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ABSTRACT

In today’s mature markets, customers increasingpeet the highest quality of physical products and
related services. The actual shift from a prodwsspective to an integrated perspective on product
service systems brings the entire product lifecytlendividual products into focus. Accordingly, an
emphasis has to be placed on how to actively captmanage and share product lifecycle information
and data. Information and data, especially deswilthe actual use of a product and/or service, is
considered highly valuable for different stakehaddeOf those stakeholders, the ones involved in
design and development (BOL) of products and sesvican profit most from item specific usage
information and data. As a concept supporting thsks of managing and sharing product lifecycle
information, the so-called Product Avatar represesmn interesting approach to administrate the
communication between Intelligent Products and tsiaikeholders along the product lifecycle. In this
paper, the Product Avatar concept and related damie briefly introduced. Following, a case stutly o
a real life example of a leisure boat lifecyclepresented. Based on this case study, a stakeholder
analysis is conducted focusing on how the mostuamilial stakeholders of the product/service,
especially during the BOL phase (design), may prébm advanced product lifecycle based
information management through the Product Avatar.

1 INTRODUCTION

In today’s globalized and mature markets, custonmengasingly expect physical products and related
information of the highest quality. New developnsebting the entire product lifecycle into focusgdan
with it an increased sensibility regarding issuése lenergy consumption, sustainability, etc.
Accordingly, when developing new products and imprg existing products and services an
emphasis must be placed upon approaches on hoffetiveely capture, actively manage and share
product lifecycle information and data.

The so-called Product Avatar [HRTO6] is an approadhich enables communication between
Intelligent Products amongst each other and th@kebolders. After its initial introduction as a
technical concept, the Product Avatar now revolaesund the idea of individualized digital

counterparts functioning as targeted digital repmé&stions of products; thus enabling stakeholders t
benefit from value-added services built on prodifecycle information generated and shared by
Intelligent Products [WHT12].

During the Middle-of-Life (MOL) phase of a produd, broad variety of data, and consequently
information, can be captured, communicated andedtorhe ready availability of this item-level
information creates potential benefits for processeoughout the product lifecycle. In the Begimain
of-Life phase (BOL) of the product lifecycle speécaily, opportunities are created to continuously
improve future product generations by consideringmilevel MOL information in design,
development and manufacturing processes. Howeweoyder to make use of this information, its
selection and presentation must be individualizegstomized and presented according to the
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stakeholders’ requirements. For example, in the cdslesign processes, this means taking the needs
of design engineers into account; during manufagguthe production planner. In this paper, fifss t
Product Avatar and its three fundamental pillaes iatroduced. Subsequently, how product lifecycle
information can be utilized to support stakeholdrrsh as designers and users during the BOL phases
is illustrated. This is elaborated on using a léalexample of a leisure boat lifecycle to demoatst

the feasibility of the theoretical concept.

2 THE PRODUCT AVATAR CONCEPT AND IT’S THREE PILLARS

The Product Avatar concept describes a distribatetidecentralized approach to the management of
relevant, item-level information throughout a proti lifecycle [HRTO6]. At its core lies the idelatt
each product should have a digital counterpart tychvit is represented towards the different
stakeholders involved throughout its lifecycletie case of Intelligent Products, this may alsormea
the implementation of digital representations tagaother Intelligent Products. Consequently, the
Avatar concept deals with establishing suitablerfiaices towards different types of stakeholder.

The Product Avatar concept builds on the followihgee pillars:

. Product Lifecycle Management (PLM)
. Intelligent Products
. Collaboration of Stakeholders

In the following, the three pillars and the Prodauttar itself are described in more detail.

