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A divide-and-conquer based algorithm is presented here to detect the skew angle in handwritten old 

age Modi document images. The skew angle detection range is estimated by determining the 

inclination of the document image. A new horizontal projection profile based criterion function is 

proposed and used here to compute the concentration of the black pixels. The criterion function is 

scrutinized to estimate the rotational angle range and detect the skew angle of the document image. 

The results prove that the proposed technique has corrected skew angle in diverse types of document 

images. This method accurately identifies skew angle in the clockwise or anticlockwise direction in 

estimated rotational angle range up to ±89 degree with angular resolution 0.1 degree. The Modi Lipi 

document image dataset and benchmark online datasets are used to test and compare the 

performance of the proposed approach. 

Keywords: divide-and-conquer, Modi Lipi, skew detection, horizontal projection profile, criterion 

function. 

1. Introduction 

The handwritten Modi documents have valuable and rare information as historical, land 

records, judicial, deals and deeds etc. They are archived in the libraries, museums as well 

as in the government, public and private sectors from long ago. These sectors are trying 

to preserve these chronic and valuable documents, but most of that are likely to be in 

destroying state. These sectors have been trying to keep these documents in the soft form 

by scanning and taking photos. These document images are suffered by number of 

degradations like noise and skew. When these documents will be made available in soft 

form for utilization for different purposes, it should be processed. The document image 

pre-processing has been pursuing the number of application areas including the selection 

of encoding methods for document archiving, information retrieval, transliteration 

systems, document recognition systems and transcription systems etc. [Sun  and Deyi 

(1997)]. In the pre-processing, skew correction is a vital step like de-noising and 

enhancement of the document image. The Modi document images are suffered by skew 

because of two reasons. First one is the factual reason; the skew has been introduced 

while scanner or camera captures the image. The second reason is that the writing style of 

the Modi Lipi. These documents are written on the plain paper. Before to writing the text 
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the straight line (Shirorekha) is drawn by hand. Generally, these lines drawn in slope and 

text is twisted for example as shown in Fig. 1. 

 

 
Following challenges are identified during the detection of skew in the highly 

degraded handwritten Modi documents (Table1). 

Table 1. Challenges in Modi document image 

Sr. No. Challenges 

1 Multiple skew text lines 

2 Multiple columns 

3 Highly noisy and degrade text images 

4 Full or partial thin or light text area 

5 Variable size of text 

6 Variable distance exists in between text lines 

7 Non-uniform Shirorekha 

8 Cursive style script 

9 Documents might be containing the picture or symbols (stamps) 

10 Variable length of the text lines (long and short) 

11 Document might be containing less text area 

12 Different resolution of document images 

13 Overlapped and very dense text lines 

 

Among all the skew detection techniques the horizontal projection profile is highly 

accurate with documents containing text only. The proposed skew detection method is 

implemented using the divide and conquer technique based on horizontal projection 

profile. In this approach inclination of the document is figured out and then angle range is 

estimated. The main aim of this research is to efficiently correct the skew of the highly-

degraded cursive handwritten Modi Lipi documents without the restriction of the 

identifiable angle range and with reduced computational complexity. To achieve the goal, 

the new projection criterion function is recommended.    

After introducing the perspective of Modi documents and necessity of the de-skewing 

of the documents in Section 1, Section 2 reviews the related work. In Section 3 the 

processes of the skew estimation algorithm is illustrated. The experimental results are 

discussed in the Section 4. The performance and comparison of the proposed technique is 

presented in Section 5. Section 6 is the concluding section. 

Fig. 1.  Skewed Modi document image samples. 
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2. Existing Work 

Lots of studies have been done on skew detection and correction algorithms. These 

approaches are classified in the five categories as: 1) Projection profile approach; 2) 

Hough transform approach; 3) Fourier method approach; 4) Nearest-neighbor clustering 

approach; and 5) Correlation approach [Sun and Si (1997)] [ Lin Chin-Teng et. al. 

(2006)] [[Hull (1998)]. None of these methods practically works for the documents 

suffered by one or more degradations listed in Table1. Every approach has advantages 

and limitations.    

