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ABSTRACT

To improve the ever-increasing demands products gk customized, all business activities performed
along the product life cycle must be coordinated efficiently managed along the extended enterpFise
this, enterprise had wanted to retain control dkierwhole product lifecycle especially when thedut is

in use/repair/recycling (End of Life phase). Altlpbuthere have been many previous research workg abo
product lifecycle management in the Beginning ofeLiBOL) and Middle of Life (MOL) phases, few
addressed the End of Life (EOL) phase, in particufathis study, based on Auto-ID combined withhile
multi-agent system technologies, we will try to nope innovation: (a) by minimize the lunch phad®, (
and the involvement of the customer in productiifde (voice of customer).

Keywords: Product Life Cycle Management (PLM), EOL, Innovatitntelligent Product, PEID, Mobile Agent

1. INTRODUCTION There are many projects found in the literature tha
_ ) ] aims to respond the following points: close thedijfcle,

In the actual globally changing business envirortmen define the intelligent product, improve innovatiand
enterprises are in search of new ways of providinginvolvement of the customers. Since there manyarebe
additional value to customers and gain a competitiv interests to address the information gap throutgngits
over their competitors. Enterprises are focusinglobal to gather, analyze and share product related datssa
management of the whole product lifecycles becauseextended enterprise. Growth in this area of resehes
nowadays worldwide economic conditions demand theyaccelerated especially by the maturity and the phar
make process changes to stay competitive. Theseeha reduction in the cost curve technologies such aslirit
characteristics are reflectedfing. 1. Embedded Device Identification (PEID). The potency

The combination between biological and industrial of importance in this field is also demonstrated by
product lifecycle is shown irFig. 1. This figure is  research projects such as (Anke al., 2010) and
adapted from (Ranasinghet al., 2011). Past initiatives commercial activities (BOEING, 2012) aimed at using
intended only at product cost, quality, or timentarket Al (Automatic ldentification) for collecting prodtic
are no longer sufficient to achieve market advamtag related data and developing systems to manage s:d u
The focus today is on innovation (Kiritsis, 2011; data gathered throughout lifecycle.

Framling et al., 2012; Cardilloet al., 2011; Meyer and In this research we combine with two technologies,
Marion, 2012; Xuet al., 2012). In all these research, to multi agents system especially the mobile agentthad
improve innovation throughout companies, the focus PEIDs, to provide more interactivity between allNPL
is on the intelligent product paradigm that it aitns  actors and to add the new level of intelligencehsas
close the product lifecycle between the end of ifel decision making and integrating the end of life ggha
the beginning of life. For this, we focus on the tree main ideas:
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Fig. 1. Combination biological/industrial product life ¢gqPLC)

» Creativity because it is the key of innovation e Supporting the extended enterprise
» Agility because productivity is also the speed &im <« Spanning from concept to end of life of a product o
to market), adaptation of organizations to the plant
quickly change of the environment * Integrating people, processes, business systems and

» Cooperation because the gains lie in the way of information
combining different activities together, even beyon

the walls of each compan
pany In others terms, CIMdata develops the concept of

2 REVIEWSOF RELATED STUDIES PLM as knowledge management by gather, storage,
processing and usage of product associated knowledg
In section 2, we give an overview of related works during the life of a product. there many researclhie
a_nd the technologies behind our proposed archi®ctu rationale PLM strategies for more and more abiliy
First we start with the PLM and closed-loop PLM make better end-of-life decisions and improve ditac
paradigms, next we give some research based getelli o geficiencies or failures in the design or mastiaing
proc;l_ugt, t_henpvlilﬁ/ldlgcuss_thefMA”S and PEIP tdechmeﬂng process (Stark, 2011; Parlikad and McFarlane, 2004)
appiied 'in omain, finally We Introduce our they identified the need to develop a comprehensive
proposition based on the previous concepts. ) )
platform capable of closing the product informatlops
2.1. PLM and Cosed-Loop PLM from manufacture to its eventual end. Other impurta
definition of the PLM given by (Saaksvuori and

Product Lifecycle Management (PLM) is a concept Immonen, 2008) that consider PLM system a

with multiple interpretations. The must common i®at

management the data generated in the whole produc ) X
lifecycle. This concept appeared in the late 1990s€Xxtended enterprises to work together more effelgtiv

moving outside the engineering aspects of a prododt Ranasingheet al. (2011) characterize the life of a
providing a shared platform for creation, orgarimat product into three distinct phases as showrFigq 2:
and dissemination of product-related knowledge s&ro Beginning, middle and end of life.
the extended enterprise.

