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Abstract 
There are many ancient documents which are becoming blur & difficult to understand day by day.  Reasons for this 
are:-The paper & printing quality is often poor. So the words in the documents are not    readable.-Faded & misprinted 
characters, irregular character & word spacing, speckles & smudges are some of the reasons why the words in the 
ancient documents are not understood. Ancient spelling can also be significantly different from modern spelling, thus 
making it harder for the users to understand it well. Ancient typesets themselves include characters different from those 
in modern print & can have different visual aspect. Such ancient documents should be made understandable so that we 
will be able to access our ancient & historic documents without any interruption & difficulty. Word indexing using 
Fuzzy Classification method is used as an effective search mechanism for this purpose. 
Keywords- ancient documents, fuzzy indexer, word sorting. 
 

1. Introduction to Word Indexing Process and Fuzzy Indexing System 

In this method a target word is selected by the user which is then processed. The indexing system receives a 
given target word selected by user. The selected target word is pre-processed using an “Aspect Ratio 
Filter”, assuring that only interesting word candidates from the document are considered. The image of 
target word is classified by oriented feature extraction using “Gabor Filter Banks”. The oriented features 
are used to generate membership functions that characterize the selected word. This target word image is 
then compared to the potential matches, using a similarity matrix. 

 
Diagram gives a brief introduction to the general functioning of the developed application. This fig presents 
the diagram of fuzzy indexing system. Segmentation on the document is performed to obtain each 
individual word images. Segmentation is performed according to the computed geometric information. This 
is document metadata. The metadata and a selected word image is the input to the main application. The 
raw metadata is pre-processed in order to optimize and fine-tune the developed system. The pre-process 
method consists of Aspect Ratio & Image Area Analysis. This pre-processing provides a safe procedure to 
eliminate word candidates that are very likely not to match with the selected word. This is the end of 
filtering phase. All the words selected in the filtering phase are passed to the main Fuzzy Indexer phase. 
Then, the main module assigns an indexing value to each candidate word, measuring its similarity to the 
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target word. Final output is a sorted word-index pair list, where the most likely matches are at the 
beginning. 

2. Fuzzy Indexer 

Fuzzy Indexer is the main module of the entire system. Fuzzy Indexer works in 4 different steps-
Segmentation, Pre-processing, Training and Classification. 
The words from the ancient documents are segmented to obtain each individual word images. The 
segmentation to obtain each individual word image is performed using the OCR package ABBYY 
FineReader Engine. This packet segments the words, according to the computed geometric information. 
This is metadata which is given as input to the main application.  
The pre-processing stage implemented to assist the indexing procedure is based on word image properties, 
namely on Aspect Ratio Filtering. Equal words should have images with similar aspect ratios, not 
necessarily equal due to printing defects. When indexing, which is meant to find matching words, 
comparing images with very different aspect ratios will seldom be useful. It can actually lead to false 
matches due to the unavoidable imperfections of the indexing algorithm. Even with perfect indexer, some 
form of filtering is desirable, for sheer computational reasons. 
Aspect ratio filtering finds words whose aspect ratio is similar to that of the target word & eliminates the 
others, not supplying them to the main indexing system. The Aspect Ratio of a given image I is defined as: 

        ar(I)=   w(I) 
                     h(I)  
       where, w(I)=Image width 
                  h(I)=Image height 
For a word image I, the target word image IT and the aspect ratio ar, the filtering decision is expressed 

mathematically by, 
 

   f(I)=     ar(I)  -      1 
               ar(IT) 
 
             
where, ar(I)=Aspect ratio of word image        
ar(IT)=Aspect ratio of target word image 

Whether to filter the word image or not is decided by the value of filtering decision, f(I).When f(I) is larger 
than a certain threshold, the two aspect ratios are too dissimilar & image I is not considered for indexing, 
otherwise, I is processed by indexing algorithm. Threshold is decided based on the selected document, the 
irregularity of the print & the desired relation between accuracy & computational efficiency. If the 
threshold is too low, the process is very fast but may skip matching words that, for some reason, have an 
appreciably different aspect ratio. A high threshold value disregards only significantly different word 
images, but slows down the processing. 
Within old documents, equal word images have approximately the same area due to relatively regular 
character sizes, on average. So it is necessary to complement the above filter with a second criterion. This 
second filter is based on image area instead of aspect ratio. Thus, the filtering decision for second filter is 
calculated as: 

         g(I)=  w(I) h(I)        -  1 
                      w(IT) h(IT) 
 

This function is very similar to f, only the image area is compared in place of aspect ratios. The final 
decision value compared with the established threshold is now the maximum between f(I) & 
g(I),effectively disregarding an image if either the filter eliminates it i.e. if it is above a threshold, 

 
             max(f(I),g(I)) >= threshold 
 
     The fuzzy indexing starts by a training step, where a target word chosen by the user is introduced. 

