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ABSTRACT

Today, within the global Product Lifecycle Managerne
(PLM) approach, success of design, industrializatiand
production activities depends on the ability to e
interaction between information systems that hansieh
activities. Enterprises deploy mainly PLM systenmteprise
Resource Planning system (ERP) and Manufacturiregiion
System (MES) in order to manage sufficient prodetated
information and provide better customer-productsisTpaper
proposes a methodological approach to improve tladity of
data exchanged between engineering and produciibis
involves the integration among information systesspecially
the PLM-MES integration. Thus, the proposed apgi@ams to
overcome the problem of data heterogeneity by mimgoa
mediation system resolving syntactic and semarmidlicts of
data managed by these systems.

Keyword words. data quality, PLM, MES, integration,
mediation system, web service.

1. INTRODUCTION

In an extended enterprise context,
demanding more  customization and
Information Systems (IS) are proliferating at aor@asing rate
and the product life cycle is getting shorter. Enéactors imply
permanent product data changes happen in the delsige and
the industrialization phase. For the bulk of chang®me lead

to redesign within the same product and others teadew
product versions creation. The data related toethgwanges
should be transmitted quickly to production in artle ensure
the product manufacturing using the right versioforimation.
This data exchange between engineering and praaducti
involves quality improvement of the exchanged data:
interpretation, accessibility, completeness andhiness. These
interactions between engineering and productiorparéormed
by the dedicated IS.

The ERP had emerged as the enterprise managensénsynd
as the heart of the enterprise information systéin This
system focus mainly on managing customer ordersgsses by
orchestrating all company’s activities (commercifhancial,
purchasing, logistics, production, etc.) [2]. Howgvover the
last decade, the emergence of the PLM concept iagsdco
the development of PLM support applications haveegated
multiple evolutions in the enterprises informatisystems. To
meet the specific needs of each enterprise’s &e8yithe
integration of information systems required forsheactivities
has been gradually realized. For instance, the lderent of

customers are information systems for controlling production (MES] led to
responsiveness, the standardization by the ISA 95 - IEC 62264 stadaf MES

functions and data structure exchanged between BRP
MES. This standard aims to enhance the integraifoMES
and ERP whose vendors are generally different 3. we
mentioned earlier, at that time, the PLM systermdd yet
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mature. Thus, the IEC 62264 was focused on a wértic
collaboration from ERP to production. Based on #tendard,
the product-related data are needed for productianagement
such as Bill Of Materials (BOM). For production ptang and
scheduling, product-related data are recorded i HRP
system. Moreover, the product-related data for petidn such
as work instructions and for production operatoes recorded
in the MES. Nowadays, the deployment of PLM sohsdio
challenges these choices and leads companies ¢finedhe
borders of existing information systems (ERP and
MES). However, the duration and deploying cost bése
systems lead enterprises to limit changes to egissystems
when deploying a PLM system. Thus, according to the
enterprise strategy and the history of its infoioratsystem
(chronology of deployment of various informatiorsgms), the
same information can be stored in more than orarrimdtion
systems. As revealed by the study "Integrating EeM
Ecosystem" conducted by Aberdeen Group in April 205]
based on a survey of 260 companies, the "manufagtur
processes" of a product is stored 15% in PLM, 36%é¢ ERP,
23% in the MES and finally even more surprising 2&%
another system or not! These different solutions gooduct-
related data storage reveal the absence of seriaia
management and monitoring of processes that generath
data. Therefore, there is a challenge of abseneecohtinuous
product-related data flow from design to productibhis
situation limits the visibility of product data avethe
production. This limitation is due to the delayeaital update
and to the communication of partial data to proiguctin order
to tackle these challenges, it seems importantttolysthe
interaction between PLM and production managenigm.first
part aims to clarify the issue addressed in thjgeparhe main
characteristic of this issue is to address a probtd three
nested information systems. In the next sectionamalysis of
different life cycles (product object, product @mste,
manufacturing system and purchase order) includihg
production stage, which is the intersection of ¢hife cycles,
lead to classify these life cycles processes intwr f
categories. A comparison with the current coverafgaocesses
by the existing IS (PLM, ERP and MES) leads firsdyconfirm
the current trend of PLM solutions evolution to the
industrialization stage but also to define bordamsong these
three systems. A study of interactions among tleegsses of
various life cycles led to propose integration #@sztture of the
three information systems. Following this analysfse fourth
part focuses on the integration between PLM and M&Sally,
we describe the proposed mediation system and welice
architecture.