CliMdata (2013) defines PLM in four important

points: (BOL) refers to the time of activities that takeqé

before an asset begins its useable life

« A strategic business approach that support thes (MOL) refers to the time of activities
collaborative creation, management, disseminations (EOL) refers to the time of activities involving
and use of product definition information recycling and disposal
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Fig. 2. Actors involved in the various stages of a produlife cycle (Ranasinghet al., 2011)
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Fig. 3. The closed-loop product lifecycle management cphce

Closed-Loop PLM Kiritsis (2011) attempts to 2.2.Intelligent Product
extend PLM also to the usage, refurbishing, disposa

and other lifecycle phases that product instanaes g facets, section 1.2 is mainly focused on the caricepind
through. The focus is in the end of lifecycle. This | eyigent products, the t):achnical foundations ahd
proposed ~strategy is based on the emergingachievable goals for the Intelligent Product conasif
technologies, such as RFID, small size sensors ang)e presented as a starting point for developing the
sensor networks or, more generally, Product architecture that assure the closed-loop prodiectycle.
Embedded Information Devices (PEID), a new |Intelligent Products paradigms in (Framlimy al.,
generation of products called intelligent produats 2012) have the capabilities to communicate between
appear. The closed-loop PLM concept showkriig. 2 themselves and with other actors. For this, ligefit
illustrates the technologies to be explored andProducts link the Auto-ID technology to the agent
developed (Kiritsist al., 2008). paradigm and Artificial Intelligence.

In the literature, the Intelligent Products havanm
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McFarlaneet al. (2003), defines five fundamentals definition of Intelligent Products, which adds thew
proprieties for Intelligent Product: level of intelligence by using the mobile agentgahgm.

. Possesses a unique identification 2.3. Technologies Enabling Intelligent Product
* Is capable of communicating effectively with its The concept of intelligent product is formulated

environment (Yang et al., 2009). In this model, each product is
» Can retain or store data about itself equipped with an Intelligent Data Unit. An Intekigt
» Deploys a language to display its features, Data Unit is a hardware device that consists of

production requirements sensors, a controller, memory and data communiecatio
« Is capable of participating in or making decisions interface Fig. 5).

relevant to its own destiny Auto-ID technologies have been used in the

ELIMA (Bodenhoeferet al., 2004) and PROMISE

A product with level 1 product intelligence covers projects. In these projects, the aim is to use -#Dto
point 1 to 3, a product with level 2 product technology to gather dynamic data about product in
intelligence covers all points and is called demisi automatic mannerrg. 3).
oriented (Wonget al., 2002). This intelligent product The idea of Intelligent Products is to seamlesshynect
classification is based on a separation between thehe products (physical world) with their informatio
actual product (physical product) and its inforroati counterpart in information systems e.g. throughraayct
based counterpart. For this, in PLM context the efse  agent as proposed in (Framlieigal ., 2003).
PEID technology is mandatory. )

The fundamental idea behind an Intelligent Product2-4- Multi-Agent Systems

according to (Karkkainele_t al., 2003) is the inside-out Various projects applied the multi-agent system
control of the supply chain deliverables and ofdus 52 4igm to solve different problems in productdifcle

during their lifecycle. For inside-out control ofgalucts, management (simulation, intelligent product, extehd
the products should have: enterprise). Agent technology has already been
considered as an important approach for developing
. . ; industrial distributed systems (Jennings al., 1995;
* Links to |nf(_)rm§1t|0n sources about the product Jennings and Wooldridge, 1998).

across organ_lzanonal borders An information system called the Dialog platform
*  Evenpro-actively (Huvio et al., 2002) that uses ID@URI was initially
developed for tracking products through a suppbitch
A product identification and information linking
concept labeled ID@URI was proposed at Helsinki
University of Technology (Su, 2008; Su and Wu,
2011). DIALOG system is an open source solution

level 9f Intelligence of !ntell_igent Prqd_ucts (Imfpatic_m developed at the Helsinki University of Technology.
handling, Problem notification, Decision makinghist  pa| OG is a natural implementation platform for the

three levels respond to the why question. The s&con pponvSE (Framling et al., 2012). The ID@URI
classification aims to respond on the HOW question, concept and the related DIALOG agent make it

other terms the Iocat_lon of |nteII_|genc_e ('_”t?'“@e possible to query and update product informatioouab
_throu_gh networl_<, Intelligence at object, intelligerem, tangible things over the internet throughout theduoict
intelligent conta|_ner). o ) ) lifecycle. As shown inFig. 6, The DIALOG node
Although various definitions of intelligent prodsct yntains a simple and configurable mapping
have been proposed, we introduce a new definifdh@®  mechanism that defines what messages go to which
notion of Intelligent Product based on mobile agemi  agent(s) and what sender to use for which messages.
inspired by what happens in nature with us as humanthe proprieties such as protocol, message passing
beings and the way we develop intelligence andmechanism, security, are implemented by Agents. For
knowledge. The intelligent product concept illuttdhin this we can say that DIALOG is a “generic” softrea
Fig. 4. In this model, each product is equipped with a  Few of projects founded applied the mobile agent,
PEID such as RFID tag. This is a novel introduced these entire projects use the stationary agenesed if

