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ABSTRACT  

IPFJRO is an image processing-based ontology develop specifically for an ontology-based keywords search 
system. Ontology ease the human computer communication by presenting the concept or information in a 
way that can be understand by both machine and human without any misunderstanding. At the same time, it 
allows the information reuse across different applications. However, despite its advantages, development of 
an ontology is still a lengthy and complicated process. Hence, not every domain has its own complete 
ontology developed and ready to use. In this study, we had developed a domain ontology. We had select 
Image Processing as the domain of our ontology. This ontology was based on the terminologies from research 
articles and image processing text book. The development of this ontology followed the guidelines in 
Ontology Development 101. We used Protégé as the development tool. This study focused on the 
methodology, design and development of the ontology. There’s a total of 63 classes and 831 individuals in 
IPFJRO.  
Keywords: Ontology, Ontology development, Knowledge Representation, Image Processing, Query 

1. INTRODUCTION 
 
Image processing is a method of processing 

selected images based on mathematical 
operations by using any form of signal processing 
[1]. It is a huge research area where a new 
researcher will be overwhelmed by it if they do 
not possess the minimum amount of the basic 
domain knowledge. To discover any information, 
they needed, most of the user will depends on the 
search engines due to the huge amount of 
information available on the internet and the easy 
access to the said information. However, when the 
user does not have the appropriate keywords for 
their search session, their effort may be fruitless. 
Vocabulary mismatch is one of the most common 
problem exists especially in search engines 
especially when dealing with a specific technical 
domain [2]. This problem arises when an item or 
a situation was described using different terms by 
different users. This situation is often encounter 
by the novice user.  

 
To encounter the problem of the vocabulary 

mismatched, controlled vocabularies are needed 
[3, 4]. To resolve this problem, ontology has been 
developed. Ontology is a collection of formal, 
machine-process-able and human interpretable 
representation of the entities, and the relations 
among those entities, within a defined application 
domain [5] . The development of the ontology 
allows the users to “speak the same language”, 

thus they can connect freely despite the 
ambiguous used terms [6]. Moreover, ontology 
also able to unite the disparate data from different 
sources [7]. With the implementation of the 
ontology, the users not only able to communicate 
with the machine precisely, they are also able to 
reuse the data effortlessly. Due to the nature of the 
ontology that able to communicate despite the 
ambiguous term, ontology can perform well in a 
domain specific application. In addition to that, in 
a field such as image processing that has huge 
branches in their research area, standardising the 
terms and area exist would hugely improve the 
learning curve of a new researcher or students. 

 
While there are several ontologies available 

online, based on our findings, none of it is image 
processing based. With the motivation to 
contribute in the knowledge sharing and reuse in 
image processing, we had proposed an ontology 
model to model the image processing knowledge 
area.  

There are 3 main challenges that we 
identified in this ontology development.  
(1) To design a reusable framework that can be 

applied easily by other related fields.  
(2) To develop an ontology that can cover most 

of the topic in the selected domain.  
(3) To develop a domain ontology that can be 

reuse in different situations or applications.  
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1.1 Research Objectives 

This study focused on connecting the gap 
between different Image Processing topics and 
create a clear connection between each topic. To 
achieve this objective, we had developed a 
domain ontology based on image processing 
(IPFJRO). This ontology was established based 
on 3 different elements, “Class”, “Individuals” 
and “Relationship”. The classes represent 
different research field in the image processing 
and their general methods while the individuals 
represent applicable area, algorithm and other 
related information for every classes.  

 
The rest of the study will be structured as 

below: (2) The discussion of the past literature of 
ontology development. (3) Discussed the tools 
used for ontology development. (4) Showcase the 
ontology development design. (5) Display the 
methodology for the ontology development. (6) 
Discuss the result of the ontology development 
and (7) Summary and future work.  
  
2. ONTOLOGY 

 
Ontology is commonly used in the semantic 

web and bioinformatics. One of the reasons for the 
ontology development is the ability of sharing 
knowledge. Developing ontology is a lengthy and 
iterative process. However, a well build ontology 
associate terms with the concepts and relations in 
the ontology and devise syntax for encoding 
knowledge in terms of the concepts and relations 
[8]. It clarified the structure of the knowledge 
exist within the domain and present them in a 
structured way. This allows the knowledge to be 
shared within those who have similar needs in that 
domain. Another reason for building ontology is 
their ability to be reused by different situation. 
This is because of the flexibility of the data 
structure that can be adapt and changed without 
much difficulties [9].  

