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Abstract. Nowadays PDF books have become widely used because of their easily availability and accessibility through the Internet from anywhere and anytime. However, the
process of extracting information structure from PDF sources automatically is considered
as a challenging task. Nonetheless, it is necessary for effective knowledge representation,
archiving and retrieval through creating the digital libraries in semantic web. In this
work, an intelligent rule-based approach is proposed for extracting the logical metadata
from PDF books accurately. Furthermore, a set of rules and underlying patterns are
defined to achieve high performance in terms of accuracy. The experimental results indicate that the proposed approach is capable of extracting the metadata from PDF books
successfully with an overall accuracy of 94.62% and 90.27% for both training and testing
sets, respectively. Moreover, this study could benefit the publishing houses to enhance
the indexing, citations, and usability of their electronic books. Also, it would help the
researchers who are interested in improving the performance of extracting information
from PDF documents.
Keywords: Information extraction, Rule-based, Regular expression, Metadata, PDF
books

1. Introduction. As a result of the evolution in technology nowadays, a huge number of
resources become available in a digital form on the Internet. And Information Extraction
(IE) has become an increasingly important field that has been growing very fast in the last
few years, respectively with the massive amounts of generated data on the Internet. Information extraction refers to the process of extracting the information from unstructured
or semi-structured text sources by detecting the rules of the document structure [1,2].
There are many useful applications for applying IE techniques such as books, scientific
research, web intelligence, and search engines. To automate the extraction of structured
information from the text documents, a set of patterns and rules need to be defined precisely. These patterns are determined based on the syntactic and semantic constraints
in the natural language [1]. Most of the published scientific papers and books on the
Internet are commonly available in Portable Document Format (PDF). Essentially, books
are published in two forms, which are printed books and electronic books. The proposed
work focuses on extracting information from PDF books that are known as one of the
electronic books’ formats. Besides, International Standard Book Number (ISBN) is used
as a book identifier by the publisher. The main problem is that extracting structured data
from unstructured data form is a challenging task that requires engaging the researchers
to achieve more enhancement and improvement. Although there are some proposed studies, the problem of extracting metadata remains hard and complicated, primarily due to
the huge diversity of the used layout and formatting style in PDF books. Moreover, it is
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difficult and not a direct task to access the targeted metadata of the PDF book as there
is no clear keyword or tag that indicates metadata information. Therefore, there is an
urgent need to develop an efficient approach to extracting information from PDF format
correctly [3-7].
The objective of this work is to develop a method for automatic metadata extraction
from PDF books to support the dramatic growing volume of books in PDF format. The
underlying motive is that the process of extracting and entering metadata manually is
time-consuming and the chance for errors is high, while automatic extracting and entering can speed up the process and grant accuracy. Moreover, it can perform the tasks of
searching, retrieving, and querying metadata faster and more efficiently than the traditional manual way. In addition, many publishers have increasingly provided their published
books through the Internet as PDFs since the high customer demands for this convent
form of books. Recently, most publishers are keen to add the International Standard
Book Number for electronic books (ISBN ebk) which indicates the popularity of using
the PDF book formats. This massive amount of PDF books requires a sufficient, reliable,
and accurate technique to enhance its usability. This research would help in meeting the
demand of different sectors such as e-library of universities that offer PDF books for their
researches, employees, and students. Also, it would assist in improving the performance
of archiving systems and online stores that are mainly concerned with distributing and
selling PDF books. To extract significant information from the PDF documents, we propose an automatic information extraction system that uses a PDFBox tool to convert the
PDF book to a raw text. This text will be used as input for the proposed system with the
aim of getting the book’s metadata information such as Title, Authors, ISBN, Publisher,
and Year of Publication. The existing information extraction solutions can be categorized
as machine learning-based, and rule-based. Since rule-based approaches are robust and
require less training [6], this paper presents a rule-based Information Extraction (IE) system from PDF books that were published by Wiley Publisher. The performance result
of the proposed system to extract the book metadata got an overall accuracy of 94.62%
for training and 90.27% for testing. The main contribution of this work is to implement
an efficient information extraction system that can retrieve the information from digital
PDF book sources accurately. In addition to adding a valuable contribution to those organizations that deal with PDF books documents such as electronic libraries, publishers,
and e-booksellers.
The rest of the paper is organized as the following. Section 2 presented the related work.
Section 3 introduced the proposed methodology. The experimental result is discussed in
Section 4, while, Section 5 highlights the future work and concludes the paper.
2. Literature Review. Many research works have been conducted about extracting
metadata from digital documents. Different techniques and approaches were implemented
and studied. In this section, we review the previous related literature for extracting
information from source documents that are stored in a PDF format.
Paper in [3] has described the application of machine learning and data science pipeline
as effective elements for structured information extraction from different papers and documents in metadata analysis. The method proposed to be able to extract data efficiently
involves a procedural methodology approach of pipeline stages that are mentioned as follows: document acquisition and essential filtering; the payload extraction; the recipe step
extraction that functions as an affiliation task in the process; the assembly of recipe and
finally the information retrieval that is based on QA functionality. The pipeline uses a
