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Abstract: A research paper is a rich source of academic and 

innovative writing on a particular topic, and they are 
unstructured in nature. Categorization of documents refers to 
classification of documents in classes that are predefined. It is 
arduous for a user to categories research paper in different 
domains: because extracting meaningful and relevant words 
from the research paper is a challenging task.  
For extracting important information we have used certain 
methods and classifiers. Methods like bag of words and tfidf is 
used for processing data. Prepossessing the data includes string 
tokenizing and stop-word removal. Then the processed data is 
classified using SVM classifier. For multiclass classification; 
since predefined classes are 4, therefore 1-v-r classifier is used. 
The system performance is 88% with 800 training and 200 testing 
documents. It is analyzed that the model performs better when 
the training data is more. The aim of this work is to categorize 
the documents and allocate set of predefined tag to them. It also 
evaluates the performance of the model by considering different 
percentages for training and testing sets of documents. 
 

Keywords: Categorization, tf-idf, bag of words, SVM, one-
versus-rest. 

I. INTRODUCTION 

Dramatically quick and rapid growth of data and research 
works available, make arduous for a user to categories those 
research paper in different domains. A research paper is a 
rich source of academic and innovative writing of an author 
on a particular topic. A research paper is generally 
unstructured in nature. The domain or the category of the 
research finding in the research paper is not properly 
mentioned. This arises to the need for research paper 
categorization.Categorization of text documents refer to 
automatic classification of a set of documents in predefined 
classes. With exponential growth of the data it has become 
more conceptual and relevant to categorize 
things/documents e.g. categorization of news, indexing of 
patients data on the basis of multiple factors like disease, 
surgical procedure, medication given, organization of emails 
into various groups (such as social, primary and 
promotions).  
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An interesting application of text categorization is Research 
Paper Categorization.Unstructured data in the form of text is 
everywhere: emails, web pages, research papers, social 
media and many more. The data inside the unstructured data 
is an extremely rich source of information and statistics. 
Extracting insights from it is not easy and also time-
consuming due to its unstructured nature. Proper 
categorization of research papers requires machine learning, 
text retrieval and NLP (natural language 
processing).Research paper categorization is the process of 
assigning category to research paper (text document) 
according to its content. For example a research paper 
containing the words like computer, recommendation, cloud 
etc can be categorized under Computer Science category, 
whereas papers containing words like machine, engine, 
motor etc can be categorized under Mechanical category. 
Extracting meaningful and relevant words from the research 
paper is a challenging task. Researchers handled the text 
categorization problem in many ways. Naïve Bayes (NB)[4], 
Probabilistic Bayesian models [15, 7, 12], K Nearest 
Neighbors (KNN) [18], Decision Tree (DT) [6, 9, 15], 
Decision Rules [11, 4], Support Vector Machine (SVM)[8]  
and hidden Markov model (HMM) are fundamentally 
commonly used text classification and categorization.The 
aim of this research is to categorize the research papers 
considering its textual content. The task is to automatically 
categorize text documents into its predefined classes based 
on content. 

II.  MATERIAL AND METHOD 

The need of research paper categorization system is because 
of information overloading. This over loading of 
information i.e. the overabundance of research papers makes 
the information seeking a challenging task. It increases the 
time to access and categorize a research in a desired domain. 
The different approaches used in categorization of research 
paper are: Bag of words, Tf-id.  

A. BAG OF WORDS: 

The bag of words is a simple method of feature extraction of 
the textual data. Machine learning algorithms are used to 
model the extracted features from text. The bag-of-words is 
simple model and can be used in solving problems such as 
language modeling and document categorization. 
Algorithms of machine learning cannot work with 
unstructured and raw text directly therefore the text should 
be converted into numeric structured data. The text inside 
the document is converted into vectors of numbers. The 
vectors derived from textual data mimic various linguistic 
properties of the text. This is called feature extraction. 
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For example, we assume every line as a separate document 
here. 
i like biscuits. 
i like coffee. 
i like biscuits and coffee. 
The unique words here are: “i”, “like”, “biscuits”, “coffee”, 

“and” 
Now create a document vector of fixed length as that of the 
number of unique words. And convert it to binary vector 
where 1 shows the presence of the word in the document, 
and 0 represents that the particular word is not present in the 
document. 
Binary vector for the above listed documents are: 
i like biscuits [1, 1, 1, 0, 0] 
i like coffee [1, 1, 0, 1, 0] 
i like biscuits and coffee [1, 1, 1, 1, 1] 
Bag of words represents two things: 

 A vocabulary of known distinct words. 
 A depiction of the presence of known words 

(vector). 
The model is only concerned with whether word occur in 
the document or not, and is not concerned about the position 
of word in document. 