 
Ontology often applied in the biomedical 

application and semantic web due to its ability to 
provide a controlled vocabulary and ability for 
knowledge sharing. In a biomedical field, Gene 
ontology can be considered as one of the most 
significant ontology development project. The 
main purpose of creating this ontology is to create 
well-structured, controlled, dynamic vocabularies 
that can be applied across several domains in 
molecular and cellular biology [15].  Creation of 
the gene ontology is based on these three 
organism database: FlyBase [16], Mouse Genome 

Informatics (MGI) [17] and the Saccharomyces 
Genome Database (SGD) [18]. Wordnet ontology 
is a well-known common and biggest open-source 
ontology that focus on semantic relationship 
between words [19].  

 
The ability to exchange knowledge within 

different domains or applications is one of the 
most important features for an ontology, thus, 
there are 3 impotent aspect that need to be 
satisfied. First, ontology must be highly intuitive 
to the user. Second, ontology must have a well-
defined formal semantics with established 
reasoning properties in terms of completeness, 
correctness, and efficiency. Last, the ontology 
must be able to create a proper linkage with the 
existing web language such as XML and RDF to 
ensure its interoperability [10] 

 
There is not only one way to develop 

ontology [11]. Several ontology development 
methods had been proposed over the years such as 
Ontology Development 101 [12], and 
Methondology [13].  However, no matter what the 
ontology development method is, it should 
contain these elements [14]: 

(1) Classes that represent the concept. These 
classes should be arranged in a hierarchy of 
superclass and subclass.   

(2) Relations between each concept.  
(3) Attribute that will describe the features 

of the concepts.   
(4) Formal axioms to model the sentences 

that are always true.  
(5) Function that represent the special case 

of the relation.  
(6) Instances that represent the elements or 

individuals in the ontology.  
 

 
3. TOOLS: PROTÉGÉ 

 
 In this study, Protégé has been selected 
as the development tools for the ontology. It is a 
free, open source ontology editor and a 
framework to build the ontology. Protégé was 
developed by Stanford Centre for Biomedical 
Informatics Research at the Stanford University 
School of Medicine [20].  Protégé is supported by 
a strong community of academician and corporate 
users with frequent update and support for 
reasoning tools, which is one of the reasons 
Protégé has been selected as the development 
tools for the ontology. Another reason for us to 
select Protégé as the development tools is due to 
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its full support of the OWL2 Web Ontology 
Language and RDF specification from the World 

Wide Web Consortium. Figure 1 shows the 
interface of Protégé. 

 

 
Figure 1  Protégé Interface 

 
 
4. ONTOLOGY DESIGN 

 
 Given that our ontology is a task-based 
ontology, hence the design of the proposed 
ontology will revolve around the designated task. 
The major concern while developing this 
ontology is how it can provide the most suitable 
answer for its given question. Therefore, to fit the 
motive of our ontology, we’ve decided that, the 
development of this ontology based on the 
terminology that are commonly found in a 
research field will be most suitable for our cause.  
 
 The ontology framework can be 
categorised into 3 major sections: the main 

category which is the selected domain and 
categorisation. This will become the superclass of 
the ontology. The next section is the subclass that 
based on research fields in image processing. In 
this section, classes can be categorised based on 
their attributes such as the process or methods of 
every parent class. This section can be designed 
according to the understanding of the ontology 
developer and how it suits the usage of the 
ontology or it’s applications.  The last section is 
the related information such as the application 
area, algorithm or related field of the selected sub 
categories that will become the instances. The 
framework of the designed ontology is shown in 
Figure 2 below.  
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Figure 2 IPFJRO framework

5. METHODOLOGY 
 

The development of the ontology is 
based on the Ontology 101 guideline [12] and it 
was created in OWL2 with RDF schema. There 
are 2 major process in our ontology development. 
(1) Knowledge acquisition. (2) Formalised the 
ontology based on our design.  These processes 
can be implemented based on the Ontology 101 
guideline.  
 

