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ABSTRACT 

Automatic information extraction (IE) from online published scientific resources 

(mainly semi-structured and unstructured) like articles, proceedings, editorials etc. is 

among the hottest areas of research in text mining. This information is essential for 

various reasons like tagging, searching, indexing the documents and search engine 

optimization. In this regard, various techniques possessing considerable accuracy 

besides other merits, have been proposed in the literature. However, their efficiency is 

limited to domain-specific documents with static and well-defined formats. Whereas 

the accuracy is significantly challenged with a slight modification in the document 

format. Hence, it can be safely stated that so far, no scheme is robust enough for 

broader types, domains, and formats of documents from diverse publishing societies. 

To address this issue, an Ontological Framework for IE (OFIE) using a fuzzy rule-

based system (FRBS) and an efficient word sense disambiguation (WSD) technique is 

proposed in this research. The FRBS module is responsible for IE in a precise manner 

by incorporating fuzzy regular expressions with an added tolerance factor conceived 

experimentally. FRBS is applied to XML and text converted versions of the same input 

document to extract two streams. Afterwards, the WSD module synthesizes both 

streams and yields the outcome that is promising semantically as well as syntactically. 

The domain is significantly wide-ranging and comprises of articles from well-known 

publishing services like IEEE, ACM, Elsevier, Springer, and few others. It is observed 

from extensive experiments and contrasting with state-of-the-art techniques that the 

proposed scheme is robust to changes in format, extracts better information, and 

exhibits a significant precision, recall and F-score as 89.14%, 89.6% and 89%, 

respectively in testing phase. As an outcome, the extracted information can be stored 

in a digital library for the sake of archiving and retrieval by means of extract, transform 

and load (ETL) process. 
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ABSTRAK 

 

 

 

 

Pengekstrakan maklumat secara automatik daripada sumber ilmiah yang diterbitkan 

dalam talian terutamanya dokumen separa berstruktur dan tidak berstruktur seperti 

artikel, prosiding dan editorial adalah antara bidang penyelidikan yang sedang hangat 

di dalam perlombongan teks. Maklumat ini penting untuk pelbagai sebab seperti 

membuat tag, pencarian, pengindeksan dokumen web dan pengoptimuman enjin 

carian. Dalam hal ini, berbagai teknik dan sistem yang mempunyai ketepatan dan 

pelbagai merit yang lain telah dicadangkan di dalam literatur. Namun, kecekapannya 

terbatas hanya pada dokumen dalam domain khusus yang mempunyai format yang 

statik dan jelas. Tambahan lagi, keupayaannya boleh dicabar  walaupun hanya dengan 

sedikit pengubahsuaian dalam format dokumen. Oleh itu, dapat dinyatakan dengan 

jelas bahawa tidak ada cara yang tahan lasak untuk pelbagai jenis, domain, dan format 

dokumen yang lebih terbuka yang ada di dalam dunia penerbitan.  Untuk menangani 

masalah ini, satu kerangka Ontologi untuk Pengekstrakan Maklumat (OFIE) 

menggunakan sistem berasaskan peraturan kabur (FRBS) dan teknik penyahtaksaan 

pengesanan perkataan (WSD) yang efisien dicadangkan di dalam penyelidikan ini. 

Modul FRBS bertanggungjawab untuk mengekstrak maklumat secara tepat melalui 

penggunaan ekspresi kabus biasa dengan penambahan faktor tolerans yang dihasilkan 

melalui eksperimen. FBRS diaplikasikan kepada XML dan teks dalam versi yang telah 

diubah daripada dokumen input yang sama dan kedua-dua aliran ini diekstrak bersama. 

Selepas itu, modul WSD mensintesis kedua-dua aliran ini dan ia menghasilkan dapatan 

akhir yang secara semantik dan sintatiknya adalah baik. Domain dokumen adalah 

sangat besar dan terdiri daripada dokumen yang diterbitkan dari perkhidmatan 

penerbitan terkenal seperti IEEE, ACM, Elsevier, Springer, dan beberapa yang lain. 

Pemerhatian yang dijalankan berdasarkan eksperimen-eksperimen secara mendalam 

dan mendapati ia berbeza dengan teknik-teknik terkini kerana cadangan baru ini adalah  

lebih tahan lasak terhadap format yang berubah-ubah, mengekstrak lebih banyak 
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maklumat, menunjukkan ketepatan yang lebih signifikan, penarikan dan skor F yang 

signifikan di mana ia mencatat 89.14%, 89.6% dan 89%, di dalam fasa ujian. Hasilnya, 

maklumat yang diekstrak ini dapat disimpan di perpustakaan digital untuk tujuan 

pengarkiban dan capaian semula melalui proses ekstrak, transformasi dan pemuatan 

(ETL).  
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CHAPTER 1 

INTRODUCTION 

This chapter provides a detailed introduction to the research study conducted. It mainly 

provides the background of the studies already accompanied in the area of information 

extraction. It further describes the statement of the problem being addresses in the 

underlying research study and its potential objectives are precisely enlisted. Moreover, 

the research scope is adequately defined based on the provided background and 

research significance is highlighted. 

