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Abstract 
In Indian scenario, most of the time the office documents such as 

forwarded notices and other documents are multilingual with 

multiple skews. This poses new challenges in the field of 

document image analysis. In this direction we are presenting a 

method of estimating the skew in handwritten multilingual 

documents. From a handwritten multilingual document image 

each word is segmented using morphological operations and 

connected component analysis. Skew of each word is estimated 

by fitting a minimum circumscribing ellipse. The orientation of 

each word is estimated and then words are clustered using 

adaptive k-means clustering to identify the multiple blocks 

present in the document and average orientation of each block is 

estimated. In order to corroborate the efficacy of the proposed 

model experimentation on our own dataset is carried out. 

Keywords: Multilingual Handwritten Document; Multiple 

Skew; Connected Component Analysis; Adaptive Clustering  

 

1. Introduction 

 
There is a growing trend to share and exchange 

information electronically. The need to convert existing 

paper documents into electronic ones for better archival, 

retrieval and maintenance is therefore growing. Much 

knowledge is acquired from documents such as technical 

reports, government files, news papers, books, journals, 

magazines, letters, bank cheques, to name a few. The 

acquisition of knowledge from such documents by an 

information system can involve an extensive amount of 

handcrafting, which is generally time consuming and can 

severely limit the application of information systems. Thus, 

automatic knowledge acquisition from documents has 

become an important subject [1]. Conversion of paper 

documents into electronic forms essentially requires 

scanning and digitization. Many of the existing approaches 

of skew detection can only process pure printed document 

images successfully. But it is a challenging problem to 

process handwritten documents [2]. One of the most 

challenging tasks in analyzing handwritten documents is to 

tackle the inherent skew that is introduced due to writer’s 

handwriting, segment the handwritten lines and estimate 

the skew angle and its direction [3]. Even though some 

works are reported in the literature on skew estimation of 

handwritten documents they are monolingual and generally 

with a single skew. In country like India with multi 

languages, officers generally write forwarded notes or 

observations in different languages with different 

orientations. This imposes a greater challenge in estimation 

of multiple skews in a document with multi linguistic. To 

the best of our knowledge, no work has been reported 

towards estimation of multiple skews in handwritten 

multilingual document images. This poses new challenges 

in the field of document image analysis and has motivated 

us to take up this research work. 

In this work, we consider multilingual handwritten 

documents with multiple skews. We designed an 

algorithmic model by the use of morphological operations 

and clustering of data points. Initially different words are 

segmented out and then slope of each word is calculated. 

Words are later clustered based on their likelihood with 

respect to their spatial coordinates and slopes. The blocks 

or paragraphs belonging to each cluster are identified, the 

skew of which is estimated to be the average of the slope 

of the words belonging to that cluster. It is interesting to 

note that the proposed method is independent of the scripts 

and also the writers. 

The paper is organized as follows; Section 2 presents an 

overview of works related to skew estimation in printed 

and handwritten documents. The model proposed to 

estimate multiple skews in multilingual document is 

presented in Section 3.  Experimental results on our own 

data set are presented in the Section 4 and the conclusions 

are drawn in Section 5  

 

2. Related work 

 
There have been several techniques proposed for accurate 

estimation of skew angle in document images. The 

proposed approaches are based on Hough transform 

[17][18][16][15][9]  projection profiles [20][7][19], 

connected component analysis [22] [28][23][24], cross 

correlation [25][26], Gradient analysis [4], Fourier 

spectrum [5], Morphological transforms [6], connected 

component blotching and linear regression [7], linear 

regression analysis[8], piecewise covering by 
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parallelograms [9], fuzzy run length [10], averaged block 

directional spectrum [11], static and dynamic thresholds 

[12], minimum area bounding rectangle [13] and Cohen’s 

Class Distributions [14].  

From the literature survey, we found that most of the 

existing methods are to estimate skew in printed 

documents with text as well as non-text. Though they 

perform well on printed documents, they cannot be 

employed for handwritten documents. Only few works 

[29][30] are reported in the literature to estimate skew in 

handwritten documents that too written in a single script.  

The most challenging task involved in the handwritten 

documents with multiple skew is identifying different 

blocks written with different skews and correcting it. 

Figure 1 shows sample multilingual documents containing 

multiple skew. To the best of our knowledge there is no 

work found in the literature which can estimate skew of a 

multilingual document containing multiple skews and 

correcting it. Hence in this work we have taken up this 

work as the starting step in handwritten document analysis 

and recognition.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Samples of multilingual handwritten documents with multiple 

skew 

 

3. Proposed Model 

The method works on the entire handwritten multilingual 

document image with multiple skews. Segmenting the 

handwritten document is necessary in order to identify the 

different blocks written in different orientations. After 

segmenting the blocks it would be easy to estimate the 

multiple skewed blocks.  

To segment the blocks we carry out morphological 

operations (dilation followed by erosion) on the document 

in order to merge the characters of each word as a single 

component. Based on the connected component analysis, 

we segment each word present in the handwritten 

documents. The reason for identifying each word in the 

document is that the skew of a block depends on the skew 

of each word present it. In order to estimate the skew angle 

of each word we fit a minimum circumscribing ellipse by 

treating pixels of each word as data points and the slope of 

the major axis of the ellipse will be considered as the skew 

angle of the word. To select the pixels belonging to a 

word, we use the boundary of the connected component 

(word) and the pixels falling inside the boundary will be 

treated as data points to fit the ellipse and the angle of 

major axis will be the skew angle and length of the major 

axis will be the length of the word [21]. Instead of using 

directly the angle of major axis we recommend to 

discretize the angle into bins where each bin will span with 

a range of α to avoid overhead of calculations in grouping 

the words into blocks.  