The indexer receives as input a chosen target word image & a set of word images where searching is to take 
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place, selected through the image property filtering. The operations corresponding to the training stage are 
performed swiftly at the beginning of each indexing run. 

 
The training process is performed in 2 steps: 
1. Oriented feature extraction, where the dominant features of the chosen word are extracted using Gabor 
Filter Banks. 
2. Membership Functions Generation, which are generated for each orientation of the word, based on the 
extracted features of images.  
Features are extracted & membership functions are built from a single target word image which is later 
compared with potential matches. 
The dominant features of a word consist of what is more common not to change between writing styles, for 
example the long vertical stroke in the b’s & t’s. In this system their extraction is performed through Gabor 
filter banks, which allow oriented feature extraction. 
The Gabor Filter is a typical wavelet that offers localized operations. As a result, it can be used to extract 
local information from regions of the image, in time & frequency domains. Its parameters specify the 
image region from which we intend to extract word features and the Gabor wavelet direction. 
The Gabor Filters are designed in spacial(x,y) &  in frequency(u,v) domains as: 

 
 
 G(u,v)=exp{-pi*[(u’-u0’)^2*6x^2+(v’-vo’)^2*6y^2]}   
  where,x’=x*cosA+y*sinA        

                          y’=-x*sinA+y*cosA 
                          u’=u*cosA+v*sinA      
                          v’=-u*sinA+v*cosA 
                          u0’=u0*cosA+v0*sinA   
                          v0’=-u0*sinA+v0*cosA 
                          u0=f*cosB                       
                          v0=f*sinB 
                          j=(-1)^1/2   
                         f =(u0^2+v0^2)^1/2 
                         A=Gabor wavelet direction 
                         B=A+90, wavelet orientation            
Equation of G(u,v) represents a 2-D Gaussian cantered at (u0,v0) in the frequency domain. The parameters 
6x,6y represent standard deviations of 2-D Gaussian, determining frequency & orientation bandwidths of 
the filter. All these parameters are word dependent. 
Input of the Gabor Filters are the fourier transform of image. Features are extracted by first applying 
discrete fourier transform to the image, multiplied by the filter values,& then by applying inverse 
transform. The resulting output is processed to avoid spurious features. 
Before starting the indexing process,a set of fuzzy membership functions is generated for each orientation 
based on the extracted features of the target word image.The membership functions intend to provide a 
description of the image features. The membership functions are represented by twisted trapezoids. This 
shape is defined by two oriented bounded rectangles. This shape provides a better fit to the shape of the 
data than 2-D trapezoids. Upper & lower thresholds must be defined for the upper & lower rectangles, 
based on the target word image W. The upper & lower thresholds, Hu & Hl respectively, are used in the 
binarization of the image, thus finding the upper & lower boundaries for each feature. These thresholds are 
determined by, 
        Hu=Cu*max{W(x,y)} 
        Hl=Cl*max(W(x,y)} 
where ,(x,y) index the location of point in image W. Constants Cu & Cl->thresholds to define general                                                 
shape  & size of word being indexed. The two bounding rectangles are determined around the extracted 
features. 
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In order to compute the membership degrees of each (x,y),first the vertices of a rectangle pair are linked 
based on minimization of Euclidean distance. Consider that the coordinates of the vertices of top rectangle 
point are given by Ti & that the coordinates of the vertices of bottom rectangle point are given by Bi with 
i=1,2,3,4.The vertices of a rectangle pair are linked such that distance between corners is minimized where                 
is the Euclidean distance between 2 corners. 