The projection profile technique is applied by Postl [Postl (1986)] in combination 

with the Fourier transform to detect the skew in the image. Various adaptations liked to 

down sampling [Bloomberg and Kopec (1993)] [Bloomberg and Kopec (1994)] and 

recursive subdivision [Chevillat and Schindler (1982)] are included with the projection 

profile analysis to improve the accuracy. Baird [Baird (1999)] [Mahanta and Deka 

(2013)] [Singh and Kaur (2013)] and [Kavallieratou et.al. (2002a)] proposed 

modifications to the projection profile technique and Fourier transform for the fast and 

accurate iterative convergence on the skew angle. It gives higher accuracy for skew 

correction in printed documents and words. The limitations of these methods are, it is 

time consuming and restriction of the identifiable angle range. Similarly, projection 

profile based technique is presented in [Papandreou et.al. (2014)], eliminated all the 

problems in existing projection profile based techniques. But, this method is appropriate 

with printed documents. Most of these approaches saves temporary storage and reduces 

the computational complexity. Similarly, projection profile based modified approaches 

are presented by [Mahanta and Deka (2013)] [Irfan (2016)]. This approach has 

limitations and basically suffered by two problems: i) Computational and time 

complexity ii) Identifiable angle range. These techniques are not dealing with cursive and 

noisy documents [Mahnaz and Maher (2015)].  For large images, the Fourier based 

method can be computationally very expensive [ Lin Chin-Teng et.al. (2006)]. The 

research work in [Papandreou and Gatos (2011)] introduced skew detection approach 

based on vertical projections with bounding box minimization criterion. This method is 

not applicable for cursive or italic script.  

The approaches presented by [Sun and Si (1997)] and [Omar et.al. (2012)] are correct 

the skew in printed document images using gradient information.  These methods are not 

able to find out the skew in the document image contain italic font and cursive script. A 

skew angle estimation algorithm for binary document images based on the FCRM (fuzzy 

c-regression models) clustering method is presented in [ Lin Chin-Teng et. al. (2006)]. It 

is time consuming and having higher computational cost than cross correlation approach 

[Lin Chin-Teng et.al. (2006)]. The horizontal RLSA based approach is presented in 

[Abuhaiba (2003)]. It is accurate, robust, and flexible to various conditions and on 

predefined parameters. This approach is script specific. 

The number of approaches illustrated in literature are based on Hough transform for 

skew detection and correction. For example, the paper [Hosalli and Krishnamurthy 

(2012)], described a scheme for skew detection and correction of handwritten Kannada 
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document using bounding box technique, Hough transform and contour detection. 

Similarly, [ Kwag et. al. (2002)] [Nandini et.al. (2008)] [Kaur et. al. (2013)] [Ahmad 

Riaz et. al. (2016)] presents the modified techniques for the detection of skew angle 

based on Hough transform. The main limitation of these techniques is, if text is thin or 

light, it is difficult to choose a peak in the Hough space [Sun and  Si ( 1997)] [ Lin Chin-

Teng et.al.(2006)]. The methods described in [Ravikumar and Manjunath (2013)] 

[Marcus et.al.(2012 )] based on nearest neighbor clustering approach. The one advantage 

of these methods is that they are not angle range specific. But the accuracy of the 

approaches reduced on the noisy documents and if subpart of character (dot on ‘i’) and 

overlapped text lines are existing [Abuhaiba (2003)]. The restriction of the identifiable 

angle range is the main limitation of these methods [ Lin Chin-Teng et. al.(2006)] . The 

skew angle estimation of the document page is performed by employing its horizontal 

histogram and the Wigner-Ville distribution (WVD) in [ Kavallieratou et.al. (2002a)]. 

The performance of this system perfect only for the confidence range is greater than 0.38. 

The Randon transform based techniques are presented in [Kapoor et.al.(2004)] [Dong  et. 

al. (2005)] [Patel et.al. (2012)]. The accuracy of Randon transform approaches is reduced 

in the case of words with non-uniform Shirorekha, characters without Shirorekha, very 

short length text and the text contains vertical lines [Kapoor et.al.(2004)] [Dong  et. al. 