holistic document analysis where each step is essentially designed to pass on successive
defined metadata features to the next stage. This includes the utilization of machine
learning based extraction techniques applied to labeled as well as marked up corpora.
The results of the pipeline approach are that it shares metadata standards from stage to
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stage while providing a unified supporting framework for representations and algorithms
of all the stages that are driven by machine learning. The advantage is that this system
has incorporated information extraction into sequential and sub-sequential units which
allows for specification and extraction of desired material only. In [4], authors proposed
an information extraction system for the resumes in different types of files and diverse
formats. The authors applied two steps to extracting the main resume information. In
the first step, they used the raw text to determine the resume blocks. In the second step,
the authors used semi-structured files to identify the main facts in the resume blocks.
They started by extracting the raw text from the resume file by using Tika and they
applied preprocessing for the files to removing any visual format information such as remove images, watermarks. Moreover, the authors identify the composition of each line
in the file by using a multiple class to identify the label for each phrase such as date,
university name, department name by applying the Naive Bayes classifier. Also, they
created Writing Style features for each line that contain word index, punctuation index,
word lexical attribute, and the results of classifiers, and all of this information will be in
a semi-structure file that will be the input for the second step. In the second step, the
authors used Writing Style to identify the main items in the block. This paper improved
the accuracy of information extraction for resumes.
Authors in [5], focused on extracting information which is a relation extraction between two named entities from unstructured or semi-structured Wikipedia articles. The
proposed system utilized DeepDive which is a powerful system to extract the value from
a big amount of available data. DeepDive has been used to recognize the Name Entity
Recognition (NER) and feature extraction. In this research the experiment was applied
on 200 Wikipedia articles that have 113 articles containing spouse relationship and 87
articles without spouse relationship. Authors found that the proposed work extracts the
information efficiently from unstructured Wikipedia articles by using DeepDive. DeepDive got a good accuracy which is around 79%. Authors in [6], proposed an approach
to extracting the entities and their relation automatically from a PDF novel by using
information extraction techniques. The proposed work consists of two steps which are,
Name Entity Recognition (NER) that aims to extract and identify the entities from the
novel and relation extraction that aims to find and classify the relation between those
entities. These two processes utilized supervised machine learning and rule-based techniques. The proposed system identifies 5 types of entities but only person, organization
and location entity will be part of the relation, as well as the relations. Six relations
have been identified by the proposed system. In this research, the training data set is
collected from 6 fiction novels. SVM, decision tree, and Naı̈ve Bayes have been used to
find combinations of features that optimize the process. SVM got the highest average
evaluation score compared with others. Moreover, authors found that the proposed NER
model is more appropriate to detect fictional words compared with the Stanford NER
model that is appropriate to detect non-fiction sentences. In [7] the authors presented a
crucial benchmark that can be used in the metadata extraction process with a focus on
the PDF documents. The problem stated is that the PDF is essentially a layout-based
format that puts more emphasis on the fonts and the positioning of the individual characters other than focusing on the semantic aspects of the text, which is more important.
The proposed methodology involves TeX or PDF file parsing, identification of the logical
text blocks, and serializing the logical text blocks to files. Through a benchmark analysis
of the fourteen PDF extraction tools, they are still not performed inefficiently even including the authors’ own tool they call “icecite” that outperforms the other popular tools
investigated. They concluded that their tool was not perfect due to the rule-based approach. However, they propose that through their methodology for metadata extraction
and by basing on the learning-based approach it would essentially fix the open problems.
They claim that with the application of an effective logical block text isolation, then the
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extraction will become more efficient with the required data easily isolated. The authors
in [8], proposed a model to recognize the structure for the publication reports in PDF format for the Information Extraction (IE) system. They used PDFBox tools to extract the
raw text from PDF format, and used Stanford’s Named Entity Recognition to determine
publication metadata such as author, and affiliation. After that, they applied the rulebased multi-pass sieve algorithm to classifying the PDF text into five categories, which are
title, abstract, body text, etc. They found the proposed classification algorithm improved
the performance of the IE system, and it gets 92.6% accuracy, which is higher than the
machine learning classifier algorithm (logistic regression). Furthermore, the authors in [9]
addressed the inefficiencies and difficulties encountered in the extraction and collection
of metadata from existing literature and research papers. This is due to the challenging
and diverse layouts which mostly yield ineffective data while using various data extraction
software. The paper addresses this problem by recommending CERMINE, a complex and
diverse tool that is efficient in the auto-extraction of metadata. The method involves page
segmentation, metadata zone classification and reference parsing. The effective modular
architecture and arrangement of CERMINE have made it more flexible as well as easy
to adapt to diverse documents layouts in metadata extraction. Through its unique segmentation process, the software ability to obtain pages that have or contain characters
that have been grouped into various zones, words and lines provides a more readable
sequence that can be extracted in its entirety. A greater limitation of the methodology is
that it does not have a process path that allows for the extraction of structured full text
that contains the sections, subsections paragraphs and headers as part of the extraction.
Authors in [10], proposed a Table of Content (TOC) recognition approach for large scale
book documents with different TOC types and styles to recognize the three elements:
