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Chapter 6 
6 Conclusions and Recommendations 
Based on the analysis of results, we can reach the following general conclusions and 

recommendations for document image enhancement at the Department of National 

Archives of Sri Lanka.  

1. Usability issues of Image Registration based techniques 

It is not practical to use image registration based techniques to overcome ink-bleed-

through problems in a real-time environment. The Department of National Archives 

is interested in a real-time solution which produces results within a reasonable time 

line, with very large document images and this requirement can not be met with 

image registration based approaches.  

2. Case dependency of thresholding techniques 

As seen in the previous chapter (5.1), we can use global thresholding when the image 

has degraded with ink-bleed-through and we can use adaptive thresholding once the 

image has captured under uneven illumination. We can further enhance the output if 

we used a pre-processed image for thresholding.  

3. Importance of right selection of pre-processing technique 

As described in previous chapter (5.4) it is necessary to select a proper pre-processing 

technique as otherwise it may harm the final output, instead of improving it. In 

general we can conclude that contrast stretching would be a good selection for image 

enhancement in historical document image domain. 

4. k-Means clustering considerations 

k-Means clustering is a very good solution for ink-bleed-through removal in 

document images. It is possible to apply it without any supervision and has less 

impact on selected color space as shown in previous chapter (5.3.2). But, the selection 

of number of clusters (k value) is crucial and we can conclude that k=3 would be a 

safe selection. Further it is recommended to apply this technique on small images or 

portions of images as it consumes a considerable time for processing. 
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5. PCA as a pre-processing technique 

Principle Component Analysis (PCA) can be used as a pre-processing technique 

before images undergo a clustering technique like k-means. PCA does not require the 

original image to be contrast stretched as PCA it self is capable of diminishing the 

noise and producing a script highlighted image, even with the original raw image. 

The performance of PCA algorithm is very high and hence we can recommend it for 

real-time application with large images. 

6. Recommendations for Color Segmentation 

As seen in the analysis, RGB color segmentation is yet another technique for 

document image enhancement. We can apply it in real-time environment and there 

should be provision for setting the correct R,G,B mean values and threshold 

(tolerance) value. We recommend a technique which uses the mouse pointer to 

conveniently locate the scripts and then point the mouse pointer to select the average 

script color as shown in figure 6.1. 

 
Figure 6.1 - Color picking for RGB segmentation (in color) 

 

Once the approximate mean values are selected, we recommend using the maximum 

among them as the startup tolerance value. Therefore for the above example the 

values will be Rmean=79, Gmean=59, Bmean=32 and Tstart = max(Rmean, Gmean, Bmean) = 79.  

 

It is possible to adopt other precise methods such as using a clustering technique for a 

small portion of image to extract the text and then mathematically finding the mean 

values for the script part.  
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6.1 Recommendations for method selection 
Since there are many methods available for image enhancement, it is useful to know 

which method most suited for a particular document image. Further, the correct order of 

method application also matters as ad hoc processing does not produce enhanced results. 

We can summarize the following recommendations for document image enhancement at 

the Department of National Archives. 

1. As the first step, the document image can be subjected to contrast stretching 

process as it definitely will cause to enhance the final output. 

2. If the image has uneven illumination, then subject the image to adaptive 

thresholding. 

3. If the image has ink-bleed-through, then subject the image to global thresholding. 

4. If the above processes did not produce an acceptable output, then we can move to 

the next stage of document image enhancement. 

5. RGB segmentation would be next choice as it produces results within a short time. 

User can provide approximate mean values and tolerance value and try to obtain 

better results.  

6. If results are not satisfactory, we can use PCA in RGB color space and get the 1st 

principle component.  

7. We can use 1st principle component as the input for k-means clustering and 

implement k-means clustering with k=2.  

8. If the results are still not satisfactory, we can redo the step number 7 with higher k 

value starting with k=3. 

 
 


