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Abstract: This paper proposed a Hierarchical 

preprocessing model for offline handwritten based 

digital document images. This hierarchical model has 

level 0 to level 5. i.e., Noise Removal to Segmentation 

totally six levels in this hierarchical preprocessing 

model. This paper describes how various 

preprocessing methods will apply as in sequence for 

preprocessing of offline handwritten based digital 

document images for recognizing accurate characters 

and numerals from offline handwritten based digital 

document images. 

Keywords: Noise, Skew, Slant, Skeletonization, 

Segmentation. 

1. INTRODUCTION 

To convert physical document into digital format is 

called digital document images. To increase the 

lifetime of the document, most physical documents are 

converting into digital document images. To recognize 

the characters in digital document is a more 

complicated task.  Before recognizing the characters 

to apply preprocessing methods to the digital 

document is a very important task. Since the errors 

occur by scanning the document or taking the 

photograph of the document or quality of the 

document or improper writing style, the noise will 

added to the digital document images. 

Depend on types of characters made on offline 

documents, the digital document images are two 

types. One is offline printed based digital document 

images and another is offline handwritten based 

digital document images. Compare to preprocessing of 

offline printed based digital document images, 

preprocessing of offline handwritten based digital 

document images are toughest task.  

To recognize offline handwritten characters is difficult 

task compare to online handwritten characters. Since 

online handwritten characters have temporary 

information like pen strokes, pen movements and pen 

pressure, etc., therefore less preprocessing methods 

are used for online handwriting recognition. Offline 

handwritten characters have an only spatial structure 

available. 

Therefore offline handwritten characters require more 

and proper preprocessing methods than online 

handwritten characters.  

The Hierarchical model is one of the tree-structure in 

[14]. If the hierarchical model has n levels, then it can 

be indexed as 0 to n-1 levels. Level 0 consider as the 

root node for hierarchical models. We have lot of 

preprocessing methods are available, but It is 

necessary to understand step by step how to apply 

preprocessing methods to offline handwritten based 

digital document images is important and which type 

of method is suited for it. Because a proper pre-

processed digital document images will only give 

accurate recognized characters. We proposed a 

hierarchical preprocessing model for how to apply 

each and every step of preprocessing methods to 

offline handwritten based digital document images as 

in sequence. 

2. LITERATURE REVIEW 

Different preprocessing methods are used in 

recognition of offline handwritten based digital 

document images. But the main problem is very less 

papers gave the information on how to they 

implemented methods for preprocessing. Kanika 

Bansal et.al. [1] proposed K-Algorithm for removing 

noise from handwritten document images. Angle of 

document estimated by vertical projections in [2]. 

Skew angle corrected based on piecewise covering by 

parallelograms in [3]. Based on eigen-point document 

skew was corrected in[4].  

Handwritten signature slant correction described in 

[5], slant characters corrected by shear operation in[6]. 

Using dynamic programming Uchida, S. et. al. [7] 

corrected the slant of the characters. 

Handwritten overlapped characters are segmented 

in[8]. Munish Kumar et.al. [9] used water reservoir 

method to segment touched characters of gurmukhi 
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script. Veena Banasal et.al [10] segmented touching 

characters in Devanagari. 

Segmentation of Telugu touched characters described 

in [11,12,13]. Telugu overlapped characters were 

segmented by drop fall algorithm in[11], by split 

profile algorithm in[12], segmented using minimum 

area bounding boxes in[13]. 

3. PROPOSED MODEL 

We proposed six levels hierarchal preprocessing 

model for preprocessing offline handwritten based 

digital document images. The level numbers indexed 

as Level 0 to Level 5. Level 0 is a root node of 

hierarchical preprocessing model. 

Level 0: Noise Removal  

Level 1: Binarization  

 

Fig1. Proposed Hierarchical Pre-processing Model 

Level 2: Skew Correction  

Level-3: Skeletonization 

Level-4: Slant Correction 

Level-5: Segmentation  

Fig. 1 shows the proposed hierarchical preprocessing 

model for offline handwritten based digital document 

images. 

Level-0: Noise Removal 

Improper scanning of document or malfunction of 

camera or low quality of the documents , the digital 

document added by noise. It disturbance the 

recognition of the characters and numerals. Common 

noise are Gaussian noise and salt and pepper noise etc. 

Using different filters to removing noise on the image. 

Fig. 2 Shows noised image. Fig. 3 Shows noise 

removed image. We have Linear smoothing filters and 

Non-linear smoothing filters are available to remove 

the noise from the image.  