title, page number and level. The proposed method for recognition and extraction of
the TOC has three sub-tasks. The first sub-task is TOC detection, and it identifies the
place or location of the TOC. Authors found that the TOC usually appears within the
first 20 pages. The second sub-task is TOC parsing task that aims to parse the TOC
by using different rules based on the TOC style and the third sub-task is TOC linking.
The proposed method selects most suitable TOC parsing rules according to the table of
contents’ style. The proposed algorithm has been evaluated on two datasets that contain
PDF and OCRed books. Finally, the authors found that the proposed algorithm is more
outperformed compared with the two existing baselines on both datasets. The authors in
[11] have presented and proposed an efficient automatic metadata extraction method that
is specifically meant for the retrieval of the bibliographical information from the various
digital research papers and academic documents in PDF formats. The used method is
based on three important steps: first, extracting the font size and the text information by
using PDFBox software. Then, the rule-based method is used in the identification of the
titles of papers. Finally, the Hidden Markov Model (HMM) is applied for extracting the
authors and the titles. The research obtained is then sent to the digital libraries to obtain
the rest of the important metadata required. While using and basing the research on the
HMM one-state model, which is the proposed model for the research, the results indicated
a comparable performance with regard to the extraction of data but with a little more
improved performance when compared to the HMM multi-state model. In addition, its
advantage is that the system proves efficient in the extraction of bibliography data when
tested with different formats and samples of digital documents.
In [12] the authors proposed a framework to extract the metadata from the scientific
papers, which are title, authors, and abstract. The extraction system starts by using
crawler to search for a scientific paper on the Internet in PDF format, and it records the
URL of the paper and downloads this paper. After that, the system converted the PDF
format to text file and XML file, and then identified if this paper is a scientific paper or not.
If it is a scientific paper, then the metadata extraction will be extracted and stored in the
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database. The extraction process in this paper is based on visual and spatial knowledge
that people used while reading the document. At the end of the experiment, the authors
get higher accuracy during the extraction of the titles and abstracts more than authors,
according to difficulty for identifying the authors’ names from affiliations. In [14], authors
comprehensively presented the approaches for information extraction in the literature.
Among these approaches, rule-based approaches gained a lot of attention due to their
promising nature. For example, in [15] authors proposed a rule-based extraction method
for metadata extraction from published PDF articles. The target articles were mainly
focusing from a conference. Authors claimed an accuracy for above 70%. In [16-22],
similar approaches were used to extract information from text for sake of automated text
categorization/classification by means of extracting information from the unstructured
text. Other than rule-based approaches, data mining-based approaches have been used for
information extraction from structured and semi-structured data [23-25,31]. It is apparent
that the ultimate purpose of information extraction from unstructured, semi-structured
data is to provide a better way for knowledge representation [26]. So it can be efficiently
retrieved by means of well-known retrieval algorithms and query languages [27,28] from
the stored data in digital libraries [29,30]. It eventually contributes to equipping search
engines by means of better indexing and searching through the semantic web. As a
summary of the literature review and motivation behind the work, following points can
be listed.
1) Rule based methods are more promising in terms of metadata extraction.
2) Rule based methods have not been investigated for the PDF books.
3) Information extraction from PDF books has its own significance due to emergence
of digital libraries, indexing and efficient searching over the web.
4) A state-of-the-art rule-based metadata extraction method for PDF books is a need.
3. Research Methodology. For the experimental research, a dataset of collected books
from the specified domain was used and the PDFBox tool was employed to carry out the
experiment following the computational standards. Besides, a set of rules was defined to
extract the metadata (Title, Authors, ISBN, Publishers, and Year of Publication) from
the PDF books automatically. As far as the computational complexity is concerned, it is
linear with respect to the number of fields being extracted O(n), where n is number of
fields.
3.1. Description of dataset. In this work, a dataset of collected books was used to carry
out the experimental result. The dataset consists of 25 books about different computer
science topics that were published by Wiley Publisher. The entire dataset was obtained
for the examination where 80% of the dataset was used for training and 20% used for
testing.
3.2. Converting PDF to text using PDFBox tool. The Apache PDFBox is an opensource library based on the Java language. It provides the utilities to create, convert, and
manipulate PDF documents. Also, it can extract text from PDF documents efficiently.
In this study, the PDFBox tool was applied to extracting the raw text from PDF book
content.
3.3. Books’ metadata extraction model. This section discusses the proposed model
to extract the metadata from PDF books. The proposed model provides a solution to
extract books’ metadata automatically by using Information Extraction technology (IE).
Detecting a book’s metadata requires two stages. The first stage is working on converting
the book from PDF to text format by using the PDFBox tool as shown in Figure 3. Then,
the proposed model will extract the metadata for the book based on the proposed rules
as illustrated in Figure 1.
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Figure 1. Books’ metadata extraction stages
Extracting books metadata (Title, Authors, ISBN, Publisher Name, Year of Publication) from a PDF book needs to consider several constraints; for instance, the book’s
structure may differ from one to another since it depends on publisher writing styles.
This research focuses on Wiley publisher which has special characteristics compared to
other publishers as follows:
• All books are starting with a book cover which is an image and it has been ignored.
• Some of the book information (such as Title, Year of Publication, Publisher Name,
ISBN) appear in the copyright page as shown in Figure 2.