(2005)]. The benefit of both Randon transform and Wigner-Ville distribution based 

approaches is that they are not limited to range of skew angle detection. The connected 

component based skew estimation techniques presented in [Brodić  and Dragan  (2012)] 

[Brodic et.al.(2013)] [Ray (1995)] [Okun et.al. (1999)] [Panagiotis and Papamarkos 

(2008)]. These approaches estimated correct skew of the printed text containing longest 

connected component only. They do not work with handwritten documents [ Lin Chin-

Teng et. al. (2006)]. 

[Yan (1993)] introduced the cross-correlation based approach to estimate the skew 

angle. This method is applicable only when lines are present at a fixed distance [Omar 

et.al. (2012)]. This approach not efficient the document images containing graphs and 

inner strokes of characters [Lin Chin-Teng et. al. (2006)].  

The algorithms based on center of gravity [ Al-Shatnawi and Omar (2009)] and Run 

Length Smoothing algorithm [Abuhaiba (2003)] are script specific. The distance 

transform approach is analyzing the orientation of the background and few text lines. 

Thus, it is detecting skew properly in the documents which containing only text [Bar-

Yosef et. al. (2008)]. The computational complexity of morphological approach for skew 

detection is depends on skew angle range [ Najman L.A. (2003)]. This method is fully 

parameterized.  

3. Skew Angle Correction Process 

The skew detection and estimation process mainly works in three steps: i) Estimation of 

inclination of the document text; ii) Determination of the direction of rotation; and iii) 

Skew angle detection. The workflow diagram for skew detection and correction is 

depicted in Fig. 2.   
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3.1.  Pre-processing 

The inputted Modi document images are scanned or photocopy gray-level or colored 

images. The performance of the proposed approach is tested on the database of 3429 

handwritten Modi document images. All these documents are gained in soft or hard form 

from the libraries or archives for example Rajwade Sanshodhan Mandal, Dhule, 

Maharashtra. These document images are scanned and camera captured images. 

Initially, gray scale conversion is done in the pre-processing. Subsequently, the 

document image is filtered using median filter [Huang et.al. (1979)]. Filtering is utilized 

to smoothing the document image and removed the impulsive noise. Among all 

smoothing techniques median filtering is effective at removing noise in smooth patches 

or smooth regions of an image without affecting the edges [Arias-Castro and Donoho 

(2009)] [Arce (2005)]. The image binarization is used for the separation of the 

background and foreground pixels and characterize the image in to binary form. The 

foreground pixels are used to scrutinize the estimation of the skew angle. The simple 

Otsu’s global thresholding method [Otsu N. (1979)] is employed for the document image 

binarization.   

3.2. Skew angle range estimation 

The horizontal projection profile initially illustrated by [Postl (1986)]. In the basic 

version of this technique, a complete pass is made over the input image for each possible 

skew angle with in a pre-determined angle range. The projection profile of the document 

is calculated at each rotational angle in the angle range. To calculate the peaked 

characteristic, projected profile based criterion function is used. Finally, the skew angle 

of the document is the angle where the criterion function is maximized [Hull (1998)] 

[Papandreou et.al. (2014)] [Mahanta and Deka (2013)]. The criterion function is 

computed by using the sum of squares of the values in the projection profile [Mahanta 

and Deka (2013)]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Workflow diagram of skew detection and correction system. 
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Here, a new criterion function C(θ) is proposed to compute the concentration of black 

pixels at a rotational angle θ. It is computed by, summation of average (𝜇) and standard 

deviation (𝜎) of the values in the horizontal projection profile (HPP) as described in Eq. 

(1).                                         

                                             θ  μ HPP σ HPPC                                              (1) 

The average or mean value gives the contribution of column wise foreground pixels 

for the entire image. While, the standard deviation is a measure to quantify the amount of 

dispersion of a set of foreground pixels. Generally, it is used to measure the confidence in 

statistical conclusions. The average(μ) and standard deviation(𝜎) of horizontal projection 

profiles gives the more accuracy to find outs the peaks in the situations of overlapped and 

very dense text lines, cursive and non-uniform text and non-uniform Shirorekha. The 

rotation of the document image is done using the Eq. (2) with angle θ’.   
          