B. TF-IDF: 

 Term frequency-inverse document frequency is a statistical 
approach to evaluate the importance of a word to a 
document, and that document is in the collection of other 
documents. Tf-idf is commonly used in text mining, 
information retrieval and user modeling. Google also uses 
tf-idf to assign rank to the web pages, i.e. uses tf-idf as web 
crawler, because search engine focus more on term 
frequency rather than counting words. It has been observed 
that more than 83% of text based recommendation system 
uses tf-idf.Tf-idf typically defines two terms: Term 
Frequency (TF) and Inverse Document Frequency (IDF). 
 TF (Term Frequency) is the ratio of the number of times a 
word appears in a document by the total number of the 
words in the document. It measures how frequently a word 
appears in a document. 
IDF (Inverse Document Frequency) calculated as the 
logarithm of ratio of the number of the documents in the 
database to the number of documents where the individual 
term occurs. It measures how important a word is to a 
document. It is observed that the words like: “is”, “a”, “the” 

may appear lot of time, but these words are less important to 
document. Thus IDF helps to find out frequent terms and 
rare ones. 
TF-IDF = tf * idf ; higher the tf * idf weight (value), unique 
the word. 
Calculating Tf-idf: 
For example in a document of 1000 words recommend 
repeat 20 times. 
Then tf = 20/1000 => 0.020 
Now if we have dataset of 1200 documents in which 
recommend appears 50 times.  
Then idf = log (1200/50) => 1.380 
Therefore, tf-idf = 0.020 * 1.380 => 0.0276. 

III.  DATA COLLECTION 

The dataset consists of 1000 research papers. These research 
papers are broadly classified into 4 major categories.  
The four categories are: 

i. Computer Science 
ii. Mechanical 

iii. Biotechnology 
iv. Electrical 

Each category contains 250 research papers. The dataset is 
collected from different online sites and even Graphic Era 
University provides the dataset for this research work. 
Data is categorized into two subsets: training set: the set of 
the data used to create and train the model for desired 
output. Test set: this set of the data is used for testing the 
model. For example if training percentage is 80% and 
testing percentage is 20%. Then out 250 papers in each 
domain 200 are classified under training dataset while other 
50 are used as testing dataset. That is there are total 800 
training research papers and 200 testing research papers. 

IV. IMPLEMENTATION 

 Tokenization: Tokenization is the approach of 
segmenting text into words and sentences. Digital text 
is a stream of characters or words. Text needs to be 
segmented into basic units such as words, numbers, 
punctuation, alpha-numerics etc. before actual text 
processing. Pre-processing of a text document and an 
identification of basic units of text to be processed is 
known as tokenization. 

 Eliminating Stop Words:  Stop words, or stop words, 
should be filtered out prior to the processing of 
document text. These are functional words which do not 
have informational meaning. Even Search Engines do 
not consider stop words in order to save space in the 
disk and to speed up search results. 

 Information Extraction: Information extraction is the 
process of extracting structured information from semi-
structured and unstructured documents. It processes 
texts with the help of natural language 
processing (NLP). 

 Term weighting for text extraction: Text in Research 
Paper is collection of different sentences and 
paragraphs. For text extraction we represent our textual 
data in vector space. The data in document in vector 
space is represented as vectors where components 
correspond to terms contained in the document and their 
value indicates weight-age for the term. The weight is 
considered to be the important concept for text 
categorization. The importance of the term to that 
document is represented by the weight of that term. 
Term frequency (TF) of word in a document is 
represented by the number of times a word appears in a 
document divided by the total number of word in the 
document. Inverse document frequency (IDF) measures 
the distribution of each word in the collection of 
documents i.e. it is the logarithm of the number of 
documents in the database divided by the number of 
documents where that particular term appears. IDF 
shows the importance of word in the corpus. 
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The weight (wt) of term t in document d is    represented as 
:-  

 Wt = TF (t, d) * IDF (N, n) 
TF (t, d) represent the ratio of the number of times t 
appears in the document d. 
IDF (N, n) represents the logarithm of the total 
number of documents in the corpus(N) to the 
number of documents where that term appears(n).  
The terms in the documents are ranked by their 
weights using TF-IDF function. The TF-IDF value 
should be high so as to show the importance of the 
word to the document. It also interprets that the 
word is rarer. The rare word signifies that the word 
is significant in summarizing the document in 
which it is present.  

