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ABSTRACT

Automated information extraction of 2D CAD engineering drawing ensures
more accurate extracted information of product manufacturing requirements.
However, an occurring problem from the automation process is the existence of
heterogeneous terms in the engineering drawing. The problem can be solved by
formalizing the knowledge in this domain. Therefore, a dynamic ontology called the
Product Structure Ontology (PSO) has been developed. The process of developing
the PSO is extended from Noy and McGuiness’s methodology. It consist of nine
steps; determining ontology domain and scope, considering ontology reuse,
enumerating important terms, defining classes and class hierarchies, creating
instances of classes, designing anatomy and database schema, creating an evidence
code, creating an annotation and developing the PSO artifacts. With the aim of
enabling the PSO to be reused and extended, the PSO artifacts such as website,
browser, database and documentations have been shared on the World Wide Web
(WWW). In order to test the applicability and usage of the PSO in digital engineering
drawing extraction, Semantic Ontology-based Searching Algorithm (SOBSA) has
been developed. The SOBSA entails the use of PSO to overcome the limitation of
keyword-based search by using information content approach and considering the
three types of ontology relationships; subsumption, meronymy and association. The
performance of SOBSA has been tested by using real digital engineering drawing
and evaluated by using the standard information retrieval measures which are
precision, recall and F1. The experimental evaluation demonstrates that the query
search SOBSA improves the accuracy of the query retrieval results compared to
conventional method. Besides that, the performance of SOBSA also depends on the

type of relationship used and the completeness of the knowledge base.
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ABSTRAK

Pengekstrakan maklumat daripada lukisan kejuruteraan 2D CAD secara
automatik dapat menjamin maklumat yang diekstrak lebih tepat untuk keperluan
pembuatan produk. Namun, masalah yang timbul daripada proses automasi ini ialah
wujudnya kepelbagaian istilah di dalam lukisan kejuruteraan. lanya boleh
diselesaikan dengan memformalkan pengetahuan yang terdapat di dalam bidang ini.
Oleh itu, satu ontologi dinamik yang dinamakan Ontologi Struktur Produk (PSO)
telah dibangunkan. Proses membangunkan PSO dibuat dengan menggunakan
metodologi Noy dan McGuiness yang telah ditambahbaik. Methodologi ini
mempunyai sembilan langkah; menentukan bidang ontologi dan ruang lingkupnya,
mempertimbangkan penggunaan semula ontologi, menyenaraikan satu per satu
istilah-istilah penting, mentakrifkan kelas-kelas dan hirarkinya, mewujudkan contoh-
contoh kelas, mereka bentuk anatomi dan skema pangkalan data, mencipta satu kod
bukti, mewujudkan anotasi dan membangunkan sumber-sumber PSO. Untuk
membolehkan PSO digunakan semula dan diperkembangkan, satu rangka kerja
pembangunan PSO berserta artifaknya seperti laman web, pelayar internet,
pangkalan data dan dokumentasi telah dibangunkan dan diterbitkan supaya ianya
boleh dikongsi di dalam Jaringan Sejagat Sedunia (WWW). Untuk menguji
kebolehgunaan PSO yang dibangunkan dalam pengekstrakan lukisan kejuruteraan,
satu Algoritma Pencarian Berasaskan Ontologi (SOBSA) telah dibangunkan. SOBSA
melibatkan penggunaan ontologi untuk mengatasi kekurangan pencarian berasaskan
kata kunci dengan menggunakan pendekatan kandungan maklumat dan
mempertimbangkan tiga jenis hubungan ontologi iaitu pengkelasan, hubungan
bahagian kepada keseluruhan dan perkaitan. Prestasi SOBSA telah diuji
menggunakan lukisan kejuruteraan berdigital yang diambil daripada sampel sebenar
dan dinilai ketepatannya menggunakan ukuran seperti ketepatan, dapatan semula
dan F1. Penilaian ujikaji menunjukkan bahawa hasil yang diperolehi bagi pertanyaan
menggunakan SOBSA adalah lebih tepat berbanding dengan kaedah semasa. Selain
itu, prestasi SOBSA juga bergantung kepada jenis hubungan yang digunakan dan
kesempurnaan pangkalan pengetahuannya.
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CHAPTER 1

