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The ongoing sophistication in costumer’s needs have increased the complexity in the Integrated Product
Development Process (IPDP). This remarkable growth demands that systems offer support to many differ-
ent stages of IPDP, going across early planning and practical development phases. Concurrently, the level
of detail and quantity of information are exponentially growing in this applications. However, there was
also an increase in the number of semantic obstacles to sharing information across systems. These se-
mantic obstacles are mainly related to the heterogenic nature of the information, which has its captured
meaning interpreted in a divergent way, increasing the project costs and development time. In this con-
text, this article contributes to the development of the core ontologies from the Reference View, to aid
the semantic interoperability in the Product Design stage, further improving the exchange of information
during different phases of the IPDP. The core ontologies research is focused on supporting the develop-
ment of a plastic injected product, gathering and sharing information across the domains of part and
mould design, mould manufacture and materials selection. The experimental system has demonstrated
the potential to aid the exchange of information and inconsistency analysis in the Integrated Product

Development Process.

© 2017 Published by Elsevier Inc.

1. Introduction

Currently, the demand for more elaborated products has in-
creased the complexity in the Integrated Product Development
Process (IPDP), due to the necessity of goods being developed in
less time and with higher quality, associated with the continuous
improvement of technology. Therefore, there’s a need for compu-
tational systems that offer support to the many different stages of
the product development and that can also share the knowledge
produced between these stages and the products manufacture [1].

There has been a considerable increase in the quantity and
level of detailing of the knowledge from the product development
in past decades, but along with that came an augmentation in
the number of semantic obstacles for sharing this knowledge ef-
ficiently. These semantic obstacles are mainly related to the het-
erogenic nature of the knowledge, which has its meaning captured
and interpreted in a divergent way by the many different depart-
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ments charged with the IPDP, increasing the costs and develop-
ment time [2,3].

A mutual understanding of the semantics inside the shared and
exchanged knowledge representations is the cornerstone in the
quest for semantic interoperability [4]. This paper supports the cre-
ation of a path towards providing this mutual understanding. In
that sense, contributing to the growing recognition for the need of
reference ontologies that stay in between generic foundation on-
tologies and highly specific domain ontologies [2]. This article fo-
cuses on the adoption of an approach where the meaning, in com-
putational form, associated to core feature-based concepts is estab-
lished. This method uses formal heavyweight ontological structures
to define the meaning behind the information [5,6], such as stan-
dard features, machining process execution, geometrical and di-
mensional tolerances and product material knowledge, in the con-
text of injection moulded product design.

In this context, this research proposes the structuring of Refer-
ence Core Ontologies, from which new ontology based models can
be specialized to suit specific application domains. In combination,
these ontologies will serve as the semantic schema for a knowl-
edge base, in order to aid product development and ensuring that
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Fig. 1. Technical procedures adopted for the research.

knowledge created in one domain of the product development pro-
cess will be shared and understood in other related domains with-
out information heterogeneity.

The first stage of this research is dedicated to review the main
concepts on IPDP, interoperability and ontology engineering. The
second stage is dedicated to the concept exploration on the cre-
ation of core ontologies (also referred as reference ontologies). The
final stage regards the creation of the core ontologies, which will
serve as basis for further development of the system and work as
knowledge base for the entire concept. This will allow an analy-
sis on the consistency and information sharing, considering other
elements of the Product Design and Manufacture in future stages.

The paper adopts the following structure: Section 1 presents
the methodology for the development of this research. shows the
research’s literature review and its relevant topics. Section 3 de-
scribes the concept of the reference view and the creation of its
ontologies and how they will enable an interoperable product de-
velopment process. In Section 4 the reference model is applied to
a real case, allowing the evaluation of the interoperable environ-
ment that is created by it. Finally, in the conclusion section, the
main outcomes, knowledge gathered and research perspectives are
presented.

2. Research methodology

This research is considered applied science since it aims to un-
derstand, explain and produce knowledge, which can be imple-
mented to solve interoperability issues in manufacturing indus-
tries, based on existing theories. It has a qualitative approach, as
qualitative studies seek to gain an in-depth understanding of a spe-
cific phenomenon through descriptions and exploratory interpreta-
tions to provide greater familiarity about a specific problem [7].
The emergent nature of the concepts analysed classifies the scien-
tific objective as exploratory. The technical procedures were further
explored in a scheme that shows the logical steps taken in the re-
search development, to improve and simplify its comprehension,
as shown in Fig. 1.

Firstly, a technological background is proposed in order to ex-
plore concepts such as Integrated Product Development, Semantic
Interoperability and Ontologies. Secondly, an experimental applica-

tion will be developed, starting by “Defining the Reference View”
and “Applying the Reference View”, based on information gathered
in the previous stage. Later, an application of the concept is pro-
posed through a case (Development and Validation) based on in-
formation from a product, subsequently, its results will be anal-
ysed.

3. Technological background

This literature review explores the concepts of Integrated Prod-
uct Development Process (IPDP), interoperability and ontologies.
The review establishes concepts, relevant topics and an overview
on each theme, as well as their connections.

3.1. Integrated Product Development Process

The Integrated Product Development Process (IPDP) is defined
as a set of multidisciplinary activities coordinated for the creation
of a product, taking in consideration technological viability, cus-
tomers’ needs and market opportunities, according to Rozenfeld
et al. [8]. Along with this information, innovation plays a key role
on the development process [9]. In this context, a categorisation of
projects was presented by Pereira and Canciglieri [10] considering
three categories: improvement projects (which improve an existing
project), platform projects (develops a next generation based on an
existing product) and radical projects (completely new products).

There are different Product Development Models in order to
structure the activities in IPDP. They have several applications,
where each one has a similar structure but different aims and glos-
sary as shown in [11] and [12]. However, one of the main problems
in IPDP is dealing with different knowledge domains, which result
mostly in creation of data misinterpretation, ambiguity, semantic
inconsistencies and mistakes, remarkably in design and manufac-
turing planning stages [13], which represent the largest portion of
impact in later costs [14].

3.2. Semantic interoperability

Semantic interoperability, as defined by Chen [15], is an im-
provement in communication between two heterogeneous sys-
tems, as a way of optimizing their joint operations and resources
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