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Chapter 2 
2 Literature Review 
When consider the historical document image enhancement literature, it is possible to see 

that Thresholding techniques are given a very high preference due to its simplicity and 

high performance. Then various other techniques are also available particularly to address 

ink-bleed-through effects. Those latter techniques can be widely categorized to ‘non-

blind’ approaches and ‘blind’ approaches based on the presence or absence of images of 

both sides of a double sided document. 

2.1 Thresholding Techniques 
 
J. He et al. [1] have applied many global and adaptive thresholding algorithms to 

historical archive documents and the results were analyzed. The algorithms included 

Global Thresholding, Niblack’s and Sauvola’s algorithms and Adaptive versions of 

Niblack’s and Sauvola’s algorithms. They found that Niblack’s algorithms perform better 

than Sauvola’s algorithms and most importantly the choice of algorithm is case-

dependant.  

 

Leedham et al. [2] on the other hand compared many thresholding techniques for 

separating text and background in degraded historical documents. They concluded that 

neither global nor local thresholding techniques performs satisfactorily.  

 

A. Mitra [3] proposes a new optimum thresholding technique which performs better than 

the well known Otsu’s thresholding technique as it has the complexity of O(n) while the 

latter has O(n2). He shows the importance of pre-processing the document image, before 

it is subjected to thresholding. 

 

Ergina and Stamatatos [9] present a hybrid approach that first applies a global 

thresholding method and then identifies the image areas that are more likely contain 
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noise. After identification of such areas, they apply local thresholding and get the 

enhanced image areas. When this approach was used with historical document images, 

the results were satisfactory provided that the foreground tone is darker than the 

background.  

2.2 Non-Blind approaches 
 
The thresholding techniques, though performs well in certain cases, they are not suitable 

in certain other cases such as ink-bleed-through degradation. The non-blind approaches 

treat this interference problem by using both sides of the document.  

 

The main idea of non-blind approach is the comparison between front and rear sides of 

the document, which requires precise document image registration. Once the two images 

are perfectly registered, the interfering strokes are identified and eliminated.  

Dubois and Pathak [5] have proposed an affine transformation technique to register two 

images and then identify ink-bleed-through areas by means of a thresholding technique. 

Chew Lim Tan et al. [6] have proposed a wavelet technique to iteratively enhance the 

foreground strokes and smear the interfering strokes. This will enhance the discriminating 

capability of Canny edge detector and causes to identify the foreground strokes. The rear 

side image was flipped horizontally to get the mirror image and then scaled to register 

with the front side. The researchers admit the limitations of the manual image registration 

which basically prevents the usage of the technique in a real-time environment. 

 

In [15], Q. Wang and C.L. Tan used Direct Stroke matching and Murtagh’s point pattern 

matching techniques to register images and then removed the corresponding matching 

pixels considering the intensity difference between foreground and interfering 

background pixels.  

2.3 Blind Approaches 
In ‘blind’ approaches the main idea is that they use only one side of the document. Even 

if the document suffers from ink-bleed-through degradation, still these type of solutions 

give a remarkably better results.  
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2.3.1 Directional Wavelet Approach 
Qian Wang et al. [7] have proposed a directional wavelet approach to remove ink-bleed-

through interference. They have convolved the wavelet filters along the directions of 45° 

and 135° so that the foreground strokes will be captured in one component and the 

interfering strokes will be captured in the other. This directional wavelet transform 

strengthens the foreground strokes and weakens the interference. The resultant image will 

then be subjected to a binarization process which will remove the interference as noise.  

 

It was observed that this process also removes small pieces of strokes which are of 

different orientations and in turn causes to miss fragments of foreground strokes. They 

proposed to use the resultant image along with the original document image to reinstate 

the missing stroke fragments and the obtained results were quite satisfactory. This 

approach has shown successful results mainly when the hand written scripts are slanted in 

45° and hence the reverse side strokes appear in 135°.  

2.3.2 Edge Detection Approach 
Another interesting finding was made by Chew Lim Tan at al. [8] for ink-bleed-through 

problem. They observed that the interfering strokes are not as sharp as the original front 

side strokes and the writing style of the documents is slanting from lower-left to upper-

right. By exploiting those two properties they used an edge detection algorithm together 

with an orientation filter to extract the foreground strokes. 