                                       
x cosθ' sinθ' x

 
y sinθ' cosθ' y


 

     
          

                                                      (2) 

 

The skewed document should be inclined in left or right side. The proposed approach 

is based on the observation of the horizontal projection profile (HPP) values.  These 

values are calculated by employing different rotational angles on the document image. If 

the un-skewed document is rotated towards angles nearest to the zero degree on either of 

the side negative or positive. The HPP value of the inclined document image is less than 

HPP value of the un-skewed document.  For example, as shown in Fig. 4. having plot of 

the values C (-4o) to C (4o) of a document image shown in Fig. 3. i.e. HPP is determined 

with the rotational angle range ±4o and angular resolution is 1o. Here, the value of C(-1o) 

greater than value of C(0o) and C(1o) because of document is in positive inclination. The 

skew angle is determined in the rotational angle range 0.1o to θ. Thus, instead of 

detecting the skew angle in the angle range –θ to +θ, it will be in the angle range either -

0.1o to –θ or 0.1o to +θ by determining negative or positive image inclination 

respectively.                           

Here, the document image inclination is rated by calculating three values C(-0.2o), 

C(0.2o) and C(0o). The value ±0.2 is considered because error rate up to 0.2o is accepted 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.  Positive incline Modi document image sample with skew corrected image. 
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in skew correction. The inclination of the document image is determined by comparing 

these three values using Eq. (3). 

                     

 
 
 

                  0.2  

Inclination                  0.2  

             0  

  

o
ve if C is greater

o
ve if C is greater

o
none if C is greater

 

 







                                     (3) 

Form the inclination the skew detection angle range is estimated as follows:  

(1) Negative inclination: rotational angle range is -0.1o to -θ.  

(2) Positive inclination: rotational angle range is 0.1o to θ. 

The greater value of C(0o) indicates that document image is not skewed and de-

skewing of document is not required. 

3.3. Skew angle detection and correction 

The criterion function C(θ) is computed at each angle θ’ on N angles in estimated angle 

range using divide-and-conquer strategy. This strategy suggests splitting the inputs into k 

distinct subsets, 1 < k ≤ N yielding k sub-problems. These sub-problems must be solved 

and then a method must be found to combine sub-solutions into a solution of the whole. 

To detect the skew angle of the Modi document initial rotational angle range is estimated 

using Eq. (3). The rotational angle range may be positive or negative means from θF = 

0.1o to θL= 89o θF = -0.1o to θL= -89o respectively. The concentration of black pixels C(θ) 

is calculated by splitting the number of angles into k distinct subsets, θF  < k ≤  θL yielding 

k sub-solutions using Eq.(5). The horizontal projection profile (hppθ) is calculated for the 

binarized Modi document (figθ) of size mXn, rotating by angle θ using Eq. (4) 

[Mohammed et.al. (2013)].  

                                               x ,  y

1 y N

 hpp fig x  
 

                                           (4) 

The criterion function is estimated by using the Eq. (5). 

 

 
Fig. 4.  An illustration for detection of text area inclination. 
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1 1 1

11 1 1

m m m

C hpp x hpp x hpp x
m m mx x x

       
  

  
  

  
                (5)  

Through each iteration, the rotational angle range θF to θL is estimated by examining 

the value C(θF) and C(θL). The middle angle θM of the rotational angle range is 

calculated. The value of the C(θF) and C(θL) is compared if C(θF) is greater then the value 

of θL= θM i.e. next rotational angle range is θF to θM. Otherwise θF = θM means next 

rotational angle range is θM to θL. Finally, for some angle range θF to θL both the C(θF) 

and C(θL) are equal and θF is the skewed angle. Consequently, the k sub-solutions are 

compared and angle θ’ is estimated as skew angle of the document image where the C(θ) 

is maximized. For example, the values calculated during the skew detection at each 

iteration in initially estimated angle range 0.1o to 20o for the document image given in 

Fig.3 using divide-and-conquer approach are listed in Table2 and plotted in Fig.5. For 

simplicity, here the angle range is determined up to ±20o
. 