Figure 2. Copyright page from PDF book
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Figure 3. Extracted raw text from copyright page using PDFBox tool
• The copyright page appears in different places in each PDF book.
• There is no specified page for the authors’ names. Authors’ names appear once or
twice in the first 4 pages under the book title.
• Some authors’ names are written across multi lines while others are listed in one
line.
• Some authors’ names have the prefix such as “by”.
• An ISBN appears on the copyright page, but each book has different kinds of ISBNs.
Some of the books have only one ISBN, and some books have two like ISBN 10 and
13.
3.3.1. Title extraction. To get the title from PDF book, a rule was built to match the
book’s title (Table 1). It has been noted that the book title always appears on the
copyright page, where the title is the first line on the page followed by “Published by”.
The rule states that the text at the beginning of the page and before the “Published by”
will be retrieved as the title of the book. To recognize the beginning of the page, it has
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Table 1. Sample rules
#

Field

1

Title

2

Publishing year
and publisher name

3

ISBN

4

ISBN 10

5

ISBN 13

6

Electronic ISBN

7

Print ISBN

8

Authors’ names

Rule

been noted that the beginning of the current page follows the page number of the previous
page.
3.3.2. Published year and publisher name extraction. The publisher’s information often
appears on the copyright page. To identify this page, it needs to find out the specific
word that distinguishes the publisher’s information section which is “Copyright c ”. A
simple way to extract the published year and publisher name is by finding the keyword
“Copyright c ” in the first 20 pages of the book. This keyword followed by 4 numbers
that indicate year of publication, and the publisher name will appear after “by” as shown
in Table 1.
3.3.3. ISBN extraction. An ISBN is used as a book identifier by the publisher, universities,
libraries, and booksellers for the purpose of listing, ordering, and other uses. Various types
of ISBN have been considered in this approach, which they commonly consist of many
numbers separated by dash. Each part of the ISBN has its embedded meaning [13]. It
has been noted that the book’s ISBN number appears on the copyright page. The book
usually contains one or more ISBNs that match the pattern. Mainly they are five types
of ISBN like for e-Book (contains keyword ebk), and print book (contains keyword pbk)
given in Table 1.
3.3.4. Authors extraction. Due to the lack of a unified style for the author’s name, some
difficulties were encountered during the author’s name extraction process. It has been
noted that the authors’ names appear under the title in the first three pages. Unfortunately, the title that comes before the authors’ names is in the form of a picture not text,
so it was difficult to build a rule that reached the authors’ names through the title. To
solve this problem, the rule was built to match the author’s name (Table 1). To extract
the authors’ names, the keyword “by” is used to identify the authors’ names, because in
most books’ cases the keyword “by” appears before the authors’ names. Also, rule was
built to exclude the word Wiley and any words start with small letters with the aim of
matching the names that start with capital letters.
4. Results and Discussion. The experimental result demonstrated that the implemented model in this study was able to automatically extract the metadata from the
PDF books successfully with an overall accuracy of 94.62% for training and 90.27% for
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testing as shown in Table 2. The original metadata was extracted manually and stored in
an Excel file, while the output result of the implemented model is illustrated in Figure 4.
As it is observed from Table 2, the majority of the extracted metadata achieved high performance in terms of accuracy in both phases of training and testing. The accuracy was
calculated as ratio of correctly extracted characters to total characters. However, some
metadata obtained lower accuracy regarding different reasons related to the input books’