INTRODUCTION

1.1 Background

Product structure provides important information that has become a part of
product manufacturing requirements in a real manufacturing field. Product structure
is a hierarchical classification of items that form a product, and also shows the
product complexity. It illustrates the material, components, parts, sub-assemblies
and other items in a hierarchical structure that represents the grouping of items on an
assembly drawing or the grouping of items that come together at a stage in the
manufacturing process. With product structure, the understanding of the components
which compose a product as well as their attributes can be represented. Product
structure is normally presented on a Bill-of-Material (BOM) or a parts list or a
variant specification. A BOM is a formally structured list for an object (semi-
finished or finished product) which lists all the component parts of the object with
the name, reference number, quantity and unit of measure of each component in any
product instance that may be manufactured. The engineering BOM normally lists
items according to their relationships with parent product as represented on assembly
drawings. This study attempts to formalize knowledge related to product structure in

engineering manufacturing area.



Knowledge is often held as free text and a set of vocabulary definitions that
capture a community’s knowledge of a domain. Ontology is now in widespread use
as a means of formalizing domain knowledge. In manufacturing domain, there has
been several works that used ontology to formalize knowledge of manufacturing
requirements especially those which involve product structure. For example, Product
Ontology (PRONTO: Vegetti et al., 2005) defines concept, relation among them and
axioms to be applied in the complex product modeling domain. It is primarily
related with complex product structure which involves associated hybrid structures
(combining composition and decomposition types of operation) to end product like in
some food (milk and meat) and petrochemical industries. A study which engages
ontology in order to represent product has also been done by Lee et al. (2006). The
study reports the effort to build an operational product ontology system for
government procurement services which is designed to serve as a product ontology
knowledge base. Thevenot et al. (2006) presents their approach to retrieve and reuse
relevant information when redesigning product. They used heuristics and shared
ontological component information and proposed a framework to capture, store,
retrieve, reuse and represent information for product family redesign using ontology,
graph query, formal concept analysis, commonality assessment and genetic
algorithm-based optimizer. As a reference to utilize ontology in manufacturing field,
Manufacturing’s Semantic Ontology (MASON: Lemaignan et al., 2006) aimed to
draft a common semantic net in this domain. Their paper discusses the use of
ontology for data formalization and sharing, and also shows how adequate ontologies
are especially in manufacturing environment. Meanwhile, an innovative ontology-
based approach called Ontological Filtering System (OFS: Lepratti, 2006) proposes
to formalize natural language contents in a systematic way. They present a concept
for improving the human-machine interaction by means of an innovative procedure

for the processing of natural language instruction.

Ontology is famous as means of formalizing domain knowledge. One of the
most important roles of ontology is that it provides a vocabulary of terms and some
specification of their meaning. This includes definitions and an indication of how
concepts are inter-related which collectively impose a structure on the domain and

constrain the possible interpretations of terms. The following sections in this chapter



discuss the motivation and challenges involved in formalizing knowledge. Then, the

current methods in formalizing knowledge will be presented. This is followed by the

problem to be solved in this study. The next section will describe the aim of this

research as well as the summary of the research objectives. Further in this chapter,

the scope of this study will be presented and finally the overview of the organization

of this thesis will be illustrated.

1.2 Current Methods in Formalizing Knowledge

Generally, there are three basic groups of methods to formalize knowledge:

(1)

(i)

Formal Concept Analysis (FCA) is a theory of concept formation and
conceptual classification. It is based on the mathematical order theory
and the theory of complete lattices (Ganter and Wille, 1999; Wille,
1992). Several researchers have further elaborated FCA in different
domains like geographical domain (Kavouras and Kokla, 2002),
medicine domain (Spangenberg and Wolff, 1999), biology domain
(Ganter and Wille 1989), sociology domain (Ganter and Wille 1989)
and information and computer science (Priss, 1999; Deogun et al.,
1998; Faid et al., 1997; Schmitt and Saake, 1997; Kent and Neuss,
1995).

A semantic network or net is a graphic notation for representing
knowledge in patterns of interconnected nodes and arcs. Computer
implementations of semantic networks were first developed for
artificial intelligence and machine translation, but earlier versions
have long been used in philosophy, psychology and linguistics.
Example of works are in philosophy domain (Ceccato, 1961;
Margaret, 1961), psychology domain (Hendler, 1992; Shastri, 1992;
Fahlman, 1979; Newell and Simon,1972; Quillian, 1966; Groot, 1965)



and linguistics domain (Brachman, 1979; Woods, 1975; Klein and
Simmons, 1963; Tesnicre, 1959).