Table 2. The values calculated at each iteration using divide-and-conquer approach 

Theta1 Theta2 C(Theta1) C(Theta2) 

0.1 20.0 70.74 54.3 

0.1 10.1 70.74 66.2 

0.1 5.1 70.74 110.04 

2.7 5.1 94.92 110.04 

2.7 3.9 94.92 113.59 

3.4 3.9 102.17 113.59 

3.7 3.9 108.87 113.59 

4.0 3.9 113.93 113.59 

4.1 4.0 114.95 113.93 

4.2 4.1 114.43 114.95 

4.3 4.1 115.13 114.95 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5.  Illustration of skew detection using divide-and-conquer approach.  
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3.4.  Algorithm 

The algorithm for the skew detection is given in Algorithm1 and divide-and-conquer 

based recursive procedure is given in Algorithm2. 

Algorithm1  Divide_And_Conquer_Skew_Correction (I) 

Input: Scanned or photocopy of degraded handwritten Modi Document image I 

1:  IG  ⟵ rgbTogray ( I )        // Conversion of color image to gray scale image 

2:  IB ⟵ grayTobinary( IG )  // Conversion of gray scale image to binary image 

3:  direction ⟵ imageIncline (IB)   //Estimate the direction of inclination 

4:  [ThetaF, ThetaL] ⟵ rotaionalAngleRange(direction) // Estimate rotational angle range 

5:  Theta’ ⟵ RFindSkewAngle(IB, ThetaF, ThetaL) 

6:  IS ⟵rotate_image(IG, Theta’ ) 

7:  Return IS  

 

Algorithm 2 Theta’ RFindSkewAngle(I, ThetaF , ThetaL) 

Begin 

        ThetaM ⟵ (ThetaF + ThetaL) / 2 

         HPPF ⟵  Horizontal_Projection_Profile(I, ThetaF )   

         HPPM ⟵  Horizontal_Projection_Profile(I, ThetaM ) 

         HPPL ⟵  Horizontal_Projection_Profile(I, ThetaL ) 

         If  HPPM  > HPPL Then 

                   Return RFindSkewAngle(I, ThetaF , ThetaM) 

         Else 

                   Return RFindSkewAngle(I, ThetaM +0.1 , ThetaL) 

         Return ThetaF  

End 

The procedure Horizontal_Projection_Profile(I, Theta) is calculated and returns the 

concentration of black pixels after rotating document image I by angle Theta.  

In the proposed algorithm, rotational angle range is reduced to the half by estimating 

the inclination of the document image.  This algorithm finds a skew angle θ’ recursively 

either in a positive or negative direction. Let, number of angles in the estimated rotational 

angle range is the powers of 2 i.e. n=2k. Each time around the iterations, middle element 

is examined and the sub-range is resolute of interest 2k. Recursively the size of n is 

reduced, for example at second iteration it will be 2k-1. The value of n in the last iteration 

is 1 i.e in the kth iteration. The overall recursive calls in worst case are up to depth of 

binary tree k, which is log n. Thus, the computational complexity of the proposed 

algorithm is O (log n). 

4.  Experimental Results and Discussion 

The performance of the algorithm is checked in the form of accuracy of the skew 

detection and time complexity. To evaluate the performance of the algorithm fourteen 

document images are randomly selected from the dataset and create the skewed document 

images manually. The sample input images are shown in Fig. 7. and corresponding skew 
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corrected images are shown in Fig. 8. These are the examples of Modi document images 

suffered by one or more challenges listed in Table1.  

The technique is more efficient to detect and correct the skew angle in Modi 

documents suffered by variety of degradations. Time and computational complexity is 

reduced greatly as compared to the existing HPP based approaches. The proposed 

algorithm is correctly detected and corrected the skew of multi-column documents. It is 

efficiently dealing with non-uniform Shirorekha and non-uniform size of text line. The 

distance between two text lines may be vary. It is robust and appropriate for printed and 

handwritten text, cursive or italic text, long or short text lines, noisy and clear documents, 

documents with graphics or symbols, thin or light text, less text area documents. It 

detects the skew angle efficiently in the very dense and overlapping text lines documents. 