To identify the blocks of text written in different 

orientations we use the orientation of each word along with 

the coordinates of the end points of the major axis of each 

word. This is essential as there may be multiple blocks in 

the single document with different / same orientations at 

different locations of the document. Hence, the spatial 

coordinates of end points of the major axis help us in 

preserving the spatial location of the words. To cluster the 

data we suggest to store the obtained angle α and 

coordinates (x1, y1, x2, y2)  of the end points of each axis in 

a two dimensional matrix where  each row corresponds to 

a word as shown in Table 1. 

 
Table 1. Data Structure used to preserve the orientation of words 

 

 X1 Y1 X2 
 

Y2 

Bin 

Angle 

W1 X11 Y11 X12 Y12 α 1 

W2 X21 Y21 X22 Y22 α 2 

W3 X31 Y31 X32 Y32 α 3 

.      

 

Wn 

 

Xn1 Yn1 Xn2 Yn2 α n 

 

In this work we recommend discritization of the skew 

angle α instead of having it in real domain. Now we 

suggest clustering of words based on their spatial 

coordinates and skew angle. Normally K-means clustering 

technique is used in the literature to cluster the data points. 

However it is quite difficult to fix up the appropriate value 

for the parameter k (number of clusters).  This essentially 

requires supervised knowledge which is generally not 

available in a complete automation process. Hence, in this 

(a) (b) 
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work we recommend to use the adaptive k-means 

clustering [27] algorithm. This algorithm is used as there is 

no over head of identifying the number of clusters.  The 

adaptive k-means clustering is based on spectral based 

clustering which automatically identifies the number of 

clusters. After clustering, all the words belonging to each 

cluster are together treated as a single block. The 

orientation of each block is estimated by calculating the 

average orientation of each word present in that block. The 

obtained average orientation is treated as the skew angle of 

that block. The block diagram of the proposed model is 

presented in Figure 2.  

 
 

 

Figure 2. Block diagram of the proposed model 

 

 

4. Experimentation 

In order to conduct experimentation we have created our 

own data set containing tri lingual documents. We have 

created 114 handwritten documents using three languages: 

Kannada, English and Hindi. Also documents containing 

arbitrary words of their interest in different orientations 

were also created. The contents are written in an 

unconstrained manner.  Table 2 shows the average number 

of paragraphs, lines and words containing in the entire data 

set and the Fig 3 shows the results obtained from the 

proposed model. 

 

 

 
 

 

 

 

 

 

 

 

Table 2. Average number of paragraphs, lines and words in the data set 

considered for experimentation 

Average number of  Kannada Hindi  English 

Paragraphs  2.35 1.95 2.25 

Lines 5.2 4.2 4.05 

Words 16.25 15.35 18.5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

To evaluate the performance of the proposed model the 

skew of each block is estimated manually by drawing a line 

on each paragraph in the document and the orientation of 

each line is stored. The stored orientation of the line of 

each paragraph is compared with the skew obtained by the 

proposed model. Further to corroborate the efficacy of the 

proposed model ten  human experts are asked to obtain the 

orientation of each block present in the document and the 

same has been used to compare the results obtained by the 

proposed method. Figure 4 shows average relative error in 

estimating the skew in multilingual handwritten documents 

with respect to human experts and results obtained by the 

proposed model on our data set 

 
 

Re a o

a

Average lative Error
 




            (1) 

  

Where 
a

  Actual skew and 
o

 = Obtained skew 

Figure 4. Average relative error rate of the proposed method with respect 

to human experts. 

Figure 3. A sample result obtained by the proposed model 
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In order to compare our proposed method with other state 

of the art techniques we have made a qualitative 

comparative analysis. For comparison we have considered 

several factors such as whether the model can handle 

documents written in multilingual with multiple skews. 

Also we have considered whether the model can work only 

on printed, handwritten or a document containing both 

handwritten as well as printed. These factors are 

specifically considered to show the superiority of the 

proposed model.  Table 3 contains qualitative comparative 

analysis of the proposed model with that of state of the art 

techniques. From Table 3 it is observed that none of the 

state of the art techniques work on documents written in 

multilingual with multiple skews and also documents 

containing both handwritten and printed text. 

 
Table 3. Qualitative comparative analysis of the proposed model with 

other state of the art techniques 

 
 Multiple 

Skews  

Multilingua

l  

Handwritten Print

ed 

Kavallieratou 

et al., (2002) 

NO NO YES YES 

Gatos et al., 

(1997)  

NO NO NO YES 

Amin and Wu 

(2005) 

NO NO YES YES 

Lu and Tan 

(2003) 

NO NO YES YES 

Dey and 

Noushath 

(2010) 

NO NO NO YES 

Proposed 

Model 

YES YES YES YES 

5. Conclusions 

In this paper we have presented a new model to estimate 

multiple skew of multilingual handwritten document .The 

proposed model is based on angle of major axis of each 

word segmented using connected component analysis. As 

the proposed model is based on morphological operations 

and connected component analysis, if the lines touch or 

close to each other then the estimation may not be proper. 

On the other hand it is observed that the proposed method 

works better for image blocks containing Kannada and 

English when compared to blocks written in Hindi. This is 

because the Hindi words contain elongated in the direction 

of minor axis. In the future we are going to use available 

models to identify the skews and apply our model to 

identify multiple skews. 
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