2. INTERACTIONS AMONG LIFECYCLES

Nowadays, the concept of digital manufacturing rsffe
from design to industrialization, several computaols based
on digital 3D models for simulation (simulation wiachining,
analysis of ergonomics, shop floor simulation, )estich as the
solutions proposed by DELMIA and based on CATIA ¢Beault

Systems). This tendency has already been startedrbg PLM
vendors such as PTC that includes the MPM module
(Manufacturing Process Management) to include, iwittme
PLM solution, the industrialization stage [6]. Thube data
handled by the PLM solution will be required foroguction
management: Manufacturing Bill of Materials (MBOMQr
Materials Requirements Planning (MRP) and manufagju
process, and other data required directly in thap dtoor for
the product manufacturing (MBOM, manufacturing @ss
programs of machines, work instructions and macikseiep).
Therefore, from the need for conventional integratof two
information systems, PLM-ERP on one side and ERFSNME
another side, the problem that appears is thermtieg of these
three IS. The integration of these three informmatystems is
variable depending on the selected solutions andreu
because sometime one same data may be generatego by
systems. Finally, this integration depends alsathen product
type that can be customized and manufactured ttomes's
request or, conversely, be manufactured from stdbks, this
research work aimed to propose architecture foegnating
these three systems. The first stage of this worisists on a
life cycle analysis by focusing only on the excheshgdata
without taking into account the product and its awipon the
frequency and timing of data exchanges. The secindy
based on a classification of products in five categg leads,
firstly, to evaluate the frequency of data exclemngnd thus
classify the exchanges needed to be automateddacgdo the
product, and secondly to identify two data exchaswggnarios
The research on the interactions among PLM, prdoluct
management and production is based on a detailety if
different life cycles. Thus, two different concepfsproduct are
distinguished: product object and product instafi¢e product
object is a virtual product or digital product, Whthe product
instance is a physical product delivered to custorf@.
Therefore, we distinguished one life cycle related each
product type [8] [9]. Two other life cycles relatéd product
manufacturing are studied: manufacturing systeendifcle and
purchase order life cycle.

2.1. PRODUCT INSTANCE LIFECYCLE

The product instance lifecycle consists of thresges:
manufacturing, use and elimination. In the caserofducing
multiple product instances, the life cycles of eiéfint product
instances are shifted in time: at the instawhen the instance
is manufactured, the instaneeis used. Usually, the period of
product use varies depending on product robustrcessumer
behavior and use conditions.

2.2. PRODUCT OBJECT LIFECYCLE

The product object lifecycle consists of four stag#esign,
industrialization, marketing and withdrawal from nket [9].
Product object design is performed by designensguseveral
tools such as CAD tool (Computer Aided Design). dh&a and
processes generated, during this stage, are intgdas
supported by PLM solutions. At the end of this stageveral
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data and documents will be generated such as EBOAD

model and product configurations. The second stEigéhe

object lifecycle is the industrialization. Durindnig stage,
manufacturing engineers perform the manufacturingcess,
the MBOM (Manufacturing BOM), work instructions feach
operation and machine setup for each of the madnideshop
floor programs for machines and robots, etc. Tlrel thtage is
making the product on the market. The duratiorhtf stage is
the period where the product is offered in the logtand the
customer can buy it. The final stage is the with@dafrom the
market. During this stage, it can be decided eitheenhance
the product to better meet market demands, or ginpl
abandon the product.

2.3. MANUFACTURING SYSTEM LIFECYCLE

We consider that a manufacturing system is itsglfcaluct
that has the distinction of being manufactured sirgle copy.
For this product category, its life-cycle includesly four
stages: design, manufacturing, use and eliminafibthe stage
of the product object industrialization whose insts are
created by using the manufacturing system, the ymtod
manufacturing process and the manufacturing system
architecture are extremely linked.

2.4. PURCHASE ORDER LIFECYCLE
Nowadays, companies are looking to minimize their

inventories and to produce in approaching the qonog"Just-
in-time". In this context, customer orders manag&nie an
essential element for production. Therefore, taking account
the purchase order lifecycle is essential in thelystof the
production. It consists of four main stages: treatin
preparation, delivery and billing.

To synthesize, the analysis of previous lifecycesals that the
production process is a meeting point of theseyiftes. The
production can be defined as an instantiation ofipct object
by using the manufacturing system in order to noestomer
orders. Indeed, after the identification of theqasses of each
life cycle, a classification of these processescasried out
according to two criteria: process type and proocestput.
Thus, we distinguished four categories of proce§kaisle 1).

TABLE 1. CLASSIFICATION OF PROCESSES

Certain Uncertain

Purchase order
(Treatment, Billing)

Product object
(Design, Industrialization, Marketing, Withdrawal from market)
Manufacturing system
(Design)

Data

Product instance
(Use, Elimination )
Manufacturing system
(Elimination)

Product instance
(Manufacturing)
Manufacturing system
(Use, Manufacturing)
Purchase order
(Preparation, Delivery )

Physical effect

The first criterion is the process type: certainuocertain. A
process is certain when its duration and outputka@wvn a
priori. For instance, the production time of alleogtions are
known a priori in case of absence of machinesradulack of
personnel, etc. In the case of an uncertain procastput
and/or duration are not known a priori. This istjgatarly the
case of design processes of product object whas#t is never
known and whose duration is very difficult to assaspriori.
The product use process is also uncertain becadseénds on
user behavior.

