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Abstract 
 
Text is the basic form of data, which is easy to share and manipulate and this 

feature increases the exploitation of text in all the domains. The needed data 
must be accessible at any given point of time, in order to ensure data 

usability. However, data accessibility is highly challenging, due to the 

increased volume of data and the best solution to deal with this issue is data 

organization. Clustering is the best form of data organization, which groups 
the related entities together, while separating unrelated entities. 

Understanding the effectiveness of data clustering, this article presents a 

twinned text clustering algorithm based on Improved Density Based Spatial 
Clustering of Applications with Noise (IDBSCAN), which is an enhanced 

version of DBSCAN and the ConceptNet. The roughly formed clusters are 

refined by the sense based ConceptNet, which improves the performance of 
the clustering. The performance of this work is compared with recent 

existing approaches in terms of F-measure, purity and entropy. The proposed 

twinned clustering algorithm exhibits better F-measure and purity rates with 

minimal entropy rates. 
 

Keywords: Text clustering, ConceptNet, IDBSCAN, cluster labeling,Green 

communication, 
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1 Introduction 
 

Due to the advent of internet and mobile communication, the utilization 

of data is increasing day-by-day. The term „data‟ can represent different 

forms of data such as text, image, audio, video and so on. Text is the most 
commonly used type of data, as it involves no additional equipment for data 

processing. The text data can easily be processed with minimal 

computational overhead, rather than the other formats of data such as image, 
video, audio and so on. Moreover, the memory requirement of text data is 

relatively minimal, when compared to other forms of data. Due to the 

simplicity of textual data, it is widely employed in numerous applications. 

Irrespective of the simplicity of data, the rapid increase in the text data 
volume poses various challenges. For instance, excessive amount of data is 

difficult to manage and the process of data retrieval is cumbersome. The text 

data provides invaluable information however, it is difficult to exploit when 
the data is unorganized and the appropriate data may not be accessible, when 

needed. Hence, the data organization is absolutely important for effective 

data access and retrieval. 
 One of the best ways to enforce data organization is data clustering, 

which groups similar documents together, while separating dissimilar 

documents. The process of clustering can be achieved in different ways and 

some of them are partitional, hierarchical, fuzzy theory, distribution based, 
density based clustering and so on. The partitional clustering algorithms 

work by considering the central point of data as the cluster centre and the 

famous algorithms of this kind are k-means and k-medoids. Here, the centre 
point of the cluster is updated by the iterative process [1-4].  

 The hierarchical clustering algorithms build the hierarchical relationship 

between the data items. Some of the popular clustering algorithms of this 
kind are BIRCH, Chameleon and so on [5]. The fuzzy based clustering 

algorithms are based on a discrete value of label {0, 1} is modified to the 

continuous value [0,1]. Sample algorithm of this kind is Fuzzy C Means 

(FCM). The distribution based clustering algorithm works by considering the 
distribution of the data and the popular algorithms of this kind are 

Distribution Based Clustering of Large Spatial Databases (DBCLASD) and 

Gaussian Mixture Models (GMM). The density based clustering algorithms 
function by considering that the data with a high density region in the data 

space tend to fall under the same cluster. The most famous density based 

clustering algorithm is the DBSCAN algorithm.  

This work presents a document clustering algorithm based on density 
based clustering, as it is proven to be efficient upon data with arbitrary 

shapes. It is literally difficult to organize the excessive collections of data and 

data clustering paves way for it. The process of data clustering requires 
neither training nor background knowledge. The objective of the work is 

attained in three phases.  
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Initially, the text documents are pre-processed to remove stem and stop 

words (which includes prepositions, conjunctions, articles and so on), as they 

are meaningless on its own. Additionally, the time consumption can also be 
reduced.  

The second phase applies the IDBSCAN algorithm, which is an 

improvised version of DBSCAN algorithm, with the automated fixation of 
standard parameters. The clustered documents are then treated by 

ConceptNet. The ConceptNet is employed for its contextual reasoning 

capability. Finally, the clustered data are labelled by suggesting the suitable 

label for the data cluster. The proposed contributions are below.  

 It clusters the documents with the help of IDBSCAN, which can 

automatically choose its initial parameters. The documents are roughly 

clustered by IDBSCAN. 

 The roughly clustered text documents are refined with the help 

of ConceptNet, which groups the documents on the basis of the concept 
involved. This paves a way to form meaningful clusters. 

 Finally, the cluster label is fixed by considering the weight of 

terms.  

 The sections of this paper are ordered in following. Section 2 discussed 
about review of literature related to data clustering. In section 3, the proposed 

algorithm is described and in section 4, efficiency of work is analysed. 