(i)  Ontology-based approach is a hierarchically structured set of concepts
describing a specific domain of knowledge that can be used to create a
knowledge base. Several works in different domain used ontology-
based approach for knowledge formalization like in bioinformatics
domain (Aranguren et al, 2008; Gary et al., 2005; The Gene
Ontology Consortium, 2001), linguistic domain (Ferrario and
Guarino, 2008), business domain (Mustafa et al, 2003; Gangemi,
2001) and manufacturing domain (Foguem et al., 2008; Ashin and
Yoshizu, 2001). The interest for the use of ontology is that it is not

only consistent but is also upward compatible and easily modifiable.

1.3 Challenges of Formalizing Knowledge

There are several challenges in formalizing knowledge specifically in
manufacturing requirements domain. Designing the ontology, performing technical
analysis about domain concept and creating annotation are several of the main
challenges. There are not many ontology design released by researcher especially in
product manufacturing requirement knowledge. However, several methodologies for
ontology building have been proposed and can be used as a guide to create ontology
(Darlington and Culley, 2008; Noy and McGuinness, 2001; Uschold and Gruninger,
1996). Performing technical analysis of what exactly these concepts are need a
careful analysis and is very time consuming. Although there are several works that
involved ontology in manufacturing field, it seems that there is no suitable ontology
that exists in this domain to be reused or extended. PRONTO present concepts
related with the complex product structure which focuses on non-atomic raw
materials that are used to make certain final products in meat industry. Thus,

PRONTO is not suitable to be used because this study considers discrete



manufacturing industries where products are always fabricated by putting parts
together (composition) in assembly process. The knowledge provided by MASON is
only more suitable to be used for manufacturing product’s cost estimation during
design phase. Product information defined by its manufacturing concept can only be
used to determine the cost of producing the order and the price to be quoted. Thus,
MASON ontology is not suitable to be used because the aim of this research is to
complete the creation of product structure which is the first step on the back of the
cost estimation during design phase. Moreover, these works does not cover the
heterogeneity of terms problem in manufacturing requirements domain. Unlike
bioinformatics field, research for annotations in product manufacturing requirement
fields had not been done and computational tool for this work has not yet been
developed. Therefore, the work to identify any exact matches and relationships
between vocabulary of terms and engineering products in order to create annotation

is not an easy task.

The second challenge in this study is to apply ontology since there are not
many researches that especially apply ontology in manufacturing requirements
domain. For example, Two-Dimensional (2D) Computer Aided Design (CAD)
engineering drawing information extraction involves table extraction and process
identification. The challenges are to standardize the terms used in product structure
and to identify the synonymous term from the information extraction process. This
process has a high possibility to produce synonymous term which involved product
manufacturing requirements information contained in the 2D CAD engineering
drawing. An identification of these terms is very important in order to create
accurate and precise product structure. However, to identify these synonymous
terms using ontology, an appropriate searching technique is needed to find similar
terms. The study of searching technique is also a challenge since the search result
seriously relate to semantic issue. This issue must be considered to ensure the
effectiveness of the information extraction process that used ontology as the main

component.



1.4 Statement of Problem

The problem on formalizing knowledge specifically in manufacturing
requirements domain to be studied can be described as follows:
“Given heterogeneous products and terms in manufacturing
requirements domain, the challenge is to formalize the knowledge
using ontology and create a simple development methodology and
design which will enable the ontology to be reused and extended and at
the same time, applies the ontology in 2D CAD engineering
information extraction in order to show the applicability and usage of

the developed ontology”.

This study assists in solving the problem of formalizing knowledge in
manufacturing requirements domain focus in product structure. The first factor that
has to be considered to produce the best solution for this problem is by developing
ontology to standardize the engineering terms in this domain and annotation to
analyze the usage of shared terms between products. The second factor that has to be
considered in order to enable the ontology to be reused and extended is by
developing ontology development methodology and prepares ontology artifacts that
are shareable and publicly available on the World Wide Web (WWW). Finally, the
third factor that has to be considered is by developing a searching algorithm in order
to apply the ontology in 2D CAD engineering information extraction. This searching
algorithm can be used to identify the synonymous term and subsequently helps in
complementation and creation of product structure. Consideration of these factors is
expected to formalize manufacturing requirements knowledge in this domain with
feature to be reused and extended and furthermore lead to correctness and

comprehensiveness of the ontology in this domain.



