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a b s t r a c t

Research on Engineering Knowledge Management (EKM) has identified challenges with the systematic
source of engineering knowledge for the design process optimisation. In this context, Knowledge-
Based Engineering (KBE) is acknowledged as a key area within the EKM field and designated by the
research community as a potential solution to carry out the effective capture and reuse of expert knowl-
edge. However, papers on KBE for knowledge sourcing are not abundant in the literature and they are also
dispersed. From this perspective, this research is an effort to further consolidate the learning gained on
industrial practice on how engineering knowledge can be effectively sourced. This is achieved by realising
a research survey, where using the resulting insights KBE practice reaching aerospace engineering offices
shall be more efficiently delivered through fast and accurate knowledge extraction and encoding into
usable methods and tools. The research findings provided by literature survey confirmed the existence
of a research gap on knowledge sourcing; and more precisely they underlined the need for an extended
KBE development process which integrates Artificial Intelligence (AI) tools and expert intervention to
systematically manage the knowledge (using the KM methods and tools) efficiently captured and mod-
elled (employing AI algorithms and expert involvement). Therefore, this paper concludes that there is a
need for further research on the knowledge sourcing KBE aspect and presents the integration of KBE sys-
tems and AI implementations as a potential solution to develop the extended KBE development process
requested by the industry.

� 2015 Elsevier B.V. All rights reserved.

1. Introduction

Engineering design has been traditionally described in main-
stream methodologies as a systematic process consisting of a pre-
scribed workflow moving product development from conceptual to
detail design [1–3]. A more information-oriented view of this
design process is the multistep process described in [4], where
design steps transform ideas into the information required to cre-
ate a product.

The complexity of the design problems faced by engineers in
the aerospace domain forces them to focus on their specific domain
task while maintaining visibility to the task from other domains
in order to make balanced engineering decisions. By addressing
this challenge efficiently, designers shall have fast access to the

relevant information required to carry out their job. The conse-
quence of an optimised decision-making process in design is the
reduction on the number of iterations required to produce success-
ful designs. The immediate effect to competitiveness is the reduc-
tion of design lead time and costs while maintaining the quality of
the product developed.

The context of this research is the aerospace industry where
high pressures are becoming apparent in the need to increase the
financial returns on the investments made in engineering exper-
tise. A feasible route for engineers to optimise the design process
information flows is the adoption of Engineering Knowledge
Management (EKM). The concept is presented in [5] as ‘‘a key for
the organisations attempting to capitalise their expertise and know-
how’’. Other authors point out in their EKM definitions to the sys-
tematic process in which knowledge is organised in an efficient
manner facilitating its exploitation and reuse [6,7]. In this direc-
tion, the work reported in [5] illustrates that the speed in making
the right decisions at the design stage is essential since it influ-
ences around 80% of the end product cost. Recent research carried
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out by the authors in the context of multi-disciplinary optimisation
highlights the benefits from managing and disseminating manu-
facturing engineering knowledge (manufacturing constraints) as
a strategy for informed decisions on aircraft wing design choices
[7]. Key insights gained from this research are: (a) making the
knowledge from manufacturing experts available to engineering
designers facilitated the adoption of manufacturing considerations
in the design and; (b) transferring the knowledge into software
transforms the knowledge into actionable methods and tools that
can be exploited to support the design process more efficiently.

An approach to realise this knowledge elicitation and encoding
into tools has been often described in the literature as Knowledge-
Based Engineering (KBE), [8]. The authors have identified that
reported research on KBE usually focuses on the methods and tools
supporting the transformation of the knowledge into computer
code. However, a research gap is perceived by the industrial
researchers on the methods and tools that can be used to effec-
tively source the knowledge acquired and encoded in the KBE
development process. The main aim of this paper is to further con-
solidate the learning gained on industrial practice on how knowl-
edge can be effectively sourced. This is achieved by realising a
research survey, where using the resulting insights KBE practice
reaching aerospace engineering offices shall be more efficiently
delivered through fast and accurate knowledge extraction and
encoding into usable methods and tools.

