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Abstract: In the traditional software development cycle, ireqments gathering is considered the most critical phase.
Getting the requirements right early has become a daysaftware engineering because the correction of
erroneous or incomplete requirements in latemsarké development phases bees overly expensive. For
product-service systems (PSS), this dagand standard requirements ergiring (RE) approaches are not
appropriate because classical REE@msidered concluded once a prodsetvice is delivered. This paper
proposes a novel framework that enables the custantethe product engineer to co-design smart products
by integrating three novel and advanced technolagiesipport: view-based modelling, visualization and
monitoring, i.e., Product-Oriente@onfiguration Language (PoCL), gamification and Complex Event
Processing (CEP), respectively. These creatfigital-twin” model of the connected ‘smart’ factory of the
future. The framework is formally founded on thevel concept of manufacturing blueprints, which are
formalized knowledge-intensive structures thmbvide the basis for actionable PSS and production
“intelligence” and a move toward more fact-based manufacturing decisions. Implementation and validation
of the proposed framework through real-life case stuatie®ngoing to validate the applicability, utility and
efficacy of the proposed solutions.

1 INTRODUCTION ability to combine the digital-twin approach with
support for smart products, improved processes and

empowerment of human operators is the key to
unlocking the real underlying value of Industry 4.0.

A few recent studies (Sierla et al., 2018; Schluse
et al., 2018; Lu and Xu, 2018; Ameri and Sabbagh,
2016; Nee et al., 2012; Berg and Vance, 2017) have
applied the digital-twin approach and visualization
tools to support product design, production process
monitoring and control, and product services, such as
maintenance. However, these studies still suffer from
severe drawbacks. First, they do not provide an
to overlay the virtual, digital product on top of any integrated and comprehensive digital—tvyin approach
physical product at any stage of production on the to support the complete smart product lifecycle from

factory floor, and analyze its behavior so that product € Stages of requirements elicitation, product design,

designers and engineers can make informed choice§UStomization, and production monitoring. Second,
about materials and processes using visualizationt'€Y 1ack the integration of product, service and

tools, e.g., 3D CAD/CAM tools, during the design Production-related knowledge with —advanced
stages of a digital product and immediately see theVisualization support. Finally, these approaches lack

impact on a physical version of the product. The intuitive user-friendly interfaces that expedite a

Industry 4.0 is progressively transitioning
conventional factories to smart components and smar
machines to enable an ecet®m of connected digital
factories. A key enabler of Industry 4.0 is thgfital-
twin” model of the connected ‘smart’ factory of the
future, where computer-driven systems create a
virtual copy of the physical world and help make
decentralized decisions witinuch higher degree of
accuracy (Grieves, 2014).

The digital-twin approaclenables manufacturers
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particular activity (e.g., product customization), and Project) is performed to validate the applicability,
do not use emergent advanced techniques such assability and efficacy of the proposed solutions.
gamification for improving the user engagement in The remainder of the paper is structured as
different activity. follows: Section 2 discusses related efforts in the

To address the aforementioned limitations in the areas of digital-twin and sualization approaches for
existing works, the research presented in this papemproduction co-design and production process
realizes the digital-twin approach to support the key monitoring. Section 3 presents the proposed PSS co-
phases in the lifecycle of a smart PSS (product- design framework via PoCL, gamification and CEP.
service system). In our é@r work (Papazoglou and This is followed by presenting the current implement-
Elgammal, 2018), we have introduced the PSS tation effortsin Section 4 Finally, Section 5 concludes
lifecycle. It provides a closed monitoring feedback the paper and highlights future work directions.
loop that enables continuous product and service
improvements based on the novel concept of
manufacturing blueprints, which formally captures 2 RELATED WORK
product-service and production-related knowledge
(Papazoglou and Elgammal, 2017; Papazoglou anc\N
Elgammal, _ 2015). Blueprints_ integrate dispersed issues in this paper, that is, digital-twin, and
mangfacturmg dgta from diverse sources 'and visualization platforms for product co-design and
locations, which includes and combines business N

: : X shop floor monitoring.

transactional data and manufacturing operational data
to gain full visibility and control, and provides the . .
basis for production actionable “intelligence”. 2.1 Digital-Twin

The proposed framework considers smart product
ideation and customization, as well as monitoring of its
actual production. The framework consists of an
integrated product designer component and a
monitoring Dashboard, which enables the customer, in
collaboration with the product designer/engineer, to
co-design customized PSSva unique gamification
experience. The user-fridly 3D product designer
component offers a fancy gaming experience during
the product design and customization process. To
enable on demand PSS customization and a customer-
centric approach, the PSS lifecycle supports
complementary stakeholders’ perspectives by making
use of a novel Product-oriented Configuration
Language (PoCL) (Elgammal et al., 2017). Utilizing
PoCL in conjunction with gamification, customers, in
collaboration with product designers, can specify the
desired product and service characteristics. The
monitoring Dashboard displays the products,
machines, sensors and other artefacts in a dedicated
interactive interface, and is able to provide a 3D
representation of the graphical objects. The Dashboard
also serves as a mediator between the shift in-charge or
control room manager / operator, who supervises and
monitors the manufacturing process, and the factory-
floor environment. The monitoring framework utilizes
CEP technology (Etzion and Niblett, 2010), which is
event-based processing athcombines data from
multiple sources, to infer events or patterns that suggest
more complicated circumstances. Implementation and
validation of the proposed framework through a real-
world case study (taken frothe H2020 ICP4Life EU

e consider related studies from the two key research

Tao et al. (2018) proposed a framework that utilizes
the raw data from the physical product and its digital-
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