The multiple skewed text lines documents are de-skewed by estimating skew angle of the 

maximum voting of text lines skew, as shown in Fig. 7(d and n).  

The error rate is calculated by comparing the actual skew angle and detected skew 

angle for the document image. Computational time of the skew detection and correction 

is also calculated. The results of the proposed approach with sample dataset are given in 

Table 3 and depicted by plot in Fig. 6. The error rate is lies in between 0.1 to 0.5 and the 

average error rate is 0.1 degree. The average time required for skew estimation and 

correction is 4.05 seconds. The error rate is 0.5 degree with document image with short 

text length with multicolumn. In some cases, time required for skew detection and 

correction is greater than 15 seconds. This situation is acceptable to get the correct results 

in the complex cases. The experiments have been carried out on the Xeon(R) workstation 

with Intel(R) X3430 @2.40GHz 2.53GHz processor and 4 GB RAM.      

Table 3. Performance results for the sample database. 

Document reference Actual skew 

angle  

(Degree) 

Detected 

skew angle 

(Degree) 

Error 

rate 

Time 

(a) Non-uniform Shirorekha and text, multi-skew 10.5 10.7 0.2 1.12 

(b) Like Name-card, multi-script -10 -9.9 0.2 0.22 

(c) Multi-script, non-uniform Shirorekha, thin text   6.4 6.4 0.0 4.07 

(d) Noisy document, multi-skew  -5.2 -4.9 0.3 5.85 

(e) Thin text, multi-column, non-uniform text 2.8 2.9 0.1 2.08 

(f) Multi-column 3 3.1 0.0 2.75 

(g) Non-text symbol -4.6 -4.6 0.0 1.50 

(h) Small text area, non-text symbol 9 9.1 0.1 10.70 

(i) Light text -9.7 -9.9 0.2 2.89 

(j) Multi-column, non-uniform text line distance -9.8 -9.9 0.0 2.49 

(k) Long and short text line length 15.2 15.2 0.0 15.03 

(l) multicolumn, long and short text line length -9.3 -9.9 0.5 1.59 

(m) text with Picture  8.1 8.1 0.0 5.60 

(n) Multi-column, with small symbols  -7.4 -7.3 0.1 0.79 

Average 0.1 4.05 

Fig. 6. Performance evaluation chart. 
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Fig. 8.  Skew corrected sample images corresponding to the document images shown in Fig. 7. (a-n) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7.  Skewed sample image dataset contains all types of document types. 
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5. Comparison of Proposed Approach with the Benchmarking Techniques 

The performance of the benchmarking techniques illustrated by [ Mahnaz and Maher 

(2015)] is used to compare the proposed approach. Mahnaz and Maher stated the results 

by testing two online datasets given as follows with their own dataset of document 

images. The size of total dataset is 130.  

(1) Maryland Tobacco800 documents database. 

(2) www.mediateam.oulu.f-i image data base. 

These online datasets and Modi document images dataset is used for the valuation. 

The comparative results are illustrated in Table 4.  

Table 4. Comparison of proposed approach based on success rate and average time. 

Method Success Rate Avg. Time(Sec) 

Projection profile [ Mahnaz and Maher (2015)] 86% 16.8 

1-st Nearest Neighbourhood[ Mahnaz and Maher (2015)] 48% 2.5 

Hough transform [ Mahnaz and Maher (2015)] 92% 4.9 

Fourier transform[ Mahnaz and Maher (2015)] 82% 2.8 

Shafii and Maher method[ Mahnaz and Maher (2015)] 95% 1.56 

Our Approach 96.49% 4.35 

The proposed algorithm shows the higher success rate as compared to other methods. 

It is also compared with the existing approaches in terms of the applicability on the 

documents categorized by some common challenges described in Table5. The state-of-art 

is reviewed and comparison is done. In the Table5 ‘Yes’ or ‘No’ indicated that the 

method is appropriate or not for given type of challenge(s) respectively. As compare to 

all the methods our approach is suitable to detect the skew of all types of challenges in 

skew detection. 

