d) 

Fig.1.1. Category 1 Sample skewed and skew corrected Urdu language scanned image. (a) Scanned Urdu image distorted by 70◦ (b) Image corrected 
with Radon Transform (c) Image corrected with Hough Transform (d) Image corrected with Moments with Wavelet Transform 

    

(a) (b) (c) (d) 

Fig.1.2. Category 1 Sample skewed and skew corrected Gujarati language scanned image. (a) Scanned Gujarati image distorted by 50 (b) Image 
corrected with Radon Transform (c) Image corrected with Hough Transform (d) Image corrected with Moments and Wavelet Transform 

    

(a) (b) (c) (d) 

Fig.1.3. Category 1 Sample skewed and skew corrected English Language scanned image (faded image chosen to experiment). (a) Scanned English 
faded image distorted by 100 (b) Image corrected with PCA (c) Image corrected with Hough  Transform (d) Image corrected with Radon Transform 

   

(a) (b) (c) 

Fig.2.1. Category 2 Sample skewed and skew corrected picture Image (a) Picture image distorted by 60◦ (b) Image corrected with Radon Transform (c) 
Image corrected with Hough Transform
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(a) (b) (c) 

Fig.2.2. Category 2 Sample skewed and skew corrected picture Image (a) Picture image distorted by 400 (b) Image corrected with Hough Transform 
(c) Image corrected with Radon  Transform 

    

(a) (b) (c) (d) 

Fig.3.1. Category 3 Sample skewed and skew corrected scanned Image (a) Scanned Image of 2◦ distortion (b) Image corrected with Radon Transform 
(c) Image corrected with Hough Transform (d) Image corrected with PCA 

   

(a) (b) (c) 

Fig.3.2. Category 3 Sample skewed and skew corrected scanned picture Image (a) picture image distorted by 90 (b) Image corrected with Radon 
Transform (c) Image corrected with Hough Transform 

      

(a) (b) (c) (d) (e) (f) 

Fig.4.1. Category 4 Sample skewed and skew corrected machine printed Image (a) Machine Printed Image of 10◦distortion (b) Image corrected with 
PCA with Wavelet Transform (c) Image corrected with PCA (d) Image corrected with Radon Transform (e) Image corrected with Hough Transform 

(f) Image corrected with Moments with Wavelet Transform 

      

(a) (b) (c) (d) (e) (f) 

Fig.4.2. Category 4 Sample skewed and skew corrected machine printed mixed font Image (a) Image of car number plate of 90 distortion (b) Image 
corrected with Radon Transform (c) Image corrected with Hough Transform (d) Image corrected with PCA (e) Image corrected with PCA with 

Wavelet (f) Image corrected with Moments with Wavelet Transform
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(a) (b) (c) 

Fig.5. Category 5 Sample skewed and skew corrected mixed text and picture Image (a) Text and Picture image distorted by 10◦ (b) Image corrected 
with Radon Transform (c) Image corrected with Hough Transform 

   

(a) (b) (c) 

Fig.6. Category 6 Sample skewed and skew corrected scanned mixed text and picture Image (a) Scanned Text and Picture image distorted by 12◦ (b) 
Image corrected with Radon Transform (c) Image corrected with Hough Transform 

   

(a) (b) (c) 

Fig.7. Category 7 Sample skewed and skew corrected machine and hand mixed scanned Image (a) Machine Printed and Hand mixed image distorted 
by 5◦ (b) Image corrected with Radon Transform (c) Image corrected with Hough Transform 

Table 1. Comparison of Hough transform, Radon transform, PCA, PCA with Wavelet transform and Moments with Wavelet transform in terms of 

mean time required for skew detection 

Name of Image 

Actual 

Skew 

Angle 

(in degree) 

Mean Time taken 

using Hough 

Transform (in 

secs) 

Mean Time taken 

using Radon 

Transform 

(in secs) 

Mean Time 

taken using PCA 

(in secs) 

Mean Time 

taken 

Using PCA 

with WT 

(in secs) 

Mean Time taken 

Using moments 

with WT 

(in secs) 

Fig. 1.1 70 0.41 0.07 - - 0.262 

Fig. 1.2 5 0.35 0.07 - - 0.21 

Fig. 1.3 10 0.81 0.1 0.25 - - 

Fig. 2.1 60 0.38 0.18 - - - 

Fig. 2.2 40 0.34 0.01 - - - 

Fig. 3.1 2 0.35 0.005 - - - 

Fig. 3.2 9 0.80 0.13 - - - 

Fig. 4.1(image of  

128X128 pels) 
10 0.46 0.01 0.02 0.018 0.0175 

Fig. 4.1(image of 

1024X1024 pels) 
10 1.47 1.05 1.1 0.70 0.65 

Fig. 4.2 9 0.34 0.034 0.06 0.055 0.049 

Fig. 5 10 0.76 0.014 - - - 

Fig. 6 12 0.84 0.15 - - - 

Fig. 7 5 0.90 0.30 - - - 



54 Time and Accuracy Analysis of Skew Detection Methods for Document Images  

Copyright © 2015 MECS                                          I.J. Information Technology and Computer Science, 2015, 11, 43-54 

Table 2. Comparison of Hough transform, Radon transform, PCA, PCA with Wavelet transform and   Moments with Wavelet transform to calculate 
Skew Angle 

Name of 

Image 

Actual 

Skew 

Angle 

(in 

degree) 

Skew 

Angle 

using 

Hough 

Transfor

m 

(in 

degree) 

Error 

Skew 

Angle 

using 

Radon 

Transfor

m 

(in 

degree) 

Error 

Skew 

Angle 

using 

PCA 

(in 

degree) 

Error 

Skew 

Angle 

using 

PCA 

With 

WD(in 

degree) 

Error 

Skew 

Angle 

using 

moment 

With  

WD(in 

degree) 

Error 

Fig. 1.1 70 70.04 0.04 70.04 0.04 - - - - -70.25 0.25 

Fig. 1.2 5 5.04 0.04 -4.95 0.05 - - - - -5.2 0.2 

Fig. 1.3 10 10.0 0 10.04 0.04 -10.3 0.3 - - - - 

Fig. 2.1 60 -60.04 0.04 -59.96 0.04 - - - - - - 

Fig. 2.2 40 40.04 0.04 40.04 0.04 - - - - - - 

Fig. 3.1 2 -2.04 0.04 2.04 0.04 - - - - - - 

Fig. 3.2 9 9.04 0.04 9.06 0.06 - - - - - - 

Fig. 4.1 10 10.04 0.04 -9.95 0.05 10.28 0.28 9.75 0.25 -10.20 0.20 

Fig. 4.2 9 9.04 0.04 8.95 0.05 9.73 0.73 9.66 0.66 -9.31 0.31 

Fig. 5 10 10.04 0.04 -9.95 0.05 - - - - - - 

Fig. 6 12 12.04 0.04 11.94 0.06 - - - - - - 

Fig. 7 5 -5.04 0.04 5.04 0.04 - - - - - - 

 


