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Abstract Ontology has been identified as a feasible model-
ing solution for rich design information and knowledge rep-
resentation. From previous studies, the applications of ontol-
ogy in design engineering have shown promising progress.
This chapter provides a critical review of the recent achieve-
ments in utilizing ontology for design information and
knowledge management. The applications of ontology in the
three major categories are explicitly discussed. Most impor-
tantly, a number of research issues concerning the application
of ontology in design engineering have been identified and
suggested. Finally, based on the current state of research,
a few promising future research directions are also briefly
discussed.
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1 Introduction

In today’s design engineering scenario, both design and
manufacturing companies are constantly investigating ways
to offer better products in different aspects such as cost
and product performance in order to meet with different
customer expectations. The ever changing customer tastes
on product requirements have forced design and manufac-
turing companies to offer more product choices that tar-
get at different market segments. Taking the amount of
design information generated during the design process into
consideration, the management of design information and
knowledge has become a critical issue worth investigating.
Design information refers to information generated dur-
ing the design of an artifact, such as artifact associated
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design specifications, functions, materials and manufactur-
ing process. This information are usually recorded in design
documents, that may include design proposals, final design
drawings and engineers’ logbook, handbooks, patent doc-
uments, online catalogs or magazines. With the advent of
computerized design tools and database system, the chal-
lenge lies in processing these large amounts of information in
order to effectively and efficiently capture, index, store and
retrieve them, as well as to discover meaningful knowledge
for timely decision making.

For the majority of design and manufacturing organiza-
tions, design information and knowledge are regarded as an
important asset for the production and delivery of their prod-
ucts or services, where it also plays an important role in
maintaining the sustainability of organizations [1]. Advances
in information communication and technology (ICT) and
the realization of more affordable and powerful computers
have revolutionized how design information is being created,
indexed, stored and retrieved. From a previous study, it is
discovered that design engineers often sought solutions from
past design cases in solving their design problems where they
spent 20% to 30% of their time retrieving and communicat-
ing design information [2]. Besides the issues involved in
performing search and retrieval operations, a design repre-
sentation that enables designers to look at design knowledge
at different perspectives, either in new or unfamiliar design
situations is equally important [1]. Ahmed and Wallace [3]
found that in their studies involving 633 queries, novice
engineers were only aware of what they needed to know in
only 35% of all queries compared to experienced designers.
Their findings suggest that a design representation that sup-
ports both experienced and novice designers in identifying
key information during the design query process is crucial.
In another study, it is revealed that a typical manufactur-
ing organizations can have 7–12 information systems (IS)
that are tailored for different needs [4]. However, these IS
usually differ in terms of technologies, standards and under-
lying information architecture, causing expensive operations
on information exchange and integration at later stages of
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design [4]. Consequently, a unified information model that
allows interoperability of design information across different
IS for efficient search, navigation and retrieval is essential
towards streamlining the design process.

With respect to all these requirements, ontology is iden-
tified as a feasible information modeling approach that pos-
sesses rich knowledge representation capabilities for com-
prehensive design information and knowledge management.
Ontologies are the basic building blocks of Semantic Web
where it allows the mapping of information across differ-
ent perspectives. Different from a taxonomic structure that
describes information in a concept hierarchy manner, ontol-
ogy is able to describe relationships by defining multiple
semantic relationships between concepts and entities of the
ontology, as well as to other ontologies. This ability allows
different context of design information to be semantically
modeled and new design knowledge at different perspectives
to be suggested.

In the context of design engineering, there are already a
substantial number of works reported that have illustrated
the use of ontology in different areas of design engineering.
Harnessing the semantics of ontology, the practical applica-
tions of ontology in design engineering have presented great
potential in solving some of the issues of design information
and knowledge management, such as better design informa-
tion storage, search and retrieval; semantic interoperability
for federation of design information; and intelligent product
configuration. PricewaterhouseCoopers, one of the world’s
largest professional services firms, have recently mentioned
the importance of business information context and seman-
tics for better decision making, where they have predicted
that “a transformation of enterprise data management func-
tion driven by explicit engagement with data semantics” will
take place in the next 3–5 years [5]. In relation to this, we also
believe that similar efforts of adding the semantic dimension
in design information modeling using ontology will likely
to occur given the rising interest of the design communi-
ties towards the use of ontology in recent years. Therefore,
a critical review that covers the state of the art issues in
development and application of ontology in design engineer-
ing is needed in order to identify possible future research
directions.

