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Abstract —  Research articles clustering based on domain of interest plays an important role to group text documents in a fast 

manner.  PDF articles in English and Tamil language are converted into texts for text clustering. The objective is to find the natural 

grouping of clusters in texts. Clustering is a natural way of grouping documents where it first unfolds the knowledge from texts in 

unstructured form to structured form. Clustering algorithms implemented includes Simple K-Means, Principal Component Analysis                 

(PCA-KMeans) and Kernel Principal Component Analysis (KPCA-KMeans) determining the accuracy of clusters formed. For 

clustering various research papers in PDF format the research papers and the famous book Thirukkural in Tamil text, a popular 

South Indian Language was collected and observed for clustering accuracy. The clustering process was validated using relative and 

internal validation measures. Results proved KPCA-KMeans provides the best clusters. 

Keywords— Clustering, DFFS, K-Means, PCA, KPCA, ICV Introduction 
 

1. INTRODUCTION 

The web being dynamic in nature has increased exponentially providing many resources on the web. According to the user 

satisfaction of requirements and the online availability facility the need to retrieve information from the web is satisfied for all 

users in the globe. On this regard the growth of research article publications in various streams of discipline are growing 

tremendously. Searching for a particular article from the research repository is considered to be an incredible one and also a 

time consuming process. Tremendous growth of publications is witnessed by researchers in scientific communities. Even 

though search engines on the Internet provides an efficient way for researchers to find publications of interests, the 

overwhelming amount of information still makes it a time-consuming task.  

The concept of grouping text documents such as the research articles stored in PDF format is considered for study. 

Clustering Algorithms have been developed for text documents in English, and now tests are being made for other languages 

too especially in Tamil, a south Indian language. Different natural languages could produce different clustering results, since 

each natural language has specific structures and keywords.  There is need for text document clustering in Tamil Language. The 

document involves the number of features or phrases. KMeans clustering of text documents is time consuming. 

 Clustering or grouping is the process of grouping unlabeled data into groups were selected articles are similar in one way 

or dissimilar in the other way. This process separates data, possibly giving structured data from an unstructured data. The 

process of clustering typically involves in the way the object is represented. This process specifies the features that represent the 

objects to be clustered. Feature selection and/or feature extraction are usually used.  

The cluster result of the groups to be formed is not known in advance. Instead the cluster algorithm is used to analyse the input 

data patterns and identify the groupings of terms. The clustering process uses the Euclidean distance to determine the 

distance/similarity measures effectively.  

Research articles in the form of Portable Document Format (PDF) file formats are the most predominant one for the usage 

of users of in all discipline area. In PDF article clustering, the goal of the study is to apply clustering for three text corpuses in 

English and one in Tamil language. The accuracy results are validated with various Internal Cluster Validation (ICV) and 

Relative Index Validation (RIV) measures. 

The paper is organized as follows: Section 1 introduces text clustering. Section 2 outlines the Literature Review. Section 3 

presents clustering and Cluster validation index. Section 4 discusses the Methodology used.  Section 5 brings out the Corpus 

used for study. Section 6 outlines the used Environment and Libraries. Section 7 discusses on the Experimental Results and 

finally Section 8 concludes. 

2. LITERATURE REVIEW 
Selvakumar and K. Sarkunavathi proposed the spectral clustering for clustering and cosine similarity used to determine the 

ranking of the retrieved PDF files. The spectral clustering uses the spectrum-eigen values to determine the dimensionality 

reduction. The author reported that the retrieval of PDF documents reduces the search time was  reduced to retrieve the valuable 

documents [1].  

Tuanjie Tong identified publications using ontology to find related semantic entities called Citonomy.  The document 
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clustering considers the semantic information such as citations, titles, and keywords. Citation Semantics and Vector Space 

measure (CS-VS) were used to measure the similarity between the documents. The second approach, Citation Semantics to 

Cluster Semantics (CS2CS) utilizes the semantic information by constructing document feature vectors. The CS2CS solves the 

overall runtime problem and also produced high quality clusters. Comparing the results with the clustering algorithms K-Means 

and K-Medoids, it was observed that CS2CS clustering algorithm is faster than traditional document clustering algorithms [2].  