According on the guideline, the ontology 
development can be categorised into 7 different 
steps:  

(1) Determine the scope and domain of 
the ontology. 

  The main purpose of this ontology is to 
support an ontology-based keyword search 
system that will improve keywords selection in 
the information seeking process for research and 
journal paper. Hence, this ontology should be able 
to provide keywords suggestion based on the 
selected domain. The ontology will also provide 
the users knowledge that needed to answer the 
question given by the junior researcher. The 
ontology also required to provide a clear view of 
the relationship between different image 
processing techniques and topics.  

 
 (2) Consider reusing the existing 
ontologies.  

After the determination of the scope and 
domain of the ontology, the possibility of reusing 
other ontology should be considered as one of the 
options. Since, building ontology from stretch is a 

long and exhausting process where it requires a lot 
of time and manpower to build one. Hence, by 
reusing the ontology will help to reduce a lot of 
time and effort in the research. The reusability of 
an ontology has been determined by the structured 
of the ontology, their architecture and the scope of 
the ontology. However, based on our searching 
effort, at least within our knowledge, there’s no 
suitable domain ontology that can be applied into 
our designed ontology. 
 

(3) Create a list of important terms of the 
selected domain. 
 One of the major steps in developing 
IPFJRO is the selection of a list of important terms. 
These terms will be selected as the classes of the 
ontology which will affect the entire architecture 
of the ontology. This process was carried out 
simultaneously with step 4 which is the 
development of the class hierarchy.  

 
After determining the most important 

terms, we’ve started the process of selecting the 
terms, which are the algorithm, related field and 
applicable area of each important term.  Journal 
articles and research papers are the main sources 
for selecting the important terms in our ontology. 
Articles or papers will be search based on the 
predetermined terms. The method for the terms 
collection in this study has been referred to the 
term selection methods in the corpus dependent 
knowledge model in query expansion. If the terms 
belong to the same article, then it will be assumed 
that these terms belong in the same category.   
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Every terminology has been categorised 
based on research papers and these research 
papers were selected according to the keywords 
provide in it. If the important terms are part of the 
keywords in the research paper, it will be assumed 
the rest of the keywords provided in that research 
paper can be categorised together.   

 
 The collections of the terms are based on 
the keywords from the selected research papers. 
For the building of this ontology, around 250 
journals and conference papers has been collected. 
To make sure the basic knowledge of image 
processing was covered, to the glossaries in the 
book “Digital Image Processing” has been used as 
additional material [1]. These terms will be 
categorised accordingly based on our classes.  
 
(4) Define the classes and the classes hierarchy.  

A set of terms will first be determined as 
the framework of the ontology. These terms will 
eventually become the classes of our proposed 
ontology. To fulfil the purpose of the ontology 
development, we had design a class hierarchy that 
are able to connect different area of image 
processing together. These classes are based on 
different type of image processing and their 
research field. Moreover, these classes will 
become the guideline for collecting the terms that 
will make up our ontology. The selection of these 
terms were referred from the “Digital Image 
Processing” by Gonzalez and Woods [1]. In the 
original guideline of Ontology 101, the important 
terms will have to be created before defining the 
classes and classes hierarchy. However, in this 
study we felt that creating a list of important terms 
and define the classes and its hierarchy is equally 
important. Hence, should be carried out 
simultaneously without a clear definition of which 
process come first. Figure 3 shows the example of 
the classes in IPFJRO.  

 
Figure 3  IPFJRO Class example.  

 (5) Define the properties of the classes.  
At this stage, relationship between each 

class in the ontology will be defined. The 
relationships between the classes are defined 
based on the connection between the classes and 
subclasses. Such as, if the technique can be 
categorised into several types of process, or the 
different type of techniques that can be applied to 
certain types of the images. In general, the first 
tier can be considered as the general type of the 
domain knowledge. It will then be categorised 
further based on the process of each classes. These 
classes will then have a series of child classes 
based on their respective methods.  Table 1 shows 
the example of the relationship between classes in 
the image processing ontology while Figure 4 
shows the view of the properties in Protégé.  