This study attempts to provide a critical review on the
use of ontology for design information and knowledge man-
agement. The rest of this chapter is organized as follows. In
Sect. 2, we present the reviews on studies related to ontology
development in design engineering. Several key applica-
tions of ontology in design engineering are comprehensively
covered in Sect. 3. Section 4 discusses about the research
issues surrounding various aspects of ontology applications
in design engineering and some potential future applications.
Section 5 concludes.

2 Ontology Modeling and Development
in Design Engineering

Ontology consists of a set of concepts, axioms, and relation-
ships that describe a domain of interest, and can be regarded
as an explicit specification of a shared conceptualization,
that can be taxonomically or axiomatically based [6]. In the
engineering perspective, examples of concepts are “fastener”
(device and structural oriented concept), “rotate” (functional
oriented concept) and “plastic” (material oriented concept),
that exemplifies the underlying semantics behind a domain.
The concepts and relations in ontology need to be explic-
itly defined before its deployment in design engineering. In
the area of library science or computer science, the efforts
in creating ontology have started in the mid-1980s, where
we witness the creation of Cyc ontology and WordNet. Cyc
ontology attempts to model a comprehensive ontology of
everyday common sense, and WordNet serves as a com-
prehensive lexical ontology for natural language processing
(NLP). Later on, there are other ontologies that are built
for different purposes, such as GENSIM (for genetic sim-
ulations), PLINIUS (for mechanical properties of ceramic
materials) or Unified Medical Language System (UMLS)
(for modeling medical concepts). A comprehensive survey
and review on the design of all these ontologies are covered
by Noy and Hafner [7].

In terms of ontology development, there are several early
studies on the methodology for ontology development that
are being proposed in the area of library science and com-
puter science. The work by Gruber [6] is perhaps one
of the earliest studies that has presented design principles
for ontology development meant for knowledge sharing.
Later, three most representative methodologies for build-
ing an ontology being presented: (1) Gruninger and Fox
[8] proposed a methodology of designing and evaluating
an ontology, that is used in developing the TOVE (Toronto
Virtual Enterprise) project ontology; (2) Uschold and King
[9] proposed a methodology for building enterprise ontol-
ogy for enterprise modeling processes; (3) Fernandez et al.
[10] presented a more systematic approach for building
ontology from scratch, called METHONTOLOGY that is
applied in building a chemical ontology. The review of these
three methodologies can be found in Pinto and Martins’
review [11]. Another notable study that serves as a use-
ful guide in building an ontology is proposed by Noy and
McGuinness [12]. Their approach to ontology engineering,
named Ontology Development 101, presented a knowledge
engineering approach in creating ontologies. All these stud-
ies have presented useful practical guidelines in ontology
building that are adopted by researchers in the design engi-
neering domain.
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There are also other methodologies for ontology build-
ing that are specifically tailored for the design engineering
domain. Ahmed et al. [13] have attempted to develop a
methodology for ontology development that aimed for index-
ing design knowledge. Their methodology focuses on the
user’s domain, where they have identified four root concepts:
design process, function, issue and product in their engi-
neering design integrated taxonomy (EDIT). However, their
methodology does not explicitly study the complex inter-
relations among the root concepts. Another methodology of
building an ontology is proposed by Sarder et al. [14]. They
have introduced a methodology called Domain Knowledge
Acquisition Process (DKAP) for creating ontology of prod-
uct and process design. Utilizing the knowledge engineering
approach, DKAP presented a systematic approach in obtain-
ing domain specific knowledge by using an ontology descrip-
tion form that is based on IDEF5 standard. Nanda et al. [15]
applied the formal concept analysis in their methodology to
develop domain specific ontology for a product family. The
formal concept analysis approach is used to identify simi-
larities among a finite set of design artifacts based on their
properties and to ensure consistency in obtaining domain
concept hierarchy.