Section 5 concludes the work. 

 

2 Review of Literature 
  

This section reviews the recent related literature with respect to text 
clustering operations. 

 In [6], a text clustering algorithm is presented on the basis of feature 

selection with statistical data. The text clustering algorithm with feature 
selection is based on Chi-square and term-category dependence. A topic 

modelling technique is proposed in [7], which is meant for the biomedical 

text corpora. This work is based on hybrid inverse document frequency and 
fuzzy k-means algorithm. The local and global term frequencies are 

identified with the help of Bag-of-Words (BoW) model. The global term 

frequency is computed by hybrid inverse document frequency and the local 

term weighting is computed by the term frequency. The performance of the 
work is tested on different datasets and the results are presented. 

 A similarity measure for text classification and clustering is proposed in 

[8]. The objective of this work is to measure the relationship between the 
pairs of documents. This work considers three different cases with respect to 

features.  
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In [9], a neural feedback based text clustering is presented on the basis of 

Convolutional Neural Networks (CNN) and k-means clustering algorithms. 
This work is based on bidirectional long and short term memory and CNN 

with k-means algorithm. Both the processes of feature extraction and 

clustering are considered together and the clustered outcomes are treated as 
feedback for parameter optimization. 

 In [10], topic representative terms for short term clustering are detected. 

This work detects the closely related topics by considering the association 
and the term significance. The association of the terms is computed by the 

inter-related co-occurrence and the term significance is computed by the term 

occurrence globally. However, this work is suitable for short text clustering. 

A text clustering scheme for Brazilian Portuguese is presented on the basis of 
evolutionary computing in [11]. Initially, the main terms are extracted and 

the index is produced for all the terms. The computed indices are utilized to 

cluster the text within the original topic. However, the time consumption of 
this work is greater. 

 The discrimination information based document clustering is presented 

in [12], which is based on consensus and classification. This work proposes 

an automated consensus building approach, which is based on a text 
classifier. The base clusters are formed by discrimination information 

measure and the concordant documents are detected, which are utilized to 

train the classifier. In [13], a text clustering algorithm based on deep 
representation learning. This work is based on the transfer learning domain 

adaptation and parameter modification during cluster iteration. The deep 

learning classification model is pre-trained with the source data and the 
parameters are initialized. The text feature vectors are then formed for 

classification. 

 A text similarity measurement of semantic cognition is presented in [14], 

which considers the vector distance between words in Chinese language. The 
clustering algorithm is then applied to acquire the similarity results and is 

performed by k-means algorithm. In [15], a distributed clustering of text 

collections is proposed. This work presents a clustering algorithm namely 
Distributed-Shared Nearest Neighbours (D-SNN), which operates over 

disjoint parts of data. This algorithm is meant for providing a global 

clustering support.  
 In [16], a clustering scheme is proposed for tracking the interest of users 

in collaboration with the help of short texts. This work proposes two different 

models for tracking the user‟s interest and their topic distribution. The user‟s 

dynamic interests are clustered with the help of Gibbs sampling algorithm. A 
comparison study between k-means and topic modelling is carried out for 

clustering Arabic documents in [17]. This work employs Latent Dirichlet 

Allocation (LDA) and k-means algorithm. Initially, the weights in the vector 
space are normalized and this enhances the clustering performance of k-

means algorithm. 
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 An algorithmic clustering based on string compression is presented in 

[18], which is meant for discovering the nature of the dataset. The text 

structure is destructed by means of a distortion technique. A clustering 
algorithm based on string compression is applied to analyse the effect of 

distortion on the information. In [19], a sparse Poisson latent block model is 

presented for document clustering. This work is based on Poisson 

distribution and a statistical model is developed, while dealing with data 
sparsity issues. 

 In [20], a text mining approach is presented on the basis of LDA. This 

work is based on four phases such as text database formation, text mining 
followed by topic modelling, topic network modelling and the similarity 

between the detected topics. A self-tuned descriptive document clustering is 

presented on the basis of predictive network in [21]. The descriptive 
clustering approach organizes the data and forms a meaningful description 

for all the clusters. The descriptions are selected by heuristic model and the 

descriptive clustering is performed by auto-encoder network. The cluster 

prediction is carried out by logistic regression models and the feature 
prediction is based on logistic or multinomial regression models.  