Well known Canny edge detection algorithm was used for edge detection and the 

orientation filter helps to separate the foreground and background characters, owe to the 

difference in orientation. Once the text is extracted, it undergoes on a text recovery 

process in order to recover the missing segments. 

This algorithm has produced very good results for hand written scripts which have 

slanted writing style and the interfering strokes are comparatively of low intensity. 

2.3.3 Non-supervised segmentation approach 
A very promising contribution was made by Fadoua Drira [4] and the method consists of 

recursively applying a color segmentation algorithm on a dimensionally reduced and 

decorrelated image data.  
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The main idea behind her approach is to classify the pixels of page to three classes 

namely, (1) background (2) original text and (3) interfering text. The approach uses 

Principle Component Analysis (PCA) in RGB (Red-Green-Blue) color space to reduce 

the correlation between different image components. It further gives the best low rank 

approximation to original data and that resultant data is then subjected to k-means 

clustering.  

k-means is an algorithm which uses prototypes to represent clusters by optimizing the 

squared error function. The prototypes are initially randomly assigned to a cluster. It then 

proceeds by repeated application of a two-step process where the mean vector for all 

prototypes in each cluster is computed and then prototypes are reassigned to the cluster 

whose centre is closest to the prototype. The data points are thus decomposed into 

disjoint groups such that, those belonging to same cluster are similar while others 

belonging to different clusters are dissimilar. 

 

The algorithm can be described as follows. 

(1)  The dimension of an image is reduced and its data is decorrelated using PCA. 

(2) The k-means algorithm is applied with parameter k=2, resulting in two classes of 

image pixels. 

(3) The pixels of each class back projected into the original color space. 

(4) The logarithmic histogram of each class image is printed. A comparison between the 

two class image histograms is established. The one having darker pixel values is the one 

associated to the class image that will be used as input to the same algorithm beginning 

with step 1. 
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Figure 2.1 - Recursive Non-supervised classification technique 

 

As seen in the flowchart in Figure 2.1, they have used logarithmic histogram to select the 

correct image to proceed with the next iteration.  

This algorithm has given better results when the interfering strokes are of less intensity 

compared to the foreground strokes. 

2.3.4 Advantages of Blind approaches 
The blind approaches simply use single sided images irrespective of whether the image 

has an interfering background. Since this approach doesn’t require any precise image 

registration, such related image pre-processing overhead doesn’t apply here. This it self is 

a significant advantage as it cut downs the processing time drastically.  
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The algorithms comparatively perform within an acceptable time range and hence enable 

usage in real-time environment. 

2.4 Taxonomy of solutions for ink-bleed-through problem 
As we can see from above descriptions, the methodologies available can be broadly 

categorized into three main sections, namely: 

1. Thresholding based solutions 

2. Image registration based, ‘non-blind’ solutions 

3. Single sided image based, ‘blind’ solutions 

 

 
Figure 2.2 - Taxonomy of solutions for ink-bleed-through problem 

2.5 Color Segmentation based Image Analysis 
Color segmentation is another approach used to separate color image data. Though this 

approach has not been particularly adapted as a solution for ink-bleed-through problem, it 

is a well known general solution for color image segmentation. In [10] Gonzalez and 

Woods mention the basic color image segmentation approach. They recommend using 

HSI (Hue-Saturation-Intensity) color space as color is conveniently represented in the 

hue image. Saturation is used as a masking image in order to isolate further regions of 
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interest in the hue image. The intensity on the other hand used rarely as it carries no color 

information.  

The color segmentation in RGB color space is also straightforward and it too produces 

good results as shown in [10] by Gonzalez and Woods. If we want to segment objects of 

a specified color range in RGB image, we can define an average color and that can be 

used to verify whether a given RGB pixel is in the given color range or not. 

 

C. Zhang and P. Wang [11] have proposed a new method for color image segmentation 

and it is based on HSI color space with k-means clustering. They argue the superiority of 

HSI color space over RGB color space for color image segmentation and proposed to use 

both, hue (H) and intensity (I) components. In the process of hue clustering, the special 

cyclic property of the hue component is taken into consideration.  

The algorithm has applied with medical image processing and produced satisfactory 

results. 