The second criterion is the process output: datglysical
effect. For example, the object design processrgée®eonly a
virtual data. In the other hand, the manufacturprgcess
generates physical products. From these two a@ijteii is
possible to define four categories of processesa-Qartain,
Data-Uncertain, Physical effect-Certain and Physiffect-
Uncertain.

2.5. PROCESSES COVERAGE PERFORMED BY IS

After processes classification, we have identifieel actual
coverage of processes by current information systéPhM,
ERP and MES). In fact, the current processes cgeetsing
the PLM, the ERP and the MES, is limited. The psses
which are not covered by these systems are hantedally or
using other systems. Consequently, PLM system &ippiend
to provide solutions that manage all processes @moduct-
related data at all life cycle stages. Becausé®fstmilarity of
the nature of design and industrialization procgstieere is a
tendency today to manage these two stages by thedystem.
These solutions are based on the development @hldigols
for design and are adequate to support the whodgtadi
manufacturing using data generated during desigd an
industrialization processes. For instance, the neoMPMLink
proposed by PTC can generate more industrializadita by
focusing on the management of the industrializafiwocess.
This solution is available as a module added tcctive of PLM
solution WindChill [6]. However, in most current stgms
proposed on the market, a part of the industriainaprocess,
the whole of marketing process and withdrawal ftbenmarket
process are no longer managed by PLM systems.der do
address this gap between current and required ageemwe
proposed a solution that allocates the data-cepainesses to
ERP system, data-uncertain processes to PLM systedh
physical effect-certain processes to the MES sy¢Em 1).

This definition of functional perimeters of differtelS added to
the identification of interactions among processdew the
identification of interactions among PLM, ERP andE# The
IS integrations study will be presented in the reedtion.
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3. INFORMATION SYSTEMS INTEGRATIONS

In modern manufacturing companies, PLM, ERP and MES
are typically deployed to manage manufacturing aiiens.
The integrations between these systems depend yn@inthe
manufacturing domain.

3.1. ARCHITECTURE BASED ON ERP-MES INTEGRATION
The architecture based on ERP-MES integration is a
classic architecture deployed mainly in continubatth
manufacturing. These manufacturing domains (food,
pharmaceutical, chemical, etc.) are characterized b
 The traceability constraint normalized by strict
standards.
* A high automated system that facilitates data
acquisition on the production system status.
e Simple implementation of performance analysis
function.
* A single production system widely used to produce
many products by changing the recipe. Thus, the

geometric representations. However, the recipegtxity, its
numbers and the high variants number lead PLM ventiobe
interested to the continuous/batch manufacturitngs fendency
is especially based on the deployment of changeagament
processes.

On the basis of the discussion above, it can beladed that
the problem of ERP-MES architecture is the absef@eoduct
data management systems. In addition, in this tectire, the
data quality is weak because several data (prografms
machines, work instructions and machine setup}raresmitted
manually to the shop floor using the MES.

3.1. ARCHITECTURE BASED ON PLM-ERP INTEGRATION

The architecture based on PLM-ERP integration is a
classic architecture deployed mainly in discretenuf@cturing
(Automobile, Aerospace, Electronics, etc.) whiche ar
characterized by:

* The use of the PDM systems that naturally evoleed t
PLM systems.

e Significant evolution of PLM systems allowing
mechanical assemblies of various parts modeled via
CAD tools.

» Varies automation according to companies’ capgbilit
(from not to fully automated).

A problem of acquiring production system status
information

» Little tracking constraints.

» The use of ERP systems including the production
management module. This module is usually sufficien
to control the production but without any real coht
of performed manufacturing operations.

In fact, several enterprises typically integrateMPand ERP to

emergence of a need to manage production changesensure the consistency and use of product/shop fielated

and parameters transmission (quality, volume, .etc.)
Thus, the deployment of MES in this manufacturimgndin is
essential. Such systems include the productionkitrge
performance analysis and production control systdors
batch/continuous manufacturing.
The architecture based on ERP-MES integration use t
specifications of IEC 62264 standards to exchanfmration
between enterprise systems and control system wtitho
unnecessary time delays in order to optimize thedgetion
[10]. This standard provides the potential to sifgpthe
deployment of ERP-MES integration. Data exchangetvéen
ERP and MES can be structured in UML models. Thiskws
the basis for the development of standard intesfametween
ERP and MES [4]. For instance, Business to Manufaw
Markup Language (B2MML) is a set of XML schemas,
corresponding to the IEC 62264 object models, uitento be
used for data exchange between ERP and MES [10].