 In [22], an information clustering method that follows manifold-based 

optimization of the Bag-of-Features (BoF) representation is proposed. 
Initially, a spectral representation that can provide better clusters is presented 

and a dictionary is formed with respect to the histogram space. This work 

considers both k-means and spectral clustering approaches. A  co-clustering 

ensemble with bilateral k-means algorithm is presented in [23]. This work 
utilizes the information between the samples and base clusters and the 

clustering is achieved in parallel. Finally, the clusters are formed without 

employing any other clustering algorithm. 
 Motivated by these existing document clustering techniques, this article 

intends to present a density clustering based text clustering algorithm in 

association with ConceptNet. The proposed text clustering algorithm is 
elaborated in the following section. 

 

3 Proposed Text Clustering Algorithm Based On Idbscan 
and Conceptnet 
  

As the utilization of text documents increases every single day, it is 
difficult to organize the huge volume of data. The text clustering algorithm is 

presented on the basis of IDBSCAN and ConceptNet techniques. The 

proposed text clustering algorithm is based on two levels of clustering and 
the initial level of clustering produces rough clusters. The overall flow of the 

proposed clustering algorithm is depicted in figure 1.  
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Text data

Pre-processing

Form Text Clusters by 

IDBSCAN

Refine Text Clusters 

by ConceptNet

Cluster Labelling

Performance Analysis

 
Fig.1: Complete flow of the proposed twinned clustering algorithm 

 

The roughly generated clusters are refined by the ConceptNet. The labels 

for the so formed clusters are assigned by the TextRank algorithm, which 
suggests a suitable label for the formed clusters. All the phases involved in 

this work are explained in the following sub-sections. 

 

3.1 Text Data Pre-processing by Removing Stop and Stem Words 
  

Text data pre-processing is an important step, as it contains so much of 
needless data and processing all the data is unnecessary. When the data is 

processed without pre-processing, then the computational and time 

complexities tend to increase. Hence, it is always better to remove 

unnecessary components from the data, in order to save time and enhance the 
performance. Conjunctions, prepositions, pronouns and articles are not 

meaningful on their own and can be removed to ensure that the data is 

condensed. All these words are called as stop words, which are not necessary 
for processing the text data. Some of the sample stop words are depicted in 

figure 2. 
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Sample Stop Words

under over across because of and

but for with without above below

between beneath also yet from to

further both by until this that

these those a an the in

on at about towards except till
 

Fig.2: Sample stop words 

  

The process of stemming attempts to clip the word that ends with „–ing, -

ed, -es‟ and so on. The idea behind word stemming is to save memory and 
the stemming operation does not affect the meaning of the data. For instance, 

the words „started/starting/starts‟ differ in grammatical sense, yet the base 

meaning of the word is the same. Hence, it is of no use to consider the ending 
part of certain words and is better to clip them for better memory utilization. 

Hence, the first step of pre-processing is to remove needless information 

from the data to be processed. Failing to pre-process the data, leads to 
increased time, memory and computational complexity. This work pre-

processes the input data and the pre-processed data is dealt by the actual 

clustering algorithm. 

 

3.2 Twinned Clustering Algorithm based on IDBSCAN and 
ConceptNet 
  

The proposed clustering algorithm is based on twin stages of clustering 

operations such as IDBSCAN and ConceptNet. The general DBSCAN 

algorithm is based on the manual choice of epsilon (  and minimum number 

of points ).The  and  represent the distance between the 

two data points and the minimal count of data points for forming a cluster. 

Additionally, the DBSCAN algorithm is based on Euclidean distance. 

However, the manual choice of these parameters requires prior knowledge 
about the data to be clustered. This issue is handled by the proposed 

IDBSCAN algorithm [24], which can set the value of  and  in an 

automated fashion.  
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The value of  is computed by the considering the distance between the 
data points and the total count of points exist in a specific radius. The 

distribution of data is analysed and the value of  is fixed. In addition to this, 
the IDBSCAN is based on Mahalanobis distance in place of Euclidean 

distance. The Euclidean distance is quite sensitive to the geometrical shape 

of clusters, while the Mahalanobis distance is not. Hence, the initial 
clustering of this work is done by IDBSCAN and the rough clusters are 

obtained. The sample clustered outcomes by varying the distance measures 

such as Euclidean, Manhattan, Minkowski and Mahalanobis in IDBSCAN 

are as follows. 