 

 

Figure 4 IPFJRO Relationship 
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Superclass  Subclass  Relationship  Remarks 

Digital Image 
Processing 

Binary Image 
Processing 

HasImageType Digital Image 
Processing has 
different image 
format. 

Colour Image 
Processing 
Wavelet-based Image 
Processing 
Grayscale Image 
Processing 

Image Representation Spatial Domain HasDomain Image Representation 
has 2 different 
domains. 

Frequency Domain 

Spatial Domain Convolution HasFilteringType Convolution and 
Correlation are 
filtering techniques of 
Spatial Domain. 

Correlation 

Frequency Domain Discrete Fourier 
Transform 

hasTechnique Frequency Domain 
has 6 different 
techniques. Discrete Cosine 

Transform 
Walsh function 
Hadamard Transform 
Slant Transform 
Karhunen Loeve 
Transform 

Grayscale Image 
Processing 

Enhancement HasProcess Grayscale Image 
Processing and 
Colour Image 
Processing have 5 
different processes. 

Colour Image 
Processing 

Restoration 
Compression 
Object Recognition 
Segmentation 

Table 1 Example of relationship in IPFJRO

 (6) Define the facets of the slots.  
 In our ontology, the only facets we’ve 
included is the definition for the classes. Table 2 
shows part of the top tier class’s definitions that 
has been decided in the domain ontology and 
these definitions will be included as the facets of 
the ontology for future use.  
 

Table 2 Example of definition for top tier classes 

Class Definition 
Frequency 
Domain 

-Image value at image 
position F represents the 
amount that the intensity 
values in image is vary over 
a specific distance related to 
F. 
-Changes in image position 
correspond to changes in the 
spatial frequency. 

-Explicit periodic 
relationships in the spatial 
domain. 

Binary image 
processing 

-Only two possible values 
for each pixel. 
-Typically, black and white 
though any two colours can 
be used. 
-Bi-tonal, bi-level, two-
level, monochrome, 
monochromatic, Bitmap. 
-Pixel is stored as a single 
bit. 
-Result of certain operations 
such as segmentation, 
thresholding, and dithering. 

Enhancement -Improving the quality of a 
digitally stored image. 
-Process of adjusting digital 
images. 
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-Manipulating the image 
with software. 
-Results are suitable for 
display or further image 
analysis. 

Image 
Restoration 

-Taking a corrupt/noisy 
image and estimating the 
clean, original image. 
-Motion blur, noise and 
camera mis-focus. 
-Reverse the process that 
blurred the image 
-Point Spread Function 
(PSF). 
Reduce noise and recover 
resolution loss. 

 
(7) Create individuals for every classes. 

In the last step of the ontology creation, 
important terms that have been collected in step 3 
will be categorised based on the classes that had 
been defined in step 4. All the categorised terms 
will be considered as the individuals for their 
respective classes. These individuals will act as 
the extended knowledge of the classes. Figure 5 
shows part of the individuals for “Binary Image 
Processing” in Protégé.   

 

 
Figure 5 Individuals for Binary Image Processing 

(8) Verification  
The last part of the ontology 

development is the verification of the ontology for 
their consistency and inconsistency. This process 
is not included in the original guideline of 
Ontology Development 101. However, we’ve felt 
that it is appropriate to evaluate and verify the 
developed ontology is without contradiction. A 
reasoner is a program that deduces the logical 
consequences from a set of explicitly asserted 

facts or axioms and usually provides support for 
reasoning task such as classification, debugging 
and querying [21]. Hence the reasoner can verify 
if there are any logical contradiction exist in the 
ontology.  

To verify the ontology, we had used the 
FaCT++ reasoner.  FaCT++ is a reasoner that 
implements the tableaux decision procedure. It is 
able to validate any inconsistence classes during 
the development of the ontology.  It incorporates 
several performances enhancing optimisation 
such as absorption, model merging, ordering 
heuristics and taxonomic classification. Hence, 
could eliminate any contradiction exist in our 
ontology. Based on the implementation of 
FaCT++ onto the developed ontology, there isn’t 
any contradiction exists.  

Figure 6 shows that there are no 
indications of any inconsistency of the classes in 
the ontology.  