S. K. Jayanthi and C. Kavi Priya collected research articles based on keywords. Hierarchical clustering,  K-Means 

clustering and Fuzzy C-Means clustering was used based on TF-IDF scores. The results showed that Fuzzy C-Means clustering 

is the best. The strength of Fuzzy C-Means clustering was validated using Silhouette Cluster Validation technique [3].  

Alan Calvillo E. et al. proposed a framework, a best search engine using database knowledge to work with filter, wrapper 

and ontology to get best of the words stored in a database. The use of K-Means algorithm is used to identify the appropriate text 

to search using MySQL and was finally the scientific research papers were retrieved [4]. 

Julio Fernandez et al. clustered the thesis in various fields such as Information Management Systems, Enterprise 

Management Systems, Artificial Intelligence and Digital Image Processing. K-Means SOM, Hierarchical Agglomerative 

algorithms for SingleLink, Complete-Link and Centroid based clustering were used and the number of clusters was determined 

using the Silhouette index. From the best results it was observed that the K-Means algorithm proposed four clusters considered 

to be the best followed by the Centroid link Hierarchical algorithm [5].  

Alexandre Ribeiro Afonso and Claudio Gottschalg Duque clustered the documents from Brazilian Portuguese newspaper 

and extracted newspaper contents and also used scientific papers for research. Here the process involves Corpus Selections, 

Word Class Selections, Filtering and Clustering. Simple K-Means (SKM), Sequential Information Bottleneck (sIB) [6] and 

Expectation Maximization (EM) [7] was used for clustering process.  The sIB clustering gave the best results. They finally 

suggested that for article to be clustered in any language, the semantic nature of that language should be well known [8].   

Marco Aiello and Andrea Pegoretti considered an Italian regional newspaper L’Adige to be clustered. News were divided 

into various divisions of text blocks. The text blocks are later converted into logical units (articles) prepared to perform 

clustering. Simple Clustering Algorithm (SCA), Comparative Clustering Algorithm (CCA) and Agglomerative Clustering 

Algorithm (ACA) were used based on text processing techniques like indexing, weighting, similarity and clustering of 

newspaper pages. Weighted Harmonic Mean (WHM) measures to determine the optimal similarity threshold. The results 

concluded that Agglomerative Clustering followed by Simple Clustering was the best.  

 

3. CLUSTERING AND CLUSTER VALIDATION INDEX 
A. Clustering  

Clustering or grouping, is the process of grouping unlabeled data into groups where selected features are similar in one 

way or dissimilar in the other. This process separates and groups’ data, possibly giving a structured format to an unstructured 

corpus. Partition based clustering is the K-Means clustering algorithm. This algorithm selects k as the number of clusters to be 

clustered. The clustering process uses the Euclidean distance to determine the distance/similarity measure to determine the 

distance between documents. The cluster result of the groups to be formed is not known in advance. Instead the cluster 

algorithm is used to analyze the input data patterns and identify the groupings of terms. Due to the high dimensionality, the 

feature selection and feature extraction is performed. Feature selection is satisfied using Document Feature Frequency Selection 

(DFFS). Documents are selected for a given threshold value. Feature extraction is the process of using linear Principal 

Component Analysis (PCA) or non-linear Kernel Principal Component Analysis (KPCA) transformations where the original 

features are projected to generate new features that are used in clustering. Later the newly obtained features are used in 

clustering.  The ratio BetweenSS (BSS) to TotalSS (TSS) determines the accuracy of K-Means clustering where SS stands for 

Sum of Squares. The obtained accuracy value is used as a measure to relative validity index for determining the best clustering 

algorithm.  

 

B. Cluster Validation Index 

Cluster validation considers the quality of the result of a clustering algorithm, attempting to find the partition [10]. The 

number of clusters, given as a parameter for many clustering algorithms is based on past history or expert knowledge whether 

the within-cluster and between-cluster separabilities are considered globally or locally. The validation indices measure how well 

the general goal of clustering—high similarity within clusters and high separability between clusters is achieved [10]. Validity 

indices are used to measure the quality of clustering results. The validity indices used are the internal and relative index. In this 

study, the indices  improves the accuracy of proposed clustering. The relative validity measure finds which clustering algorithm 

performs the best.  Researchers selected the minimum index values for C_Index (CI), Davies_Bouldin (DB), Sd_Scat (SS) and 

S_Dbw (SD) indices and the maximum index values for Calinski_Harabasz (CH), Dunn (DU), Gamma (GI) and Silhouette (SI) 

indices. In this study of PDF clustering these indices proved to show the quality of the resulting clustering result.  