   

 
(a) (b) 
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(c)     (d) 

Fig.3: (a,b,c,d) Sample clustering results 

  

These rough clusters are refined by the ConceptNet technique [25]. The 
ConceptNet is meant for enabling the concept based reasoning, which 

considers different semantic associations such as „part-of, capable-of, made-

of, used-for‟ and so on. This ConceptNet understands the sense of words in 
the text data and refines the roughly clustered data effectively. For instance, 

consider the word „crane‟ and the normal clustering algorithm would cluster 

all the data that encloses the term crane. The overall algorithm of this work is 
as follows. 
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Proposed Twinned Clustering Algorithm 

Input: Text records (1,2,..n) ; 
Output: Text clusters with label; 

Begin 

For (i=1 to n) 
Do 

// Text Records Pre-processing 

Remove stop words; 

Remove stemming words; 
Save the data; 

// Text Records Clustering 

Apply IDBSCAN on pre-processed data; 
Form text clusters; 

Refine the clusters by ConceptNet; 

//Cluster labelling 
Compute weight of terms; 

Find the term with greatest weight; 

Declare it as the cluster label; 

End; 

 

However, the ConceptNet analyses the data for its actual sense that the 

crane may represent the bird, lifting action or the position. Considering the 
actual sense, the clustering is performed and this fine tunes the roughly 

formed clusters. By this way, the clusters are obtained and the following 

section presents the cluster labelling process. 

 

3.3 Cluster Labelling 
  

The clustered data is processed and the list of words in the each text 
record is formed. Let WV be the word vector represented by 

                                             (1) 

The total words  in each text record are computed and the weight 

 of each word is computed by the following equation. 

                                                                                         (2) 

The word with more weight is assigned as the cluster. For instance, the 

BBC sport dataset utilized by this work shows five unique labels and all of 

them are the names of the sport. The results and discussion of the proposed 
text clustering algorithm is presented as follows.  
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4 Results and Discussion 
  

The performance of the proposed work is analysed on the publicly 
available BBCSport dataset [26]. The BBCSport dataset contains 737 

documents which are related to sports. The total class labels of this dataset 

are 5. The performance of the proposed work is analysed in two different 
rounds. Initially, the power of the combination of IDBSCAN and 

ConceptNet is proven and then the existing approaches are considered for 

comparison. The experimental results are compared in terms of F-measure, 
purity and entropy. The formulae for computing all these performance 

measures are presented in our previous work [24].  

 

4.1 Performance Analysis w.r.t  the Employed Techniques 
  

The potential of twinned clustering algorithm is exhibited by showing the 

individual performance of the IDBSCAN and ConceptNet techniques. The F-
measure determines the correctness of the clustering algorithm, while the 

purity and entropy indicates the cluster coherence and allocation of entities 

inside the cluster respectively. The experimental results are presented in 

following figure 4. 
 The experimental results show that proposed combination of IDBSCAN 

and ConceptNet performs better than the techniques when applied in single. 

A novel clustering algorithm must prove greater F-measure and purity value, 
while showing reduced entropy value. The proposed twinned clustering 

algorithm satisfies all these points by showing better F-measure and purity 

rates, while showing reduced entropy rates. 
 

 
Fig.4 : Comparative analysis w.r.t techniques 
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 However, when the DBSCAN and ConceptNet are applied individually, 

they cannot perform better. Hence, the combination of IDBSCAN and 

ConceptNet is ideal in forming better clusters and is evident with the results. 

 

4.2 Performance Analysis against Existing Approaches 
  

The performance of the proposed work is compared with the existing 
approaches such as CNN+k-means [9], classification based [12] and deep 

learning based [13] in terms of       F-measure, purity and entropy. The results 

attained by the works are presented in the following figure 5. 

  
Fig.5: Performance comparison with existing approaches 

  
Three recent existing approaches are considered for performance 

comparison against the proposed IDBSCAN+ConceptNet. From the results, 

it is proven that the proposed clustering approach performs better than the 
existing approaches. The main reasons behind the betterment of the proposed 

work are the effective pre-processing, twinned clustering by applying 

IDBSCAN and ConceptNet techniques. As the roughly formed clusters are 
refined by context based ConceptNet, the performance of the proposed work 

improves.  

 

5 Conclusions 
  

This article presents a twinned clustering algorithm for text data, which 

is based on IDBSCAN and ConceptNet. This work is based on three phases 
such as text record pre-processing, twinned clustering and cluster labelling. 

The text record pre-processing intends to remove the stop and stem words. 

The pre-processed data is applied with IDBSCAN and the rough clusters are 
formed.  
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The so formed rough clusters are refined by the ConceptNet and the 

clusters are labelled by considering the term with greatest weight. The 

performance of the work is tested over BBCSport dataset and the attained 
results are compared with the existing techniques. The proposed work proves 

better clustering results than the existing approaches. In future, this work can 

be extended to cluster the remotely stored data in cloud platform.  
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