2.1 Product Lifecycle Management

Literature broadly differentiates marketing and duction engineering perspectives towards the
product lifecycle [S09]. The marketing perspectierds to adopt a sales-oriented view, in which the
lifecycle is divided into the introduction, growtmaturity, saturation and degeneration of a praduct
The product is not seen as a physical thing bug onterms of the degree of its economic success
[MBKO3]. The production engineering perspectivedibere follows [KBX03]. Here, the processes
related to the development, production and distidouof the product are arranged into the BOL
phase. A product’s utilization, service and repadr labeled MOL. Reverse logistics take place & th
End-of-Life (EOL) phase. Closed-loop PLM descrilmas approach to PLM which facilitates the
closing of information loops between the individpabses of the product lifecycle [JKX07]. It airos t
achieve a pervasive availability of relevant pradaformation at any point in the product lifecycle
Furthermore, the concept deals with closing infaromloops between different IT layers, from the
data acquisition, through middleware and knowlelgesformation layers to the business application
layer. In order to do so, the concept propose®rmifft methods of applying information technology
[FBD97; HHT10; JKXO07; K11; JSKO7]. With Closed-lodpLM, a paradigm shift from ,cradle to
grave” to “cradle to cradle” is put forward [PMO09].

In principle, every product has a lifecycle. Maruitaers are increasingly becoming aware of the
benefits inherent in actively managing those litdeg of their products and/or services [S09b]. & t
same time, today's products are becoming increfsiogmplicated. For example, the amount of
component parts is increasing over most domaimaulgneously, development, manufacturing and
usage cycles are accelerating [S09b] and produditeing distributed geographically. These trends
highlight the need for innovative concepts for stauing and handling product related information
efficiently throughout the entire lifecycle.

Product Lifecycle

Beginning of Life Middle of Life m

Figure 16: Phases of the Product Lifecycle

PLM expands on the concept of Product Data ManagefRbM) to include information generated
and used beyond design and manufacturing [PPO811fTBesides merely handling product and
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process related data, PLM also has to take intouatcthe interdependencies of information and
communication between all of the stakeholders wewlin the product lifecycle.

Common graphical representations of the produetyitle encompass the previously introduced three
phases —BOL, MOL and EOL —arranged either in decioc in a linear form (see Fig. 1). The linear
form represents the product lifecycle “from thedteato the grave”. Applications are making use of
modern technological advances. So does e.g., thal seeb offer a number of opportunities for item-
level PLM as Web 2.0-based product information &ition could contribute to the improvement of
the quality of future products [MB11; GY11].

In the next subsection, Intelligent Products ateoduced as they are closely tied to closed-loopI PL
from an information and data management perspective

2.2 Intelligent Products

In this subsection, the so-called Intelligent Paidu(also known as smart products) are briefly
introduced as they are more and more considere&cassity for successfully item-level PLM
application. As mentioned before. closed-loop Pleélies on the pervasive availability of information
throughout the product lifecycle in order to fulfts aims. This is especially difficult in the MCand
EOL phases of the product lifecycle where, unlikeBOL processes such as design, manufacturing
and sales, little data is collected in an organmeainer. The Intelligent Product” concept can suppo
closed-loop PLM by providing a means to collect anchmunicate product data throughout the entire
lifecycle. Intelligent Products are physical progduahich may be transported, processed or used and
which comprise the ability to act in an intelligemianner. McFarlane et al. define the Intelligent
Product as “a physical and information based remtegion of an item [...] which possesses a unique
identification, is capable of communicating effeety with its environment, can retain or store data
about itself, deploys a language to display it$uless, production requirements, etc., and is capaibl
participating in or making decisions relevant ®atvn destiny.” [MSCO03] The degree of intelligence
an Intelligent Product may exhibit varies from slengata processing to complex pro-active behavior
[KHFO3]. Intelligent Products can make use e.g. RFID, sensors and embedded computing
throughout their lifecycles in order to collect @dbr example about their usage, service, maintaman
upgrading, decommissioning and disposal. They ttars contribute significantly to closing the
information loops throughout the product lifecyaled are fundamental to a holistic implementation of
Closed-loop PLM in many types of product.