1.1 Research Background 

Scientific repositories maintained by research societies such as IEEE, ACM, Elsevier 

and Springer have become an increasingly important tool for stakeholders including 

researchers, businesses, research institutions, government agencies as well as funding 

agencies (Salloum et al., 2018). These scientific repositories host millions of published 

documents that provide rich and useful information to the stakeholders. For example, 

as of October 2019, the IEEE database contains 5 million documents. Similarly, 

Elsevier publishes more than 430,000 articles annually in 2,500 journals and its 

archives contain over 13 million documents (Group, 2017) while Wiley Online Library 

has more than 4 million articles. They all contain pieces of information that are needed 

by the research community and other interested parties. The published articles are 

hosted in the form of structured and unstructured portable document format (pdf) of 

varying sizes. The structured pdf documents have all the necessary metadata 

information including the table of contents and sections. However, the unstructured 
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pdf documents contain only the basic metadata fields that include date-time stamp, file 

size and name or page numbers and used fonts.  

The information age challenges us with the effective presentation of large 

volumes of information that people must absorb to perform their jobs (Nasar & Jaffry, 

2018). This issue exists across the board in many occupations. Data must be 

consolidated and organised so that the user of information can quickly understand and 

act upon it. Data presentation is perhaps a fairly obvious problem when the data in 

question involves hundreds or thousands of numeric readings from which someone 

makes a decision. This increase in scientific content presents significant challenges for 

researchers who wish to determine, in their particular field of interest, the state of the 

art. Extracting data manually from such sources is humanly impossible due to the 

nature and huge volume of data. Thus, automated information extraction is required to 

serve the purpose. Search engines such as Google on the other hand performs 

information retrieval based on already extracted and indexed information available 

over the web (Hofmann et al., 2016). The crawlers continuously keep on indexing the 

document for the relevant terms.  A whole domain, the information extraction (IE), is 

used to extract potential data nuggets to resolve these and other related problems. The 

IE focuses mainly on the extraction of structured information from unstructured or 

semi-structured data. It is widely used in several fields, e.g., the field of medical 

sciences. 

It is apparent that extracting information manually from such a huge number 

of documents is almost impossible (Azimjonov & Alikhanov, 2018; Lipinski et al., 

2013; Ma et al., 2013; Tkaczyk, 2017). Various techniques from different fields have 

been proposed for efficient information extraction from scientific repositories (Qureshi 

et al., 2014, 2016; Rizvi et al., 2018b). These techniques include ontology, natural 

language processing (NLP), machine learning (ML), conditional random fields 

(CRF) based information extraction and some hybrid techniques (Ahmad et al., 

2016; Jayaram & Sangeeta, 2017b; Salloum et al., 2018).  

However, extraction of content and metadata from scientific repositories has 

remained a challenging task. Especially, the huge volume and the varying format of 

documents pose major technical challenges to efficiently extract the desired 

information from the repositories. Even the search engines are facing problems in 

indexing such a massive volume of documents of varying format (Jayaram & 
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Sangeeta, 2017b). This problem is getting worse as the volume of the generated 

documents is exponentially increasing (Bodo & Csato, 2017; Feldman & Sanger, n.d.; 

Groth, Lauruhn, Scerri, & Daniel Jr, 2018). Moreover, the bulk of scientific documents 

hosted in the publishers' digital libraries (Ahmad & Abawajy, 2014) are mostly 

unstructured which presents a considerable challenge in reliably and efficiently 

extracting the required information from such repositories (Do et al., 2013; Kim et al., 

2014). Although both information extraction and metadata extraction are generally 

sensitive to variations in document formats and fields of metadata, existing work does 

not consider this issue. Also, the extraction of structural information from unstructured 

and semi-structured published scientific articles has received little attention in the past. 

However, nowadays, it is among the hottest areas of research due to emerging web 

technologies like semantic web (Azimjonov & Alikhanov, 2018; Lipinski et al., 2013). 

Therefore, there is a strong need to overcome these challenges and develop an efficient 

information extraction mechanism from the published scientific documents.  

Ahmad et al., (2016) the authors proposed a rule-based method for information 

extraction from scientific articles in the form of XML or simple text. The empirical 

tests were performed on XML files with the help of pdfx online tool. The authors built 

an ontology and utilised a rule-based approach after crafting the rules by observing the 

given dataset of documents. The technique possessed an accuracy of 77.5%. However, 

a major limitation of the technique was that it worked only for one specific conference 

format. Several approaches have been designed for the extraction process in this area 

of research such as XML documents and simple text documents (Chen et al., 2018; 

Clark & Divvala, 2015; Rizvi et al., 2018b) These references never detect the suitable 

knowledge of document structure. In this field of research, various methods are 

available to extract data either from XML documents or from Plain-text documents 

(Casali et al., 2016; Prasad et al., 2018) Not even a single method uses the patterns 

in XML and text/word formats to identify the needed information in the published 

research articles. In support of a robust solution, using only one of these formats is not 

enough. (Nasar & Jaffry, 2018) provide a comprehensive literature review about the 

information extraction techniques from unstructured and semi-structured scientific 

resources. It was concluded that there is a significant need for a scheme that can 

comprehend diverse formats of scientific documents from various societies. Moreover, 

it is closely observed that a proper hybridisation of more than one techniques as a 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