format. Conceding the ISBN, it is clear that the test accuracy has decreased to 97.10%,
due to the new ISBN format that is followed in the new edition by Wiley Publisher in
one of the testing samples. In this case, the tested book’s ISBN consists of five parts
while the applied format in this work consists of four parts. At the same time, ISBN 13
obtained 80% during the testing phase as a result of miss typing in the ISBN 13 format
of the input book, since an expected single (-) typed as double (- -). On the other hand,
the performance of extracting the author was low by comparing with other metadata.
The achieved accuracy during training and testing was 51.57% and 35.37% respectively.
The reason behind that is the defined rules in this study works on extracting the authors’
names that are followed the word “by”. Therefore, the authors’ names that were written
differently were not extracted correctly. Moreover, the applied pattern in the proposed
work extracts the authors’ names that are clearly written within a single line, not across
multi-lines.
Table 2. Accuracy of extracting the metadata
Accuracy
Training Testing
Title
100%
100%
Publisher
100%
100%
Published year
100%
100%
ISBN
100%
97.10%
ISBN10
100%
100%
ISBN13
100%
80%
ISBN (pbk)
100%
100%
ISBN (ebk)
100%
100%
Authors
51.57%
35.37%
Overall
94.62%
90.27%
Section

Figure 4. Output result of training and testing phases
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Moreover, a comparison between the proposed approach and earlier published approaches is presented in Table 3 from the perspective of document type, proposed technique, and
the information to be extracted. As it is clear from Table 3 below, there is a lake of the
published works that focused on extracting the metadata from PDF books. Furthermore,
the majority of the proposed techniques for extracting the metadata from PDF sources
were rule-based, machine learning, or a combination of both.
Table 3. Qualitative comparison
Reference Document type Proposed technique Information to be extracted
PDF scientiﬁc lit- Semi-supervised machine Payload extraction, step extrac[3]
erature papers
learning and data science tion, and recipe extraction
Basic information (Name, Email,
Heuristic rules based
Other basic information, SelfResume in diﬀerent
[4]
with free text extraction
evaluation), Work experience, Etypes of ﬁles
method
ducation information
Rule-based and machine Extracting the entities and their
[6]
PDF novels
learning techniques
relation
Title, Abstract, Body text, SemiRule-based multi-pass
Structured (Figure, Table), MetaPDF publication
[8]
sieve approach for classidata (Header, Footer, Keyword,
reports
ﬁcation
Author, Journal, Reference)
Title, Author, Aﬃliations, Email
Supervised and unsuperPDF scientiﬁc litaddresses, Abstract, Keywords,
[9]
vised machine learning
erature papers
Journal, Volume, Issue, Pages,
techniques
Year, DOI, and References.
Extracting three elements from
[10]
PDF books
Rule-based
the table of content: section number, title, and page number
PDF academic
Rule-based and Hidden
[11]
Titles and Authors
documents
Markov Model (HMM)
PDF scientiﬁc pa[12]
Rule-based
Title, Authors, Abstract
pers
Proposed PDF books (Wiley
Title, Authors, ISBN, Publishers,
Rule-based
and Year of publication
approach Publishers)

5. Conclusions. In this paper, the problem of information extraction from PDF sources
has been addressed. A rule-based approach has been proposed for extracting the information from electronic books in PDF format automatically. The proposed approach proved
its capability of extracting the metadata information like Title, Authors, ISBN, Publishers, and Year of Publication from PDF books efficiently. The performance of the proposed
method in this work showed an overall accuracy of 94.62% for training and 90.27% for
testing. However, the performance of extracting the author still needs to be improved
for more improvement. For future work, more investigation can be done to enhance the
accuracy of extracting the author’s name and other data like table of contents. Also, the
research work can be expanded to cover more PDF books from different publishers.
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