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h i g h l i g h t s

• A concept of knowledge based virtual representation for manufacturing processes.
• Approach to collect, represent, and store experiences as knowledge representation.
• Experience based manufacturing DNA is proposed, created, and implemented.
• Approach and tools to integrate virtual and physical system.
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a b s t r a c t

Knowledge based support can play a vital role not only in the new fast emerging information and
communication technology based industry, but also in traditional manufacturing. In this regard, several
domain specific research endeavours have taken place in the past with limited success. Thus, there
is a need to develop a flexible domain independent mechanism to capture, store, reuse, and share
manufacturing knowledge. Consequently, innovative research to develop knowledge representation
models of an engineering object and engineering process called Virtual engineering object (VEO) and
Virtual engineering process (VEP) has been carried out and extensively reported. This paper proposes
Virtual engineering factory (VEF), the final phase to create complete virtual manufacturing environment
which would make use of the experience and knowledge involved in the factory at all levels. VEF is
an experience based knowledge representation for a factory encompassing VEP and VEO within it. The
novelty of this approach is that it uses manufacturer’s own previous experience and formal decisions
to collect and expand intelligence for future production. The experience based collective computational
techniques of Set of Experience Knowledge Structure (SOEKS) and Decisional DNA (DDNA) are used to
develop aforesaid models. In this article the concept and architecture of VEF is explained as well as the
integration of all three levels of virtual manufacturing i.e. VEO, VEP and VEF is presented. Furthermore,
a case-study is presented to validate the practical implementation of the proposed concept. The benefits
of this approach are manifold as it creates the environment for collective intelligence of a factory and
enhances effective decision making. The models and research presented here embody the important first
step into developing the future computational setting as required by the emerging next generation of
cyber-physical systems.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

Industrial manufacturing is a complex process involving an
environment characterized by a continuous exchange of myriads
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of data and information. Successful production requires the
capability to design and manufacture a large number of product
variants rapidly and collaboratively, based on design principles [1].
Efficient decision-making processes appear to be the best strategy
to cope successfully with the variable nature of industrial
manufacturing. Thus, practitioners must generate elements that
support effective decision making for manufacturers. One such
element is knowledge-basedmanufacturing. This practise involves
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the organization’s most valuable asset: knowledge. If knowledge
is managed in the right form and the right technology is used,
manufacturers will be able to apply it as a powerful computational
intelligence tool in the quest for efficiency, effectiveness and
competitiveness [2,3].

Manufacturing organizations are seeking knowledge-based
support, not only to meet current market demands, but also
to prepare for future industrial trends [4]. Many knowledge-
based techniques used in the past aimed to organize past,
present and future information [5,6]. Some important objectives
of these techniques include sharing information, forecasting and
generating new knowledge [7–10]. Knowledge-based techniques
used in the past had limited success due to several shortcomings
(e.g., they were time-consuming, and not very intelligent).
Moreover, most of these knowledge systems were designed for
a specific domain, which significantly reduces their applicability
to any other area and makes them less flexible and versatile [11–
14]. They also lack a standard knowledge representation (KR), as
well as the ability to share and exchange information. Further, they
fail to consider formal experience. Therefore, a comprehensive
system that uses domain-independent KR and is able to extract,
compute, and refine existing knowledge is yet to be fully explored
and remains the focus of current research [15–17].

Furthermore, efforts are being made around the world to im-
prove the productivity and efficiency in industrial manufactur-
ing which can be achieved by integrating it with Information and
Communication Technology (ICT). The main objective behind this
integration is to reap the benefits created by the unprecedented
advancement and new opportunities shaped in the field of ICT
[18–20].

Our contribution to the above discussed scenario is based on
the hypothesis that collecting, structuring, storing, and reusing
past manufacturing experience and knowledge can significantly
help in developing an intelligent system capable of optimal
resource management and minimization of waste. Accordingly,
Virtual engineering object (VEO) and Virtual engineering process
(VEP) which are experienced based knowledge representation of
engineering object and process have been already successfully
developed and implemented [21–27]. In this paper, the concept of
intelligent virtual manufacturing system having three broad levels
of VEO, VEP and Virtual engineering factory (VEF) is proposed.

