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Chapter 1 
1 Introduction 

1.1 Overview of the Research problem 

The Department of National Archives of Sri Lanka maintains a huge collection of 

historical documents. These include and not limited to; 

• Documents related to colonial rule 

• Historical land allocations  

• Tax registers 

• Government publications 

• Old Newspapers and 

• Private manuscript collections. 

The public and the authorities alike use these documents for various purposes and the 

department issues true extracts of the original documents particularly for legal purposes. 

The department has recently launched a document digitization process in order to 

preserve the originals. It was observed that after digitizing the originals, certain outputs 

are hardly legible due to many reasons like; 

1. The original documents are stained or discolored 

2. The front side writing is interfered by ink-seep-through from the back side  

3. The letters are not prominent due to natural aging and 

4. The document is not evenly illuminated during the digitization process. 

The enhancement of readability of these document images is the primary objective of this 

research. When the front side writing is interfered due to ink-seep-through from rear side, 

the legibility is drastically reduced in the double sided documents. Therefore more 

attention is given to such document images.  
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1.2 Overview of the Method of Study 

Many sample images were collected from the Department of National Archives and they 

are thoroughly analyzed in order to identify the nature of the problem. The document 

images are fairly large in size and the amount of ink-seep-through varies from document 

to document. The writing style, the intensity level of the characters, scale of the image, 

all varies from document to document, preventing the possibility of a global solution. 

Sometimes, only a single side image was available from a double sided document and 

finding of the exact pair is also not straightforward. Since the entire image size is fairly 

large, portions of image are being used as the samples in the experiments.  

First, the well known image enhancement techniques available in the image processing 

domain were studied and applied with the samples. The areas paid attention includes: 

1. Histogram equalization 

2. Adaptive histogram equalization 

3. Contrast Stretching  

4. Color image segmentation and 

5. Spatial and Frequency domain filters 

 

Next, an in-depth literature review is carried out, in order to understand the previous and 

recent research effort. Once a potential algorithm is uncovered, it is implemented in 

Matlab and tried out using the available sample images.  

 

Logical combinations of various proven methods are also tried out and slight adjustments 

or improvements to the original algorithms are made in order to suit with the current 

problem. This was made possible by means of an application written in Matlab. Most of 

the traditional image enhancement techniques and the novel techniques found in the 

previous research work are incorporated to this application. It further included the 

flexibility to vary the dominant parameters and then closely observe the results. The 

resultant image can then be used as an input to another completely different experiment 

as well.  
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Other than the ink-bleed-through problem specific solutions, some other techniques such 

as color image segmentation are also incorporated to the application since they too are 

found providing satisfactory results. 

This methodology has enabled us in closely analyzing many different images with many 

distinct algorithms and to decide on the facilities that may be required in the final 

application. Since the Department of National Archives would prefer to use the proposed 

solution in real-time environment, the final solution may be optimized to give enhanced 

image outputs within an acceptable time frame. 

1.3 Previous Work 

There are many interesting works available for degraded document image enhancement 

and those can be broadly classified to three main areas, namely; 

1. Thresholding based techniques 

2. Image registration based ‘non-blind’ approaches and 

3. Single image based ‘blind’ approaches. 

 

In the history, most researchers had invested time in finding a ‘one’ parameter to 

represent the level for thresholding and this common technique is widely known as 

Global Thresholding. Particularly Otsu in 1979 found a global thresholding technique 

which, even today is widely used. Thereafter many researchers made improvements to 

the Otsu’s technique such as A. Mitra [3] and tried to optimize or enhance its 

performance.  

When the illumination is not evenly applied throughout the document, global 

thresholding does not provide good results and an Adaptive thresholding technique has to 

be employed. There are other hybrid approaches [9] in which researchers used both 

Global and Adaptive techniques and came up with better results. Again some researches 

were carried out to measure the performance of many available thresholding techniques 

[1], [2] and they mostly concluded that the performance of an algorithm is case 

dependant.  
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The other type of solution available for ink-bleed-through is based on precise image 

registration and afterwards conducting some text extraction procedure. Since this 

approach requires two images from both sides of the double sided document, the 

approach is named as ‘non-blind’ approach. In order to register the two images, an affine 

transformation is proposed by Dubois and Pathak [5] and then a thresholding technique 

was used to extract the front side scripts. In [6], C.L. Tan et al. proposed a wavelet 

approach to enhance the foreground scripts while smearing out the background. The 

enhanced image is then subjected to Canny edge detection and image registration is used 

to recover the lost script segments. 

 

The remaining category of solution uses only one side of the document and hence termed 

as ‘blind’ approach. Directional wavelets oriented in 45° and 135° are used in [7] by 

Q.Wang et al. and particularly exploited the slanted writing style. C.L. Tan in [8] used 

Canny edge detection and an orientation filter to recover the foreground scripts. He has 

exploited both the slanted writing style as well as the intensity difference of foreground 

and background characters in this research.  

 

Fadoua Drira [4] has introduced a novel approach which basically classifies the image 

pixels into three classes namely (1) background (2) original text and (3) interfering text. 

The method uses Principle Component Analysis (PCA) in RGB (Red-Green-Blue) color 

space to reduce the correlation between different image components and then uses k-

means clustering to segment the foreground text from the rest. By applying the algorithm 

recursively, it was possible to achieve automatic text detection.  

 

Other than the above ink-bleed-through problem related work, we have paid attention to 

many color image segmentation approaches as well. Those approaches included the basic 

color segmentation in RGB color space as mentioned in [10] by Gonzalez and Woods and 

some others done in different color spaces like HSI (Hue-Saturation-Intensity) and Lab. 

 

The proposed solution is more biased towards providing many proven techniques rather 

than confining to one. As shown by many researchers, most of the thresholding 
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techniques are case dependant and we have found that the same applies for other ‘blind’ 

approaches as well. In other words, one enhancement procedure works well for one set of 

images while for another set it does not. In forthcoming chapters this will be shown with 

evidence and therefore as a practical solution for the Department of National Archives, 

we propose an image enhancement application which consists of implementation of most 

of the proven algorithms so that the best suited one can be employed for the image under 

analysis.  