» Unique identification code

In all this definitions the important is focused on
intelligent aspect, for this the classificationgiven in
(McFarlane et al., 2003). This classification on
intelligent products is divided on two categoriés first
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this paradigm is used it's not in the product dataBy using the intelligent product, the information
management domain (e.g., e-Health, e-Commerce). Focollected on the product end of life phase can lledp
the e-Health, based on Aglets Software Developid@nt designer/manufacturer to improve the design and
(ASDK), a mobile Multi-Agent based, Distributed manufacturing of the products versions and can be
Information Platform (MADIP) for wide-area e-health readily personalized to meet current and future
monitoring are proposed to support the intensivd an customer demands.

distributed nature of wide-area (e.g., national or  To satisfy these requirements, a proposed architect
metropolitan) monitoring environment (Su and Wu, based on PEIDs and mobile multi-agent architecthiag
2011). The same project is developed by using theis developed on JADE allows MAs to work on behdlf o
JADE (Java Agent DEvelopment Framework) platform customer, to collect distributed users’ knowledgetad

(Xu and Bernard, 2010). and to spontaneously inform the use gaps situations
associated PLM actors.
3.OUR APPROACH The components of Mobile Agent model used in our

In the PLM context with the more and more research are illustrated ig. 9.

development of technologies, the companies must :;_Te ::ompletﬁ arc(:mectlire |st,sh0v¥[1l-‘|rg. ]'t]r'] -t”kllls
control his know-how by integrating the product end arcnitecture 1S based on Agents software that ban

of life phase. As shown iRig. 7, the product lifecycle mF’b”e in th_e case of the ex_tende@ enterprise. Five
is composed of three phase: begging of life, micafle ~ Primary architectural features discriminate thegn_mad
life and end of life. We focus on the end of lifegse  architecture: (1) AgentProduct, (2) AgentServic8) (
in this study. According to (Ranasingkeal., 2011)  AgentCustomer,  (4)  Agentimpact ~and  (5)
end of life phase refers to the time of activities Agentknowledge.Figure 10 shows the mobile agent
involving recycling and disposal of the asset aitétas ~ generic implementation level.
finished its use phase of the lifecycle. Furthe®ndn In the literatures, knowledge has various dimerssion
(Kiritsis, 2011) the EOL phase characterized byedie  (Norris et al., 2003; Xuet al., 2012). In our proposed
scenarios (reuse of the product with refurbishimegise  architecture we aim to present a global view ofdpici
of components with disassembly and refurbishing, lifecycle by integrating the end of life. For thithe
material reclamation without disassembly, material knowledge management in this phase is important. We
reclamation with disassembly and, finally, disposih describes below the scenario for creating the kadgé
or without incineration). based on the End of Life phase. We categorize the
In our study we extend the boundaries of the EOL knowledge (1) by the sources (self or collectig), the
phase, we add the phase of use in this phase.ifhefa  mode (tacit or explicit).Table 1 summarizes some
this extension is the involvement of final customer activities and types for knowledge created withire t
Now by using our vision of Intelligent Product, the jnnovation process (non-exhaustive list).
pro_po_sgd architecture can improye innovation by Knowledge and innovation are two closely
optimizing the lunch phase and introduce the newj,ioconnected and mutually dependent concepts.
prOd.UCt generation before the end of the eX'prOdUCtGenerally, the cumulative information/knowledge
version Fig. 7). : o :
; . : . . aenterprise leads to its innovations. Furtloeenthe
The mobile agents used in our architecture can join - : e . .
explicit and tacit knowledge’s (in end of life pleass

and leave the environment without intervention by a. bl 4 tuall tituted: the fome
system administrator. The AgentProduct and theiphalys Inseparap’e and mutually constiuted. (2) the fos
(the explicit information/knowledge) is returned the

product have the same ID and with the advent oDPEI i ; =) X

the AgentProduct is installed on the repair garage,CUStomer by an interactive participation; for thige

recycling enterprise and embedded on physical miodu SUPPOse that the product should offer some sereicels

and servers. The overall proposed architecture isdS the detailed operations/uses for new produce Th

depicted irFig. 8. customer could be informed that some components are
A major challenge in the extended enterprise isheed to be replaced otherwise the product will have

how to access the information that is not storety on many failures. The direct involvement of the custom

locally or at only one server but is distributedtimo provides them access to the suitable informatiod an

or more places. This is also the key technological provides useful information to the manufacture). The

challenge in implementing the proposed architecture second category is the tacit information/knowledge.
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« Agent »
AgentProduct
Attribute
-ID
-Name

-URLSender: String
-URLReceiver: String
-homeLocation: Location

- currentLocation: Location

- previousLocat ion: Location

Operations
+clone ()
+onArrival ()
+run ()
+onDeparture ()
+ge tMylInfo (): AgentDescriptor
+ge tCurrentLocation (): Location
+migrate ((Location)
+send (:Object, :Event)

Fig. 10. Example of a class diagram (implementation level)
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