From the previous literature, some of the early related
works of ontology application in design engineering domain
are meant for the purpose of systematizing specific domain
knowledge, that includes defining and developing ontol-
ogy for product configuration [16], ontology for engineering
design activities [17], port ontology [18] and ontology of
functional knowledge [19]. These ontologies are mostly
developed based on extensive domain literature studies that
aimed for representing domain specific knowledge at a
higher level of abstraction for knowledge generalization.
There are also some other research efforts that have modeled
and evaluated ontology using empirical approaches (e.g. sur-
vey & interviews), such as the EDIT discussed earlier. The
ontology developed in this way presented a more specialized
area of knowledge for specific purpose, based on user needs
for example that are also important towards certain domain
of interest.

3 Ontology Applications in Design
Engineering

This section describes some of the existing works on
ontology applications in design information and knowledge
management. Figure 1 illustrates an overview of ontol-
ogy application in design engineering. We categorized the
applications of ontology in design engineering into three
major categories: (1) design information annotation, shar-
ing and retrieval; (2) interoperability; (3) product design

configuration. The detailed descriptions on each of the appli-
cations are described in the following sections.

3.1 Design Information Annotation, Sharing
and Retrieval

One of the most widely preferable uses of ontology in design
engineering is for the annotation, sharing and retrieval of
design information. We view this area of application in two
perspectives: one is where ontology functions as the under-
lying knowledge base to aid designers in annotation task
for better retrieval, and the other one is where the ontol-
ogy itself is the underlying knowledge schema for intelligent
retrieval by designers and engineers. In the first perspec-
tive, ontology is used as the pre-determined and pre-defined
knowledge that assists designers in annotating design infor-
mation. For instance, Kitamura et al. [20] have introduced
a schema named “Funnotation” for functional annotation
purpose based on their functional ontology. While their
annotation are accomplished using manual annotation tools,
Li et al. [21] used a pre-defined engineering ontology to
semi-automatically create semantic metadata of textual engi-
neering documents. Another study by Catalano et al. [22]
used a car aesthetic ontology to semi-automatically annotate
two and three dimensional car models using image process-
ing techniques. Ontology-based annotation ensures a more
efficient indexing and retrieval of design information where
ontology can function as the semantic indexing structure for
semantic-based search and retrieval.

In the second perspective, ontology functions as knowl-
edge base for storage of design information. Harnessing
the semantic capabilities of ontology, ontology can model
complex inter-relations between information, and provide
users with a powerful knowledge base to complete vari-
ous decision support tasks. For example, ontology can be
used as functional knowledge base for functional knowl-
edge retrieval by designers in different viewpoint [19]. In
the field of engineering analysis, Groose et al. [23] used
an ontology-based knowledge base named ON-TEAM to
effectively share information on engineering analysis model
among engineering organizations. Witherell et al. [24] stud-
ied an ontology for optimization (ONTOP) as knowledge
base that can assist engineers in selecting the best engineer-
ing optimization models. Function as knowledge bases, these
studies have also proposed knowledge acquisition interfaces
to further populate the ontology to enable design knowledge
management where additional new design cases can be effec-
tively stored and retrieved. Lim et al. [25] have presented an
information management and retrieval framework in product
family design using a semantically annotated multi-facet
product family ontology. By using a case study, they have
demonstrated the benefits of faceted search in performing
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Fig. 1 Overview of ontology application in design engineering

tasks such as intelligent variants configuration and product
platform search.

3.2 Interoperability

The formal conceptualization of domain knowledge embed-
ded in ontology makes ontology useful to enable interoper-
ability among heterogeneous knowledge base or engineering
applications. Ontology in such a case is often used as a com-
mon mapping structure to achieve common understanding
among different ontologies. In this context, the ontology is
also commonly known with the “upper ontology” concept,
where semantic ambiguities are resolved by providing com-
mon terms or vocabularies at a higher level of abstraction.
An example on this topic is to apply ontology for solving
the interoperability between a computer-aided design (CAD)
application and computer-aided process planning (CAPP)
application using feature ontology [26]. Ontology serves as
a mapping mechanism to allow interchange of information
across two different systems. Oh et al. [27] presented a
method to enable semantic mapping of different business
documents by utilizing ontology as the semantic gateway.