 

4. METHODOLOGY 
The research paers in PDF format are downloaded from the web, collected and stored in as a database. The corpus is 

created for use. A converter is used to convert the PDF file format into plain text document. The preprocessing is done which 

removes images, tables, charts, tags, url’s, header, footer, punctuation, numbers and stopwords. The obtained terms are finally 

stemmed.  In common, the TF-IDF score determines the relevancy of a term to a document corpus where documents removes 

the most frequent and  least frequent terms and  normalizes in the interval [0,1]. It converts unstructured documents into 

structured Document Term Matrix (DTM).  
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Clustering algorithm is applied to the structured DTM. Since the dimensionality of the original corpus is large, 

techniques are used to reduce the size. Feature selection technique DFFS uses a threshold value T to reduce the corpus size.       

K-Means Clustering is then performed (DK). Feature extraction technique is  employed namely the PCA in linear space which 

uses pc1 and  pc2  principal components  with the highest variance for clustering and KPCA in non-linear space is performed by 

projecting the feature space into  a high dimensional space getting a new set of features without loss of information. The various 

kernel functions implemented are Radial base function Kernel (Rbf), Polynomial Kernel (Poly), Sigmoid or Tangent Kernel 

(Tanh), Bessel Kernel (Bessel) and Laplace Kernel (Laplace) where the clustering accuracy results are recorded.  

Clustering algorithms implemented are namely  i) DFFS followed by K-Means (DK) ii) DFFS, PCA followed by K-

Means (DPK) and iii) DFFS, KPCA followed by K-Means (DKK) have been used to cluster articles. Clustering is the process of 

grouping unlabelled documents into groups such that documents in the group are more or less similar.  

The strength of clustering has been validated using various Cluster Validation techniques. After completing the 

clustering process, validation metrics such as internal cluster validation measures are performed to validate the clusters and 

relative index measure is used to choose the best clustering algorithm. The overall process is depicted in the algorithm called 

PDFClusters as given below. 

 

Algorithm: PDFClusters 

Input         : Collection of PDF Corpus 

Output      : Clustering accuracy 

 

Step 1: Download the research papers in PDF file format. 

Step 2: Store research papers in a database. Create corpus 

Step 3: Convert PDF files into text files 

Step 4: Convert into plain text document and create a vector corpus 

Step 5: Preprocess the text files  

Step 6: Convert into DTM using TF-IDF  

Step 7: Perform various clustering 

i) DFFS and K-Means (DK) 

ii)  DFFS, PCA and K-means (DPK) 

iii) DFFS, KPCA and K-Means  

     (DKK-Rbf, DKK-Poly, DKK-Tanh, DKK-Bessel, DKK-Laplace) 

Step 8: Evaluate accuracy  

Step 9: Perform Cluster validation to validate the results 

 

5. CORPUS USED 
PDF is a standard file format for document storage developed by Adobe Systems. It contains documents intended to be 

preserved for a long term in an unaltered form. In addition to simple text, a PDF can include images, tables, charts, graphs and 

other multimedia elements. PDF is supported by almost all hardware, software and operating systems. All Operating Systems 

such as Windows, Linux, UNIX, Macintosh, VMS and OS/2 supports PDF formats. Its usage is well suited in various 

configurations like PC’s, Laptops and Mobile.  

The scientific corpus used is divided into three corpuses of English language and one corpus in Tamil. The first corpus 

contains BOOKSPDF having five knowledge fields like Biology, Computer Science, Economics, Geography and Physics. The 

second corpus contains ALLSUBPDF with five knowledge fields like Accounts, Arts, Geography, Economics and Law and the 

third corpus CSPDF is the computer science related research articles for five major fields like Mobile, Operating Science, 

Biometrics, Networks and Computer Graphics.   