After in the previous subsection the first twogni#i PLM and Intelligent Products were elaborated, i
the following the stakeholders and their collabweahature along the lifecycle is briefly introddce

2.3 Collaboration of Stakeholders

After the basic understanding of the two pillarsvPind Intelligent Products have been introduced,
stakeholders and their collaboration are presemgdtie third pillar.

In this case, stakeholders are understood asrikpshat interact with or have an interest iredpct
and/or service along its lifecycle. This correspomdth the definition by [AKO8] which defines
stakeholders as persons or groups who have irdesestaims towards a project or enterprise and are
affected by decisions and actions. Stakeholdersirdhrence project decisions to a varying degree,
which may affect the project positively or negalyveStakeholder's acceptance is essential for the
success of a project [AKO08; Z12]. When we applyt ttiathe previously mentioned understanding
within the product lifecycle setting, it becomespagent that an understanding of the different
stakeholders and especially their demands andresgants may be an essential tool for promoting a
successful product and/or service.

In order to derive the requirements and demandsnet stakeholders, there are several tools and
approaches for a stakeholder analysis availabl®][SHowever, there is no direct comparison
available which of those approaches is the mostesstul [MO6]. In the following case study an
approach is used comparing the different stakeh®ldased on their influence and influenceability in
a matrix. This is explained in more detail in tlkspective section.

109 IDE'14|MD - 11



Today, companies are not conducting business om then or isolated from others during
manufacturing, distribution etc. (BOL). During thusage phase this stands true as well. The user
collaborates with a varying number of other stakaérs, starting from the manufacturer to the servic
provider to the insurance company (MOL). And durihg EOL, there are stakeholders like the retail
company looking for a following owner, the dismamgl company, stripping the product for parts or
others involved. All of them are in some way or theo interdependent across lifecycle phases. A
simplified example to illustrate the issue is tb#dwing: information of the service provider (MOL)
essential for a successful sale of the retaileinguhe EOL phase.

2.4 Product Avatar

Closed-loop PLM and Intelligent Products togethmvie the conceptual and technological basis for
a holistic management of item-level product infotioa throughout the product lifecycle. The
stakeholders in the product lifecycle are heteregas and have very different requirements towards
the selection, presentation and use of productyldie data. They include product designers,
manufacturers, sellers, maintenance staff, sepiogiders, recycling operators and, of course, the
actual owner of the product in question. Consedyeatsingle interface to closed-loop PLM data is
not viable and a more flexible approach is requiredroduct Avatar is a distributed approach to the
interaction with and management of item-level pidifecycle information [HRTO6]. It can be
understood as a digital counterpart or set of aligibunterparts, which represents the attributes an
services of a physical product towards the diffestakeholders involved in its lifecycle. This mean
Product Avatar presents different interfaces arively channels depending on who uses it and how.
Stakeholders such as owners, producers, desigreysinteract with the Product Avatar e.g. via
dedicated desktop applications, web pages, or edhpps” tailored to their specific information,
service and interaction needs. Product Avatarsatsminteract with other Product Avatars. This can
be facilitated, for example, by means of web se&sjsoftware agents, common messaging interfaces
such as QMI, or a combination of these. This papauises on the former type of interaction between
human stakeholders and Product Avatars [WHT12].

Before the design and development of the Producatsivfor a specific Intelligent Product,
requirements need to be elicited and analyzed degathow, by which channel, and for whom the
digital counterparts need to be made availables Tiecessitates considering each stakeholder
individually, as they each have their own individueguirements and preferences. In order to achieve
a high level of acceptance for a Product Avatahwudisure boat owners, it needs to be designed
taking into account interaction channels and paradithey are already comfortable with and have
come to expect. At the same time, European bodéddysiare seeking to expand their target market to
attract the younger generations who have grown itip tive Internet — the so-called “digital natives”.
Amongst other considerations, these two factorsen#dcial Network Services such as Facebook an
interesting channel for interacting between boatens and Product Avatars.