This paper is organised as follows. First, the design and
methodology followed in this paper are described in Section 2.
This is followed in Section 3 by the analysis of the research activ-
ities carried out in a large aerospace organisation (Airbus Group)
which highlights the need for further investigation to increase the
efficiency of the knowledge sourcing practices leading to more
efficient KBE methods and tools. Section 4 evaluates previous
research work related to KBE, categorising KBE applications pre-
sent in the literature and underlining the KBE research challenges
associated to the knowledge sourcing process. In Section 5, rele-
vant KBE papers are evaluated using two instruments: literature
classification and analysis, and expert assessment. After that, in
Section 6 concluding remarks are given followed by the discus-
sion of the research challenges and opportunities identified.
Finally, a summary of the work realised in this research is briefly
described in Section 7.

2. Research design and methodology

The ultimate objective of this research is to calibrate the per-
ceived needs for improved knowledge sourcing identified by the
researchers. The scope of the research is limited to the context of
engineering design. More precisely, this research is focused on
the need for sourcing knowledge that can be exploited through
engineering design automation systems (often referred in the liter-
ature as knowledge-based engineering systems). Given the objec-
tive and the scope of this survey, the key research question was
articulated and as follows:

2.1. What are the technical gaps and opportunities to effectively source
engineering knowledge for KBE development?

The design of the research emerged from industrial EKM and
KBE practice. However, further systematic validation of the
industrial practice insights was identified as an instrument to
substantiate the existence of the perceived research gap. A key
element to perform such assessment consisted on a survey of
industrial and academic literature related to the research.
However, this approach was also reinforced by expert assess-
ment. The steps followed in this research are briefly described
as follows:

2.1.1. Industrial motivation and research problem statement
In this part of the research, insights on the industrial implica-

tions of knowledge sourcing are drawn from the experience gained
in Airbus Group Innovations. The outcome of this exercise is
reported in Section 3.

2.1.2. Development of the survey criteria
In order to structure the survey, the researchers made use of

recently reported research on KBE technology challenges to articu-
late the scope of the literature survey on knowledge sourcing. An
outcome of this research step is the identification of 4 functional-
ities of KBE systems that can be used as criteria for the survey.
Section 4 reports on this aspect of the research.

2.1.3. Literature analysis and classification
The scope of the review included two types of research articles

and reports. On one hand, articles describing traditional KBE
applications. This subset includes research reports focused on
the automation of repetitive tasks which also supports the
management of the knowledge outside the application. This
imposed constraint was used as the criteria for the authors to
consider that the improvement of knowledge sourcing was part
of the aim of the research reported in the papers. Refs.
[10,13,14,23,24,26,27,31,32,34–38,7,48,21,49,5,50,51,53,29,54–56,
25,57,39,58,30,59–85,11,86] fall into this segment of the research
work surveyed. Another set of research articles was identified in
references [9–14]. This set of articles features the use of Artificial
Intelligence techniques as part of its implementation that con-
tributes to the sourcing of engineering knowledge. The combined
set of relevant literature sources includes 55 research articles
reporting KBE implementations relevant for the scope of this
research.

To reach this subset of relevant articles, extensive filtering and
searching was required. The keywords used to identify the relevant
literature included ‘‘knowledge-based engineering and engineering
design’’ and ‘‘artificial intelligence and knowledge-based engineer-
ing’’. In order to reduce the number of papers and facilitate the
finding of the significant ones, multiple searches were carried out
using combinations of the keywords. For instance, when searching
in Science Direct for ‘‘artificial intelligence + knowledge-based
engineering + engineering design’’ more than 32 000 articles
results appear on the screen. Thus it became apparent the need
of filtering the files browsed. As a general rule applied in this work,
the content type was constrained to articles from journals and con-
ferences. For this case in particular, the number of papers obtained
were considerably reduced when excluding from the search some
journals titles and study topics like ‘‘Artificial intelligence in med-
icine’’ and ‘‘interface’’ respectively.

When manually screening the results, it becomes apparent that
the results are ordered by their relevance with the keywords used
in the search. Therefore, it was common that in most of the cases
only the first three pages (600 articles) were containing relevant
papers. After going through the first 600 articles on the search list,
abstracts of those articles with titles concerning with the search
were revised and only those articles with relevant abstracts were
stored and classified in a comparison matrix. In this context, most
of the relevant papers were found using Scopus, Science Direct and
Springer Link external databases [15–17]. More than 70 papers
have been identified as important for this work with around 55
articles (KBE applications) of vital importance.

The classification of the research articles passing the various fil-
ters was realised using a set of functional roles which encompass
aspects of KBE and knowledge sourcing) described in the
Section 4. Moreover, the outcome of the literature classification
using the functional roles is documented in Section 5.
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