               
When the vertices are connected, it is easy to divide the membership function into 13 regions. Region 13 i.e 
inner rectangle has a membership value m(x,y) of 1.Region 1 has the following membership value, 

               
where x & y are the coordinates of the given point. 
By replacing the index 1 by 2,3 & 4,we can derive membership values, m(x,y) for regions 3,4,6,7,9,10 & 
12.Membership function for region 2 is,     

 

 
Similar interpolation rules are applied for regions 5,8 & 11.Thus the expressions for regions 1 through 12 
are analogous and can be obtained by considering the rectangle vertices in sequence and swapping the 
coordinate pairs. The global membership function for a given orientation I, denoted as ai(x,y), is defined as 
the maximum of the partial membership functions at each point, 
          ai(x,y)=max(mil(x,y)) 
 l=index corresponding to each membership function of given orientation i. Thus, in cases where features 
overlap, above equation takes only into account the most relevant feature. These maximum values are 
found continuously during the membership function generation process, in order to minimize resource 
usage. 
Once the training phase is complete, it is possible to classify new unseen words. The input for this phase is 
a test word image W & the global membership functions built during the training phase. Feature extraction 
& membership function generation method is carried for different word images The purpose of this step is 
to match the features of the target words to those of the word image being indexed. To do this, the 
dominant features for every word are aligned & the position of the dominant features is marked for each 
feature orientation. First, the centriod of a given target word is computed. The value of centriod is 
normalized to the size of the image, making their position independent from it. The normalization process 
is done as follows: 
The values of ymax, ymin, xm ax, xmin as represented in fig. are determined considering all the samples of 
given word. The y position of centriod is normalized in the range [0,1]  to the height of the word, providing 
height invariance, resulting in yn. Similarly, xn is the normalized position of the centroid w.r.t the width of 
the word The values of yn & xn are as follows, 
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Thus, the position of the parts in words with different sizes is scaled to the same size to help identification. 
When this normalization is completed, the set of features is compared, using a fuzzy decision making 
process to the training word & its respective membership functions. 
A similarity index S in the interval [0,1] must be computed between the test word W & the membership 
functions of the target word being indexed T.A large similarity translate a bigger match between the word 
image being evaluated & the training word. As the indexer must decide if the word is equal or not, a 
threshold to the similarity index S must be chosen. Similarity index, S is defined as 

                   S(W)=S(W,Ai,T) 
i.e Similarity index S is a function of the test word W, the angles of the Gabor filters Ai & the target word 
being indexed T. The computation of similarity index can be considered as a fuzzy decision making 
process. 
 
An indexing value is assigned to each word & it indicates the similarity between the subject word & the 
target word. A threshold for this value must be defined. It is expected that a high value for this threshold 
will increase the precision & low value will increase the recall of the words being indexed. 

3. Fuzzy Indexer Algorithm 

The general execution flow of the image word indexer algorithm is summarized as follows: 
-Extract features of the target word by applying Gabor Filters. 
- Derive the membership functions for target word. 
        1) Perform two-level binarization using the thresholds. 
        2) Find feature binding rectangles. 
        3) Generate fuzzy membership function. 
 
-Perform classification of unknown word images. 
        1) Extract features as in 1 & 2. 
        2) Classify word images using aspect ratio & image area, & select the word images above the 
threshold. 
        3) Determine the classifications S of the word w.r.t each image word selected in step 3.2 using 
similarity index. 
The main application of the fuzzy indexer is implemented in a dialog box application. The book in the 
image is a book which is written in Portuguese from the XVIIth century. The software application allows 
browsing through directories & selecting a book data file. The full path of the image file directory is shown 
next to the browse button. After the book is opened, the pages appear numbered in a list box control. Then, 
it is possible to select & view one image at a time in the page picture control box. To run the index process 
it is necessary to select a word to be indexed & click the “Index” button. The word is selected by clicking 
on top of the desired word in the page image shown on the page picture control box. The selected word 
appears on the word picture control box at the bottom of the dialog window. After the indexer has been 
applied, the results can be seen by pressing the previous & next button at the top of dialog box. 
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4. Conclusion 
 
This method is effective method & can be used in “real-time”. The filters developed for indexing performs 
well, drastically cutting processing time. To find an image word in a 20 pages set with 145 MBytes, the 
indexer takes about 30 sec. Thus this method is fast & retains high quality output. 
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