Social Network Services such as Facebook boasthases, which are already familiar with their
design, functionality and interaction paradigms.rtk@ermore, the service is an accepted
communication tool, which is used anytime, anywhei@ a plethora of different devices both
stationary and mobile. The Product Avatar concepin essence, inherent to these tools — users of
Social Network Services interact with “avatars’ober users as a matter of course. Thus, it seems a
small step for boat owners who already activelyipi@ate in Social Network Services to also intérac
with their boats and the services, which augmethirgugh the same channel.

In summary, designing a Product Avatar which usepopular Social Network Service as its
interaction channel and conforms to that networikteraction paradigm promises to help users
interact intuitively with it and thus enhance useceptance, immediately leverage the user base for
potential new value-added services augmenting tbdugt, and leverage the in-built multimodality
and mobility for anytime, anywhere interaction wite Product Avatar.
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Figure 2: Digital representation of a product through a Product Avatar [HWT13]

3 CASE STUDY

In order to better illustrate the feasibility ofethitheoretical Product Avatar concept, a short
introduction of an example based on a real cadebeibiven in this section. The use case withia thi
paper is set in the European leisure boat indu3iing. case study is based on a EU funded project
BOMA. The BOMA consortium was driven by leading Bpean boat manufacturers supported by
leading research and industrial partners in thdgief Product Lifecycle Management and Intelligent
Products. BOMA developed services addressing igégit maintenance, sustainability, upgrades and
the used boat market. These services improve algshof the leisure boat lifecycle from enhancing
design processes with knowledge from the entirecyi€le, through the usage phase applying
intelligent maintenance concepts and technologi@siprove safety, reliability and quality to theden
of-life phase by empowering sustainability issuashsas increased reusability, refurbishing andeeus
of used boats and components parts as well asulhienate retirement [BOMA14].

Leisure boat manufacturers have previously focusethe improvement of their products’ quality to
remain competitive in the market. However, with theent, drastic downturn in the boat market they
increasingly recognize the need to additionally easize both the after-sales market and their
customers’ demands for products that are easy keemp environmentally friendly and which offer
added-value services to enhance their boating exmer.

This is especially true for SME (Small and Mediumtétprise) boat manufactures, for whom the
current crisis in the European boat market coristan existential challenge. Servitization offers
these SMEs the opportunity to create revenue sgeamtop of and parallel to their traditional
business strategies. Many already offer serviclegecto boats, for example upgrades to previously
sold boats, maintenance and winter storage. How#wey have hitherto neither focused their business
on nor have they implemented specific conceptsnabkng technologies for these service offers.
Experience in applying these concepts is alreadylae in comparable sectors such automotive or
ship-building. As of today, however, no attempt teen made to transfer that experience to the
leisure boat sector.

3.1 Stakeholders of the leisure boat lifecycle

Leisure boats are complex, high-value consumer ymtsgd which lend themselves easily to
servitization due to their inherent characteristidsey are often produced in small series, desigmed

111 IDE'14|MD - 11



made to order and often unique. Maintenance plagsyarole in safety and ownership costs, the
products can be in use for a considerable time, fanadly, sustainability issues are potential key
advantages on the market. Many stakeholders imethere boat lifecycle besides the manufacturers
and owners can profit from the Product Avatar apphcto servitization presented here. They include
designers and manufacturers (which are both oftart pf the OEM), boat yards, retailers,
maintenance providers, insurance providers, sugplieser (assumed to be the owners in this case),
and in the case of the application of digital segsgj the platform.

3.2 Stakeholder analysis of leisure boat lifecycle

Looking at the stakeholders of the leisure boa&ciitle introduced in the previous subsection, it is
important to understand their impact and influeanghe project, product or service, and at the same
time the influence of the project, product or seevion them. In order to structure the different
stakeholders, a stakeholder analysis was conduttexlgoal was to identify the stakeholders which
are most important concerning the effective utilaa of lifecycle data and information by the Protu
Avatar.