The structure of this paper is as follows: Section 2 gives the
overview and the central idea of the proposed approach. Also, it
deals with the basic concept, architecture and objectives of VEO,
VEP and VEF. In Section 3, a case-study is presented to demonstrate
the implementation of the planned concept and the methodology
to extract experience and to reuse it for decision making. Finally,
Section 4 outlines the potential benefits of this work, conclusions
and future work.

2. Methodology to collect experience for intelligent manufac-
turing

The central aim of this work is to replicate the knowledge
and experience of the manufacturing factory and represent it
virtually. Fig. 1 illustrates this objective. As shown in the figure,
the physical manufacturing scenario can be divided into three
levels: resources, processes, and factory. In the manufacturing
domain, a factory performs various manufacturing processes, and
a process in turn uses different resources. For the complete
KR of a manufacturing system we divided it into three levels;
the first is the resource/object level (VEO), the second is
the process level (VEP) and the third is the factory/system
level (VEF). Thus, a mechanism to store and reuse experience
related to objects, processes and factory working has been
developed. KR models of these levels have been developed both

Fig. 1. Correlation of physical and the virtual manufacturing world.

separately and in conjunction with each other. As outlined in
Section 1, the main aim of this work is to develop a smart
knowledge base platform to enhance industrial manufacturing. KR
of engineering objects, processes, and system will help optimize
assets, machines and whole system, respectively. Critical, effective
and creative decisions can be made based on these intelligent
virtual manufacturing levels.

As depicted in Fig. 1, a VEO is a representation at the
individual object/resource/artefact level, and represents complete
information at the machine level such as machining parameters,
tolerances, and surface conditions. The VEP deals with information
at the process or shop-floor level, such as operation sequences,
process parameters, time, and cost. The VEF stores the experience
and formal decisions related to various aspects at the system
level, such as material handling, storage, quality control, and
transportation. Besides representing knowledge at the factory
level, the VEF also contains VEOs and VEPs. The combination
of VEOs, VEPs and the VEF constitutes the virtual industrial
manufacturing platform.

However, industrial manufacturing is a highly complex, cre-
ative, and knowledge intensive process involving collaborative
information exchange from various sources which changes with
changing production conditions. Therefore, for representing such
dynamic environment a flexible knowledge structure capable of
handling varying nature of parameters at each level is required.
The powerful knowledge representation structure facilitating ex-
perience based intelligence of Set of experience knowledge struc-
ture (SOEKS) and Decisional DNA (DDNA) is used as the techno-
logical base for this work. SOEKS-DDNA [28–32] is a unique and
single structure for collecting, storing, improving, and reusing ex-
perience of intelligent decision-making. SOEKS is composed of
variables, functions, constraints and rules associated in a DNA
shape permitting the development of the Decisional DNA of an
organization which embodies its collective intelligence. Variables
normally implicate representing knowledge using an attribute-
value language (i.e. by a vector of variables and values), and they
are the centre root of the structure and the starting point for the
SOEKS. Functions represent relationships between a set of input
variables and a dependent variable; moreover, functions can be
applied for reasoning about optimal states. Constraints are an-
other way of associations among the variables. They are restric-
tions of the feasible solutions, limitations of possibilities in a de-
cision event, and factors that restrict the performance of a system.
Finally, rules are relationships between a consequence and a condi-
tion linked by the logical statements IF-THEN-ELSE. They are con-
ditional relationships that control the universe of variables.

Decisional DNA (DDNA) is a metaphor related to natural DNA
and the way it transmits genetic information and knowledge
among individuals through time. The Decisional DNA consists of
stored experienced decision events (i.e. experiential knowledge)
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