Lin et al. [28] proposed the use of manufacturing system
engineering (MSE) ontology to facilitate the semantic inter-
operability across extended project teams. Another study by
Cho et al. [29] adopted a meta-ontology in part libraries inte-
gration where it is used for unified search among distinct part
libraries. It is noted that most of these mappings between
ontologies are achieved manually via specific tools.

Another stream of research in this area witnesses the
use of ontology as the knowledge structure for integration
of information or knowledge base. In this context, ontol-
ogy can be used to integrate information sources into a
unified ontological representation for information sharing.
For instance, Bellatreche et al. [30] used an ontology to
automatically integrate electronic catalogues to ensure con-
sistency in data semantics. A recent study by Zhao and Liu
[31] have also discussed an ontology-based methodology for
encoding EXPRESS-driven product information model to
web ontology language (OWL) and Semantic Web rules lan-
guage (SWRL). Ye et al. [32] used a supply chain ontology
(SCO) as the underlying structure for implementing seman-
tic integration of information in supply chain applications.
These studies aim to use ontology as a unified information
model, and to convert design information in older ontological
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formats such as RDF into newer ontological representations
in OWL. A good review on interoperability and information
integration are discussed in a review by Ciocoiu et al. [33].

3.3 Product Design Configuration

Another important research area in design engineering where
ontology is applied is product design configuration. Product
configuration can be a complex process as it involves
multiple aspects such as rules and constraint satisfaction.
Ontology is able to model the relationships among differ-
ent design artifacts of a product and offers an approach
to comprehensively model the attributes, constraints and
underlying design related rules for intelligent product con-
figuration. With respect to this, an early study by Soininen
et al. [16] have presented a general ontology of configu-
ration, where detailed conceptualization of knowledge on
product structures are explicitly defined. McGuiness and
Wright [34] presented a conceptual modeling for configu-
ration using description logic-based approach that focuses
on the assembly process. Felfernig et al. [35] presented a
configuration knowledge representations for semantic web
applications using ontology languages. Most of the early
works reported so far present a conceptual description on
how a product configuration problem should be represented
using ontology. A recent study by Yang et al. [36] have
explored the use of ontology for rule-based product configu-
ration. Different from single product configuration, ontology
is also being proposed as a feasible modeling scheme to rep-
resent a product family. Nanda et al. [15] have represented a
family of products using a product family ontology as a uni-
fied information structure for a product family. Lim et al. [37]
have also proposed a new approach towards product analy-
sis and variants derivation based on a semantically annotated
product family ontology. Their study have shown the merits
of using ontology in supporting designers for product family
redesign purpose.

4 Future Research Issues and Applications

From the previous discussions on the applications of ontol-
ogy, it is clear that ontology can play different roles and
can be applied in design engineering in multiple ways. In
such a case, explicitly defined ontologies are necessary to
ensure successful deployments. However, developing ontol-
ogy is a challenging task if we consider the time and efforts
required. We note that majority of the ontologies are defined
manually based on intensive domain literature studies, where
human annotators are employed to annotate domain specific
concepts and relations based on their comprehension of

domain knowledge. While such an approach is essential in
deriving non-trivial semantic relations and rules, the process
will eventually become a burden for human annotators as the
ontology evolves with incremental information. In view of
the large amount of product offerings available in the market,
effective means of semantic annotation for ontology devel-
opment that require less human efforts is highly desirable.
In this sense, the approach should be able to assist human
annotators in ontology definition by providing useful sug-
gestions for annotation. The recent trends in the field of
ontology learning, with tools such as Text-to-Onto [38], and
OntoLearn [39] to extract domain ontologies from corpus,
can shed light on the issue of ontology development.