The fourth corpus is from the Tamil language, the most famous example of Tamil couplet poetry an ancient Tamil 

moral text called Thirukkural.  It is divided into three couplets called as 'muppal' in Tamil. The first group of couplets are on 

Aṟathuppaal (        ) dealing with virtues, the second group of couplets are on Poruṭpaal (        ), dealing 

with wealth and the third group of couplets are on Kaamathuppaal (         ) dealing with love. Each kural or couplet 

contains exactly seven words, known as cirs, with four cirs on the first line and three on the second line. Thirukkural contains 

133 athikarangal each with 10 couplets with a total of 133x10=1330 kurals [11]. 

 

6. USED ENVIRONMENT AND LIBRARIES 

R programming environment [12] is taken for implementing the proposed work. The R library ―clustercrit‖ is used to 

measure the various internal validation measures [13]. XPDF is an open source viewer for Portable Document Format (PDF) 

files [14]. The XPDF also includes PDF text extractor, PDF-to-PostScript converter, PDF-to-HTML, PDF-PPM, PDF-Images 

and various other utilities [15]. The XPDF is used to extract PDF files (.pdf) and convert to text files (.txt).  
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7. EXPERIMENTAL RESULTS 

The research papers in PDF file format are downloaded and stored in as a dataset to necessitate the PDF files for study. 

The pattern in PDF file format is converted into a pattern of text file format. After preprocessing, the unstructured format is 

converted into structured format for cluster analysis, represented in the Document-Term matrix (DTM) form. This Document 

Term matrix is very large to perform K-Means clustering hence reduce the size by performing DFFS where the frequency 

selected is of a given threshold value.  Execute the K-Means (DK) algorithm. Using this DFFS, feature extraction using PCA 

with K-Means (DPK) algorithm and KPCA with K-Means (DKK) algorithm is performed.  After implementing the clustering 

algorithms, the internal validity measures are used to determine the goodness of the clustering process. Various measures of 

validity indices are C_Index (CI), Davies_Bouldin (DB), Sd_Scat (SS), S_Dbw (SD), Calinski_Harabasz (CH), Dunn (DU), 

Gamma (GI) and Silhouette (SI) indices. Later the same values are used to compare the results of the different clustering 

algorithms using relative index value.     Table 1-Table 4  depicts the experimental values obtained using the Internal Cluster 

Validation (ICV) for different internal indices and also shows the clustering accuracy results for all PDF files were the relative 

validity measure is evaluated. 
TABLE 1 

  ICV for BOOKSPDF 

 

BOOKSPDF  CI DB  SS  SD CH DU GI  SI Accuracy 

DK 0.0616 1.1457 0.7780 - 3.6925 0.6972 0.8701 0.1827 62.1 

DPK 0.2269 1.4948 0.8655 - 2.6013 0.4719 0.5881 0.1062 90.7 

DKK-Rbf 0.1743 1.1895 0.5979 - 3.0054 0.5288 0.6995 - 89.2 

DKK-Poly 0.0414 0.5869 0.0806 - 23.2794 0.4355 0.9126 - 91.2 

DKK-Tanh 0.0516 0.4905 0.0695 0.0492 20.3183 0.4125 0.8958 - 91.0 

DKK-Bessel 0.0201 0.3766 0.0623 - 22.7644 0.5172 0.9646 - 90.0 

DKK-Laplace 0.0112 0.5672 0.0705 - 36.9363 0.6963 0.9772 0.4361 94.3 

 

TABLE 2 
ICV for ALLSUBPDF 

 

ALLSUBPDF  CI DB  SS  SD CH DU GI  SI Accuracy 

DK 0.2414 1.8051 0.7597 - 5.7113 0.3303 0.3074 - 39.7 

DPK 0.2675 1.6754 0.5853 - 3.9415 0.2981 0.4030 - 94.4 

DKK-Rbf 0.1483 1.5731 0.8310 - 6.0996 0.3770 0.6047 - 89.2 

DKK-Poly 0.0313 0.3862 0.1132 0.5132 198.4272 0.0321 0.8102 - 94.8 

DKK-Tanh 0.0310 0.3839 0.1112 0.4112 198.9382 0.0328 0.8140 - 95.8 

DKK-Bessel 0.0701 0.7156 0.1185 1.2852 160.0778 0.0220 0.4766 - 93.8 

DKK-Laplace 0.0582 0.6152 0.1709 - 65.7472 0.0806 0.7989 0.4402 87.5 

         
 