4 

framework for information extraction can be promising in terms of accuracy and scope 

(Dieb et al., 2015; Tkaczyk et al., 2015) 

Based on the above discussion and the comprehensive literature review, a novel 

ontological framework has been proposed for structural information extraction from 

diverse scientific documents. The documents were taken from various research 

communities including ACM, IEEE, Springer, Elsevier and others. The framework is 

equipped with FRBS and WSD (Abd-Rashid et al., 2018) to investigate the accuracy 

in contrast to the existing techniques based on empirical results. The fuzzy regular 

expressions (having an in-built Levenshtein-distance measure) (Room, 2019) enables 

the proposed approach to deal with structural variations and missing information 

(deleted, inserted, modified). The WSD helps in improving the accuracy of the 

extracted information using a semantic similarity measure along with auto-correction 

of words and sentences. A set of comprehensive experiments has been conducted using 

real datasets from various scientific repositories and validated the proposed approach. 

The proposed approach has also been compared with various baseline techniques.  

1.2 Problem Statement 

The problem of obtaining standardised data (structured information) from the scientific 

documents (from various publishers) for scholars, readers, and data scientists as well 

as for the indexing services and search engines remains complex and daunting. This is 

mainly because of the overwhelmingly increasing volume of documents with a variety 

of formats and layouts resulting in poor indexing and inefficient information retrieval 

over the web (Chen et al., 2018; Jayaram & Sangeeta, 2017a) Although various 

techniques, that address this issue, exist (Bodo & Csato, 2017; Groth, Lauruhn, Scerri, 

& Daniel, 2018; Shah & Jain, 2014), they are developed to address a narrow domain 

and with specific rules applicable only to certain formats. Nonetheless, when these 

techniques are investigated over slightly modified formats, their performance is 

compromised. To overcome this issue of research availability, all relevant information 

must be precisely extracted from such documents to ensure that all relevant knowledge 

has been discovered. Therefore, it is paramount to have an efficient approach in 

extracting that information from published documents. The search engines can only 
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return general information which is a form of information retrieval; IE helps in 

providing that information. 

Moreover, it is observed that ontology-based dynamic information extraction 

framework for pdf documents has not been investigated so far in combination with a 

fuzzy system and word sense disambiguation because: 

 information extraction is highly domain-specific that mostly handles a specific

document corpus and layout.

 it is hard to comprehend all possible variations among documents in terms of

their layout and format even in the same subject area.

 with a little modified document format, the performance of IE systems is

greatly compromised in terms of accuracy. This shows that there is a big gap

for improvement in terms of accuracy and robustness.

 massive volume & structural differences of scientific documents result in

 poor indexing (indexing services are unable to adequately index the

documents)

 inefficient searching/discoverability of the deemed data due to lack of

unstructured information.

Moreover, it is worthy to investigate the hybrid approaches where each 

component contributes to overall problem handling. A proper hybridisation of more 

than one technique, as a framework for information extraction, can be promising in 

terms of accuracy and scope (Dieb et al., 2015; Tkaczyk et al., 2015). 

1.3 Research Objectives 

The main objectives of this research are as follows: 

i. To propose an ontology-based framework for information extraction from

scientific documents of different scientific communities with diverse formats.

ii. To develop a Fuzzy Rule-Based System for information extraction based on

the framework followed by Word Sense Disambiguation (WSD) to enhance

the accuracy.

iii. To evaluate the proposed framework on the experimental data and compare it

with the baseline approaches for information extraction.
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1.4 Research Scope 

This study focuses on a novel ontology-based approach for extraction of structural 

information from published scientific articles in pdf format using a Fuzzy Rule-Based 

System and to investigate its accuracy with existing techniques based on empirical 

results. The dataset comprised of documents from various research communities 

including ACM, IEEE, Springer, Elsevier, and others. Each publisher has its own 

format. For example, title styles, ways to describe the author names and their 

affiliations, headings and captions of figures and tables etc. Due to this diversity, it is 

hard to comprehend all these formats using a single information extraction technique. 

That demands a comprehensive framework to address all the format related issues. 

1.5 Research Significance 

The research will produce a framework for information extraction from scientific 

documents with improved accuracy along with considering the diverse nature of 

documents from ACM, IEEE, Springer, Elsevier, and several others’ styles rather than 

just one type of document. The proposed framework will be robust against varying 

document formats. Eventually, the scheme can be used for search engines, indexing 

services and digital libraries for automated information extraction and better 

utilisation/retrieval.  Finally, the approach can be utilised for automated information 

extraction and better utilisation/retrieval in search engines, indexing services, and 

digital libraries. 

1.6 Organisation of the Thesis 

 Chapter 1 provides a brief overview of the problem statement, priorities and

aims, nature and importance of this research analysis with context knowledge

of the Ontological System for Information Extraction from various scientific

sources.

 Chapter 2 describes fundamental and theoretical ideas of several information

extraction approaches and traditional systems and models that are used to

resolve various kinds of information extraction issues. This chapter also
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