 

 
Figure 6 FaCT++ Reasoner 

 
6. RESULT 

 
 The development of the ontology is a 
process of developing an ontology that will unify 
the research field and the related terms in image 
processing domain. The ontology was developed 
based on controlled vocabularies, terminologies 
and “Digital Image Processing” textbook. In this 
study, we’re able to create a total of 63 classes and 
831 individuals in IPFJRO.  
 
 The categorization of the classes was 
according to the level of detail into the image 
processing research level. In other words, the 
superclass of IPFJRO start with Image Processing 
and then go into different sub categories of image 
processing fields. More than 800 controlled 
terminologies have been chosen as the sources of 
IPFJRO. These terminologies have been 
categories based on their connection to the 
defined classes. These concepts exist in IPFJRO 



Journal of Theoretical and Applied Information Technology 
15th May 2018. Vol.96. No 09 

  © 2005 – ongoing  JATIT & LLS   

 

ISSN: 1992-8645                                                         www.jatit.org                                                        E-ISSN: 1817-3195  

 
2612 

 

was defined manually. The core top-level of 
IPFJRO is the important concept in image 
processing.  
 

The superclass of the ontology is the 
main keywords of the selected domain. For 
example, in this study, the main keyword of our 
selected domain is Image Processing. It will then 
be categorised based on the categorisation of the 
domain type. These categorisations will be the 
first layer of the ontology classes.  The first 
categorisation of IPFJRO are based on the 
different type of the image processing.  

 
After the first tier of the categorisation, 

classes will then be categorised again based on 
different process carried out on each domain type. 
The subclasses of IPFJRO consist 63 different 
classes. Every subclass will be categorised into 
more subclasses based on different type of 
categorisation. For example, “Wavelet Image 
Processing” has two different processes, 
“Compression” and “De-noising”. These 
processes will become the child class of “Wavelet 
Image Processing”.  The last tier of the main 
structure of the ontology is the methods of each 
process.  In this tier, different methods applicable 
to each process will be selected as the classes. 
“Deterministic” is one of the method for 
“Restoration”. Hence, it has become one of the 
child class of “Restoration”.  

 
In every classes, it consists of 2 different 

attribute, names and concept definition. Names of 
the classes shows the clear naming of their 
respective classes. On the other hand, concept 

definition displayed a clear definition of each 
classes, and a short introduction about the classes.  

 
The individuals of the image processing 

type were a series of algorithm, related field and 
applicable area of each research field. The terms 
for that will be consider as the individuals were 
collected from a series of research articles and 
image processing textbooks. Part of our 
developed ontology is shown in Figure 6.  

 
  Due to the time constrain this is only a 
small fraction of what could be included in this 
ontology. The terminology of the ontology can be 
broadened significantly. Moreover, the 
development of the ontology is a huge and lengthy 
process, the knowledge in our domain are mostly 
mastered in different group of researchers. Hence, 
the process of knowledge acquisition can be 
handle by different research groups. Figure 7 has 
shown the visualisation of our image processing 
ontology.   
 
 Aforementioned, development of an 
ontology is a lengthy and iterative process. Hence, 
not every domain has their own specific domain 
ontology. Based on our knowledge, there is not 
any Image Processing domain ontology available 
right now. While every ontology development 
largely depends on the author view on the said 
subject, the development of IPFJRO shows one 
way of how a domain-based ontology can be 
developed when it is largely based on academic 
materials and provided an opportunity for 
knowledge reuse in the future.  

 

 

Figure 7 IPFJRO Ontology Architecture 
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Figure 8 Radical view of IPFJRO 

7. SUMMARY AND FUTURE WORK  
 

 The objective of developing this image 
processing ontology is to provide an overview in 
image processing topics and provide a better 
understanding about the relationship between 
each concept. Our developed IPFJRO consists of 
800+ terminologies covering part of the image 
processing glossary. The developed ontology 
provides a library of terminologies that allows the 
user to explore the relationship between each term. 
Moreover, it can be integrated in different systems 
or area such as knowledge management system or 
recommendation system. Hence, encourage the 
knowledge reuse. While the ontology proved a 
draft overview of the image processing research 
field, it can be improved by improving the 
terminologies in the ontology, expand the 
ontology to have a better coverage in image 
processing and lastly collaboration with several 
experts to ensure it covers every expect of image 
processing.  
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