The approach chosen is based on [M06; Z12] andséscon placing the different stakeholders in a
preset matrix where one axis determines the inflaesf the product/service on the stakeholder and
the other axis shows the influence of the stakedtotth the product/service. It is assumed that
stakeholders with high scores in both categories @nsidered the most important and called
playmakers, and are thus focused on in the follgwin
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Figure 17: Stakeholder analysis of leisure boat lifecycle

As shown in Fig.2, the OEM, compromised of designamanufacturers and the users/owners are the
playmakers when it comes to utilizing lifecycle al@nd information of leisure boats by the Product
Avatar. Even so, the OEM also includes manufactyrin the following the main focus is laid on
product development/design.

3.3 Benefit for BOL stakeholders: OEM (designer/man  ufacturer)

Looking into the impact MOL lifecycle data and infeation can have on designers during the BOL
phase, it is apparent that improving the desigonederstanding of the condition of the boats in use
and their customers’ behavior allows them to debiggts on the principle of “fact-based design”.

The MOL “usage” data is generated by technologgaaly available on most boats, such as sensors
built into motors, geographical information genethte.g. by navigation systems, and electronic
systems already connected to the on-board Nf1BAs. Additional data, such as hull stress,

3 National Marine Electronics Association standafatscommunication between marine electronics: NMEA
0180, NMEA 0182, NMEA 0183 and NMEA 2000.
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acceleration and alignment information, was captime UMGS and managed and distributed using a
closed-loop PLM platform [WHT14]. This data was rthealled up by boat designers and
manufacturers via a Product Avatar implemented uperclosed-loop PLM platform.

Having this information and data available allows tesigners to base their work on more accurate
requirements and reduce the often-necessary “dstimiaand resulting over engineering. One
example is the actual usage of a leisure boat ynawr makes use of the powerful engines build in
and is rather driven slowly in close proximity teetharbor.

3.4 Benefit for BOL stakeholders: user/owner

Of the two stakeholders identified as being mogtartant for the objective, the users/owners of the
product/service are deemed to profit more in theeotfphases of the lifecycle. Users may profit
significantly from additional information and sergs based on that during the usage phase (MOL)
(e.g., by connecting with their boat through Soblatwork Services [WHT12]) and during the end of
life (EOL) (e.g., by being able to provide contimgoprove of the boats state for next user). In the
BOL phase the benefit is mostly interdependent ittt of the OEM, as the user profits from design
improvements based on the actual usage of the Asether potential advantage may be that the user
can be involved in the design process at an egalyesthrough the Product Avatar. Being a digital
representation of the boat, the user can followdbsign and manufacture and maybe even make
decisions during those phases based on his oréfrgnce.

4 CONCLUSIONS AND OUTLOOK

In conclusion, it can be said that the Product Avabncept presents significant benefits to (sethct
stakeholders by capturing, managing and distrilguifiecycle information. In this case, the focusswa
on the utilization of MOL usage data during the BOh order to identify the relevant stakeholders
during the BOL phase of the presented case studtakeholder analysis was conducted. Following
this analysis, the resulting benefits for the idfead "most important” stakeholders were briefly
discussed.

Overall, with the fast-paced developments in setsadnnology and ICT, the opportunities to utilize
the treasure of usage information and data atrdiftetimes during the lifecycle steadily increase.
With more available information, the resulting seeg and business opportunities will develop.

However, there are also limitations to be considefgnong those are data security and privacy issues
which must be taken seriously. Furthermore, theenglata and information that is available, the more
important it becomes to develop solid solutionsetficiently manage it. Identifying the relevant
information for specific stakeholders will becomeiacreasing challenge. In the future it will beem
impossible to handle the data streams manually. hMaclearning, artificial intelligence or data
mining approaches will increase in importance.
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