1.5 Objectives of the Study

The goal of this study is to formalize knowledge in manufacturing

requirements domain with reused and extended features using ontology. In order to

realize this goal, several objectives must be achieved:

(1)

(i)

(iif)

To formalize manufacturing requirements knowledge by developing
Product Structure Ontology (PSO) and annotation in order to
standardize the engineering terms and analyze the usage of shared
terms between products in this domain.

To share the ontology in manufacturing requirements domain by
developing PSO development framework and artifact such as website,
browser, database and documentations in order to enable the ontology
to be reused and extended.

To test the applicability and usage of the proposed ontology by
developing Semantic Ontology-Based Searching Algorithm (SOBSA)
with the aim of applying the ontology in 2D CAD engineering

information extraction.

1.6 Significance and Scope of the Study

In this study, ontology will be used to formalize manufacturing requirements

domain specifically involving terms in product structure. The reason to use ontology

is that the ontology can give formal representation of a set of concepts within a

domain and the relationships between those concepts. This formalization of

knowledge is needed to solve the problems of heterogeneity of product and terms in

product design. Therefore, we come out with a dynamic ontology called PSO in

which the vocabulary can be controlled and standardized, making it suitable to be



applied to all automotive spring products. Then, annotation was designed to solve
the heterogeneity of product in product configuration. The proposed ontology will
be applied in automated extraction of 2D CAD engineering drawing information to
enable the manufacturing requirements to be identified effortlessly and accurately.
Thus, it can reduce the implementation cost and time, reduce human error and
standardize the engineering terms. Furthermore, product structure can be created in
an easier manner. The product structure or also known as Bill-of-Material (BOM)
contains product attributes, materials, components, unit of measures (UOM) and
relationship between them.  The product structure is needed to support

manufacturing lifecycle such as production, testing and maintenance.

2D CAD engineering drawing and technical reports from APM Springs Sdn
Bhd (APMSSB: http://www.apm-automotive.com) are used to collect the dataset for
this research. Besides that, information from engineering manufacturing books and
websites related to this domain are also used. Then the data is analyzed to form
formal knowledge in manufacturing requirements domain called PSO. The proposed
PSO methodology is introduced to explain the detail steps involved in PSO
development. The PSO artifacts called PSO category and PSO anatomy are also
presented to make sure PSO can be extended and reused, duplicated into other
products as well as its annotation being made in a comprehensive and complete
manner. In addition, the PSO resources are provided which include the PSO website,
PSO browser, PSO database and PSO documentation. PSO website provides
information about PSO, downloadable versions of the ontology and hyperlink to PSO
browser. The Java-based PSO browser provides interface to the ontology that allows
user to use PSO tree to query the database. It displays the hierarchy of product
structure, information of terms and the annotation of the terms. PSO database give
information about PSO database design and schema while PSO documentation
provide general information to guide users to understand and using PSO. Lastly, the
PSO will be applied in Engineering Drawing Extraction (EDEx) to test the
correctness and comprehensiveness of the ontology in this domain. EDEX is a tool
that has been developed to extract elements specifically tables and labels in digital

engineering drawing (Ahamad et al., 2009).



1.7 Organization of the Thesis

A general content description of the subsequent chapters in this thesis is

given as follows:

(1)

(i)

(iii)

(iv)

™)

(vi)

Chapter 1 describes the challenges, current methods, problems,
objectives, scope and significance of the study.

Chapter 2 begins with the introduction on product manufacturing
requirements followed by 2D CAD engineering drawing and product
structure. Reviews on extractor algorithm, knowledge formalization,
ontology and semantic similarity measure are also described. The last
sections of this chapter will present the trend and tendencies related to
this study.

Chapter 3 begins with a brief review of the proposed ontology
development framework, followed by detailed descriptions of
hardware and software requirements, data sources, testing and analysis
procedures and performance measurement used.

Chapter 4 gives a brief overview on PSO design and implementation
including PSO category, anatomy, schema, annotation and its
evidence and shared resources.

Chapter 5 describe the Semantic Ontology-Based Searching
Algorithm (SOBSA) that is developed to applying the PSO in digital
2D CD engineering drawing extraction.

In Chapter 6, the conclusion of the study and the achieved results to
date is presented. The contributions and future works of the study are

also described.
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