 SVM Classifier: SVM (Support vector machine) is 
an approach of decision plane to depict decision 
boundaries. Set of objects with different class 
labels are separated by a decision plane. SVM sets 
a decision plane to separate the training set data 
into different classes and make decisions based on 
support vectors. Therefore the goal of SVM is to 
define optimal separating hyper-plane that 
categories new examples. The optimal separating 
hyper plane is that which have maximum margin 
between two classes. 
SVM are designed to classify linear separating 
binary classes. For multi categorization we use 1-
V-R approach i.e. one-verse rest. It is necessary to 
change the problem to multiple binary classes in 
order to apply SVM for multi classification. The 1-
V-R concept involves constructing of a binary 
classifier for each unique class. Each class 
separates objects belonging to that class from other 
that do not come. In 1-V-R there are N classes, thus 
1-V-R will create N binary classifier. The 
categorized label for document in 1-V-R SVM is 
the class/label that corresponds to the SVM with 
the highest value. 

PROCESS: 

A document is taken and based on TF-IDF values of words, 
the most recurring words are extracted. For deciding the 
recurring words, TF-IDF threshold is varied to get the 
number of recurring words in a document in the range of 30 
to 50 words. This same procedure is applied to all 1000 
documents. Then, these documents are converted into 
vectors using ‘Bag of words’ approach considering recurring 

words only.These vectors are split into training and testing 
in the ratio 70 to 30. Then, using the training data, SVM 
model is trained and the accuracy is measured using the 
testing data.The text categorization is defined as a 
categorization model to assign predefined class to new 
document. A classifier for categorizing research document is 
built by applying one-versus-rest method to a training set of 
objects. This classifier is henceforth used to predict the 
predefined tags to new papers.  

 

Figure: A flow to depict overall working model of 
categorization system. 

V. RESULT 

Table 1: Documents considered for training and testing 
purpose. 

DOCUMENT 
CONSIDERED 

No. OF DOCUMENTS 

Training set 700 

Testing set 300 

The documents are classified as training and testing set of 
data. The training data is used to train the model, while 
testing data are used to analyze model performance. 
The model is analyzed with different percentage of training 
and testing dataset. 

Table 2: Comparison of accuracy with respect to 
training and testing dataset. 

Training set 
percentage 

Testing set 
percentage 

Accuracy 

70 30 86.67 

80 20 88.00 

It is analyzed that the model performs better when the 
training data is more. And also as the system performance is 
88% with 800 training and 200 testing documents which 
shows that the system is feasible to categorize documents in 
different predefined categories. Also this accuracy can be 
increased when the size of training dataset increases.  

VI. CONCLUSION 

This paper introduces a technique for research paper 
categorization. We have used four categories for a total of 
1000 documents divided as follows: Computer Science (250 
documents), Mechanical (250 documents), Biotechnology 
(250 documents) and Civil (250 documents).  
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Research papers have data unstructured in nature. The data 
inside the unstructured data is an extremely rich source of 
information and statistics. Research paper categorization 
helps in extracting insights from it. For extracting significant 
information we have used certain methods and classifiers. 
Prepossessing the data includes string tokenizing and stop-
word removal. For processing data Bag of words and Tf-idf 
approach is used. Then the processed data is classified using 
SVM classifier. Support vector machine classifies binary 
classes. For multiclass classification; since our predefined 
classes are 4, we have used 1-v-r classifier. As there are 4 
classes then this classifier will create 4 binary classifiers. 
The research paper is categorized under that predefined 
class which has highest weight.  Documents are divided into 
training sets and testing sets in different ratios i.e. 70-30 and 
80-20. The accuracy increases when the size of training 
dataset increases i.e. when we partition in 80-20 ratio.The 
number of research papers and text documents in the past 
decades has increased rapidly. Aftermath of this rapid 
growth emphasized to classify these documents into classes 
or groups that define the content of the document. The 
proposed system could be used for categorizing research 
paper and text documents to user.In future, text 
categorization can be extended for web page categorization, 
electronic-mail categorization. Performance can be 
improved by designing and implementing hybrid networks 
to categorize a huge set of documents.  
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