In relation, it has come to our attention that most of the
studies do not emphasize on further updates and population
of ontology. Despite the fact that a higher level ontology
(e.g. upper ontology) that contains generic knowledge rep-
resentation may not require much changes, other specific
ontologies such as product specific component or functional
ontology, user requirements ontology or marketing strategy
ontology are subject to change when design information
changes. This implies that the knowledge, that is once rel-
evant, may become obsolete and new information may be
discovered after the ontology has been explicitly updated.
Another problem is on the annotation changes that are caused
by ontological changes. The annotation on resource such
as design documents or other related ontologies may no
longer be valid. The dynamic updates on these annotations
are also a challenging issue. To the best of our knowledge,
we observe that there are still very few studies that address
all these important issues. We believe that all these are impor-
tant in the design engineering perspective as changes in
design information will normally trigger the “chain effects”
in design. For instance, the changes in upstream design activ-
ities (product specification changes) can dramatically affect
the downstream design activities (manufacturing plans, pack-
aging, supply chain, etc.). Therefore, it is desirable to study
the evolution of ontological structures due to design infor-
mation changes, and its impact towards the whole design
process.

Another issue worth investigating is on the ontology map-
ping for interoperability. The mapping among ontologies
is important in the aspect of integrating knowledge bases
for knowledge discovery. However, the process of mapping
ontologies is a challenging task. Most of the previous stud-
ies adopted a manual approach in generating the mapping
between ontologies of which, in our opinion, is time con-
suming and tedious. For scalability, we reckon that this is
an important issue as the incorporation of different aspects
of ontologies, like function and manufacturing process, can
be performed in a more automated fashion to enable better
comparison of products. This challenge is also fundamen-
tal towards the realization of Semantic Web paradigm in
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the design engineering domain. We suggest the use of intel-
ligent approaches to assess semantic relatedness between
concepts, entities and properties of different ontology for
semi-automated or automated mapping of ontology. A review
of tools proposed for this purpose, such as GLUE, ONION
and FCA-Merge, are researched in a study by Choi et al. [40].

In the ontology engineering perspective, ontology evalu-
ation and validation is another important issue where much
attention should be given. The ontology developed need to
be evaluated and validated to ensure the consistency of ontol-
ogy. We find that this part of research are often neglected and
rarely reported in previous studies. Ensuring the validity of
ontology is a complicated task that usually involves domain
experts and explicit human judgments. In order to reduce
human efforts and ensuring better evaluation and validation,
building ontology collaboratively is one of the ways to define
better upper ontology where ontologist can have a shared
consensus during the process of ontology development. Web-
based ontology editing tools, such as Web Protégé,1 can be
a promising starting point towards collaborative ontology
evaluation and validation.

Based on the capabilities and the current trends of using
ontology in design engineering, we are able to foresee a few
other potential applications that are worth of investigation.
Some of the potential future works include, but are not lim-
ited to, the annotations of non-textual design information
such as sketches, CAD models and design animations; the
representation of sequential design information such as event
logs for design changes, and the cognitive aspects of design,
such as design rationale, aesthetics and styling of design arti-
facts. All these research areas are interesting topics that await
further investigation.

5 Conclusion

Ontology is identified as a feasible modeling solution for
rich knowledge modeling scenarios towards comprehensive
design information and knowledge management. The prac-
tical applications of ontology in design engineering have
presented a great promise in the design information and
knowledge management perspective. This study provides a
survey on the state of the art application of ontology in
design information and knowledge management. We have
discussed about the methodology for ontology development
that includes established guidelines proposed in library sci-
ence and computer science as well as those proposed in the
design information domain. We have also identified three

1 http://bmir-protege-dev1.stanford.edu/webprotege

major categories of ontology applications in design infor-
mation and knowledge management: (1) design information
annotation, sharing and retrieval; (2) interoperability; (3)
product design configuration. The applications of ontology
in the three major categories are presented. Furthermore, a
number of future research issues and applications on utilizing
ontology in design engineering have been critically reviewed
and presented in this chapter.
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