 

Fig2. Noisy Image 

 

Fig3. After Removal of Noise 

Level-1: Binarization 

Binarization is simply extract the foreground data 

from background data. Digital Document means 

scanning or photography of the document. Normally 

digital document in the form of RGB format. For 

recognition of character means analyse the structure of 

the character. No need to analyse the colour of the 

character. The RGB image contains a large format of 

data that is each byte range is from 0 to 255. But we 

need to analysis only character structure. Otsu method 

is one of the method, which is most people used for 

Binarization. A colour image can be converted to gray 

scale image. Then gray scale can be converted to 

binary image. In binary image 0 represents space and 

1 represents the part of the character. Therefore with 

binary numbers it is easy compute and recognizes the 

characters. To selecting Threshold is very important in 

Binarization. To convert to Binarization we may use 

Global Thresholding or Local Thresholding. Fig. 4 

shows RGB format of Digital Document Image and 

Fig 5 shows After Binarization digital document 

image. 
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Fig4. RGB format of Digital Document Image 

 

Fig5. After Binarization digital document image 

Level-2:  Skew Correction 

Skew correction another important step in 

preprocessing. Due to the improper scanning angle the 

document, angle of the document will changed. 

Normally we have lot of skew correction algorithms 

are available for entire document skew correction. 

Most popular skew correction algorithms based on 

Hough transform method Fig. 6 shows the Telugu 

handwritten based digital document image before 

skew Correction. Fig. 7 shows After Skew Correction 

Telugu handwritten based digital document image. 

Many of the algorithms implemented for document 

skew correction based on horizontal projection 

profiles and vertical projection profiles.  

 

Fig6. Before Skew Correction 

Another skew correction needed that is Text baseline 

skew correction. Some of languages have characters in 

the form of unconnected components. There for Text 

base line skew correction is not common to all the 

languages. Depend on language of the characters, the 

method of text base line skew correction method will 

change. Some of the skew correction algorithms 

depend on Morphology operations, some are depends 

on projection Profiles, some algorithms depends on 

Nearest-neighbour approach and some algorithms 

depends on Hough transform etc.  

 

Fig7. After Skew correction 

 

Fig8. Before Skeletonization 

 

Fig9. After Skeletonization 

Level-3:  Skeletonization 

To understand the structure of the character we need 

more detailed structure. Therefore we recognize the 

skeleton of the character by thinning process. Fig. 8 

shows the Telugu handwritten characters and Fig 9 

shows after Skeletonization Telugu characters. 8-

neighborhood of the pixel commonly used method for 

thinning of the image. 

Level-4:  Slant Correction 

After Skeletonization next level is slant correction. 

Skew correction and slant correction have some 

similarities. Some of people wrote the characters fall 

on left or right direction. The slanted character like 

italic font in word processing. Therefore slant is 

correction needed for this type of characters. Fig. 10 

Shows before Slant Correction handwritten characters. 

Fig. 11 Shows after Slant correction handwritten 

characters.   
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Fig10. Before Slant Correction 

 

Fig11. After Slant Correction 

 

Fig12. Overlapped Handwritten Telugu Characters 

 

Fig13. After Segmentation Handwritten Telugu 

Characters 

Level-5: Segmentation 

Important and a very complicated level is 

segmentation. Segmentation process depends on 

language of the characters. When we want to segment 

text into characters we need to idea about the 

language. Major problem in segmentation is 

overlapped text lines or overlapped text characters. 

Fig shows the overlapped Telugu based handwritten 

characters. Fig shows the after segmentation Telugu 

based handwritten characters. Many of the authors 

concentrated on printed touched characters. Complex 

segmentation occurs while the characters were 

handwritten characters. A proper segmentation 

method will properly segment the characters even the 

characters are overlapped or broken. Fig 12 shows 

overlapped Handwritten Telugu characters and Fig 13 

show Handwritten Telugu characters after 

segmentation. 

4. CONCLUSION 

In this paper we explained a systematic hierarchical 

preprocessing model for step by step applying various 

preprocessing methods to offline handwritten based 

digital document images.  We proposed six levels in 

hierarchical preprocessing model. However some of 

the levels have different methods or algorithms need 

to apply depend on language of characters. We 

concluded that skew correction for text line, slant 

correction and segmentation levels are important 

levels and these applied algorithms may vary depend 

on language of the characters. 
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