 

TABLE 3 

 ICV for CSPDF 

 

 

 

 

 

 

 

 

 

 

 

 

 

CSPDF CI DB SS SD CH DU GI SI Accuracy 

DK 0.1926 1.8380 1.2901 - 3.8797 0.3886 0.5764 - 30.1 

DPK 0.2741 2.1580 0.9305 - 4.1204 0.3405 0.3977 0.2717 92.6 

DKK-Rbf 0.1287 1.8465 0.8652 - 4.4806 0.4258 0.7256 0.3717 88.5 

DKK-Poly 0.0568 0.7309 0.2780 1.4691 34.6460 0.0729 0.4713 0.8489 79.4 

DKK-Tanh 0.0192 0.4714 0.0825 - 112.3566 0.2606 0.9344 0.6737 95.6 

DKK-Bessel 0.0235 0.4441 0.0726 0.0726 82.5145 0.3111 0.9333 0.7459 90.2 

DKK-Laplace 0.0868 0.9635 0.4764 3.0675 22.6292 0.0215 0.7324 0.2985 71.5 
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TABLE 4 

 ICV for THIRUKKURAL  
 

THIRUKKURAL  CI DB  SS  SD CH DU GI  SI Accuracy 

DK 0.1926 1.8380 1.2901 - 3.8797 0.3886 0.5764 - 6.8 

DPK 0.2741 2.1580 0.9305 - 4.1204 0.3405 0.3977 0.2717 83.5 

DKK-Rbf 0.1287 1.8465 0.8652 - 4.4806 0.4258 0.7256 0.3717 48.6 

DKK-Poly 0.0568 0.7309 0.2780 1.4692 34.6460 0.0729 0.8489 0.4713 73.6 

DKK-Tanh 0.0192 0.4714 0.0825 - 112.3566 0.2606 0.9344 0.6737 64.2 

DKK-Bessel 0.0235 0.4441 0.0726 0.0726 82.5145 0.3111 0.9333 0.7459 83.9 

DKK-Laplace 0.0868 0.9635 0.4764 3.0675 22.6292 0.0215 0.7324 0.2985 67.1 

 

The validity indices CI, DB, SS, CH, DU and GI are satisfied for all PDF corpuses. The SD index did not perform well 

for all PDF’corpuses and SI index did not perform well for corpuses BOOKSPDF and ALLSUBPDF.  

Internal validity measures that satisfies for the dataset are as follows, for BOOKSPDF four internal index value CI, CH, 

GI and SI satisfying for  DKK-Laplace, for ALLSUBPDF six indices CI, DB, SS, SD, CH and GI satisfying for DKK-Tanh 

clustering, for CSPDF three indices CI, CH and GI satisfying for DKK-Tanh clustering and three indices DB, SS and SD 

satisfying for DKK-Bessel clustering. These corpuses are in English. Thirukkural satisfies four indices DB, SS, SD and SI for 

the DKK-Bessel clustering. This is the corpus in Tamil. To obtain relative validity measures compare the different clustering 

algorithm. Fig. 1 shows the clustering accuracy for PDF files.  

 

 
 

Fig. 1 Cluster Accuracy for PDF Files 

 

From the above tables it is noted that, BOOKSPDF performed better with an accuracy result of 94.3% for DKK-

Laplace, ALLSUBPDF performed better with an accuracy result of 95.8% for DKK-Tanh,  CSPDF performed better with an 

accuracy result of 95.6% for DKK-Tanh and Thirukkural performed better with an accuracy result of 83.9 %  for DKK-Bessel. 

In all four cases of corpus used the Kernel way of   K-Means clustering (DKK) proved to be the best. 

 

8. CONCLUSION 

In this paper heterogeneous PDF files were collected from the web pertaining to research article and one from Tamil 

greatest and famous book with virtues named Thirukkural. Clustering was applied to all these PDF research articles and E-

books and several cluster validity indices have been evaluated and tested. Relative index validation was also performed. It was 

found that the PDF articles, E-books and Tamil Thirukkural performed equally well in clustering. All the clustering results 

proved that Kernel PCA as the best.  
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