Table 5. Comparison of proposed approach based on applicability of approaches 

Challenge 

 

 

Method     

Printed 

 

Hand 

written  

Noisy Non- 

uniform 

text / 

Shirorekha 

Document 

with 

picture/ 

non-text 

symbol 

Overla-

pped  

/ dense 

text 

lines 

Multi 

column 

Multi 

skew 

Multi 

Script 

Histogram of the gradient 
orientation [Sun  and  Si ( 

1997)][Omar et.al. (2012)] 

Yes  No  No  No  Yes  No  Yes  No  Yes  

Projection profile [ 
Mahanta&Deka(2013)][Kanai 

& Bagdanov (1998)] [Postl 
(1986)] 

Yes  No No Yes  Yes  No  Yes  Yes  Yes  

Hough transform [Hosalli and 

Krishnamurthy(2012)] [ 
Kwag et. al. (2002)][Nandini 

et.al. (2008)][Kaur et. al. 

(2013)][Ahmad Riaz et. al. 
(2016)] 

Yes  Yes  No  No  No  No  Yes  No  Yes  

Fourier transform [Singh and 

Kaur (2013)]  [Postl (1986)] 

Yes  Yes  No  No  Yes  No Yes  No  Yes  
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Table 5. (Continued) 
Fourier transform [Singh and 
Kaur (2013)]  [Postl (1986)] 

Yes  Yes  No  No  Yes  No Yes  No  Yes  

Nearest-neighbor clustering 

[Ravikumar and 
Manjunath(2013)] [Marcus 

et.al.(2012 )] 

Yes  Yes  No  No  No  No Yes  No  Yes  

Cross Correlation [Yan 
(1993)] 

Yes  Yes  No  No  No  No Yes  No  Yes  

fuzzy c-regression models 
clustering [ Lin Chin-Teng et 

al.(2006)]  

Yes  Yes  No  No  Yes  No Yes  No  Yes  

Connected component 
[Brodić  and Dragan  

(2012)]Brodic et.al.(2013)] 

[Ray (1995)] [Okun et.al. 
(1999)] [  Panagiotis and 

Papamarkos (2008)] 

Yes  No  No  No  No  No Yes  No  Yes  

Radon Transform [Kapoor 
et.al.(2004)] [Dong  et. al. 

(2005)][Patel et.al. 
(2012)][15] 

Yes  Yes  No  No  No No No No Yes  

Morphological operation [ 

Najman L.A. (2003)] 

Yes Yes No No Yes No Yes No Yes  

Centre of Gravity [ Al-
Shatnawi and Omar (2009)] 

Yes  No No No No No No No No 

Distance transform [Bar-

Yosef et. al.(2008)] 

Yes Yes No No  Yes No Yes No Yes 

Run length smoothing 

algorithm (RLSA)[Abuhaiba 

(2003)] 

Yes No Yes No No No No No Yes 

The axis-parallel bounding 

box [ Mahnaz and Maher 
(2015)] 

Yes No No No Yes No Yes No Yes 

Our approach Yes  Yes Yes Yes Yes Yes  Yes Yes Yes 

6. Conclusion 

A simple and fast skew detection algorithm is proposed, which make use of horizontal 

projection profile. The results shows that the horizontal projection profile statistical 

information is sufficient to estimate the skew angle. The results have proven the 

robustness and efficiency in handling a variety of documents, such as printed and 

handwritten documents; noisy documents. The novelty of this approach is that the 

determination of rotational angle range by finding the inclination of the document. The 

inclination of the document image is calculated perfectly for all types of document 

images. The determination of rotational angle range improves the ability to handle a great 

range of skew angles with 0.1 degree of angle resolution. Because of this and divide-and-

conquer approach the proposed technique has reduced the time and computational 

complexity with increasing accuracy. The efficiency of the skew detection is not sensitive 

with non-text components and symbols. The accuracy of the skew detection is 

independent of the resolution of the document image, script, size or type of font, size of 

text area and page layout.  This technique is tolerable to correct the skew of variety of 
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handwritten old age Modi documents as: non-uniform text and Shirorekha documents; 

thin text area; documents with symbols and graphics; multicolumn and multi-skew 

documents; overlapped and very dense text lines. The results shows that overall higher 

accuracy in all types of documents as compared to state-of-art benchmarking techniques. 
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