Part of the history of PLM systems strongly assedawith
CAD tools, these systems are still little used ihist
manufacturing domain where the products do notllyshave

information throughout the enterprise and to usenroon
product-related data and processes [11].

To synthesize, all these characteristics enableplemetration of
MES systems in discrete manufacturing. However, tipial
product versions, more flexible production systeams the
need for realistic performance indicators lead toe t
development of MES for discrete manufacturing. tdition,
the data quality in this architecture is weak beeageveral data
(programs of machines, work instructions and mazlsatup)
are transmitted manually to the shop floor.

On the basis of the discussion above, it can beleded that
companies need to deploy PLM, ERP and MES in tlmeesa
time. These deployments are usually successive towerand
led to different changes. Therefore, the new aechire
composed of PLM, ERP and MES leads companies &fined
boundaries of each system because the productdelat
information may need to flow across these boundas&veral
times. In fact, ERP system, as the only system camicating
with MES, is unable to store and transmit all prctehelated
data received from PLM for the MES. This inabilisydue to its
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data structure not expected to support detailediymtodata.

Therefore PLM-MES integration becomes more and more

required in these kinds of architectures. The gdrfeamework
of data exchange among PLM, ERP and MES systesi®isn

in Fig. 2 [12].
MBOM

Manufacturing processes
Work instructions
Machine setup
Programs of machines

Product
MBOM
Manufacturing processes

Products costs

production status Manufacturing orders

(Quantities, failures, etc.)

Production status
(Manufacturingconstraints, etc.)

Detailed manufacturing ordersl TDetaiIed production status

e

Shop Floor

FIGURE 2. DATA EXCHANGE AMONG PLM, ERP AND MES

3.2. PLM-MES INTEGRATION
As we mentioned, this research work focuses maimly
PLM-MES integration. In this context, we identifitie data to

be exchanged between PLM and MES. By focusing @n th

product manufacturing, there are five data categotfiat have
been identified [12]: MBOM, manufacturing processork
instructions, machine setup and programs of mashifibese

data have to be communicated to the MES from PLM. |

another side, the MES should be able to communitatéhe

PLM, production status (manufacturing constraiets,).

In our proposal, data related to the manufacturkiygtem
(machines, labor, materials, etc.) should be stareimanaged
into PLM system. In the other hand, the MES maie gystem
transforms the digital product into a physical prod

Nevertheless, it plays the opposite role of feedkivg the

production status information to PLM and ERP tobdaahe

generation of performance indicators in order tprione future
versions of the product information [13].

In fact, five interaction scenarios based on thedpct type
have been proposed. The interaction frequency ankirdg,

ERP and MES varies depending on the degree of ptodu

customization. In fact, manufactured products carclassified
into five major categories: contract product sushbaidges,
engineer-to-order such as aircraft and yachts igorg-to-order
such as laptops, assemble-to-order such as carassedble-
to-stock such as cell phones. Due to the differemdethe five
interactions, we propose to define the characteigteach one:

» Contract product: the production of this product

exchanges between PLM and ERP in order to take
into account each customer need within design
works.

* Engineer-to-order: this is a high customized
product. The production of this product is
characterized by a high frequency of product data
modification, a low volume of production and a
high variance of product. The use of PLM system is
very important in the design and industrialization
stages; consequently, PLM-MES interaction is
essential to ensure the passage of production
information to MES.

» Configure-to-order: The interaction among PLM,
ERP and MES in the case of producing this product
led to use the ERP system to perform several
calculations based on configuration rules defined
within product design stage. Thus, the product
customizing is realized only after product
production.

» Assemble-to-order: the enterprise produces the
same product for long periods of time. In that case
the frequency of product data modification is low.
The interaction among PLM, ERP and MES is
characterized by an important data exchange
between ERP and MES enabling product
production depending on the order to assemble.

* Assemble-to-stock: Same as assemble-to-order
products, the frequency of product data

modification is low.
4. INTEGRATION SYSTEM

4.1. MAPPING OF ONTOLOGIES

At this stage of our research, the main objectvi® idesign
a mediation system based on ontologies. This systens to
resolve syntactic and semantic data conflicts. Goiewve this
goal, we chose a multi-ontology approach for iraign. In
this approach, each information source has its dagal
ontology which can be enhanced from existing omfigl®. The
PLM ontology is inspired by the Core Product Mo¢ePM)
[14] and TOrento Virtual Enterprise ontology mod@éOVE)
[15]. The MES ontology is inspired by the ADAptiv®lonic
COntrol aRchitecture for distributed manufacturisgstems
model (ADACOR) [16] and The Almost Perfect Approatch
Scheduling (TAPAS) [17]. Both ontologies (PLM andER)) are
inter-linked using formalized mappings, definingresponding
elements of the source ontologies [18]. For thispective, we
have developed a mapping based on the combinafidwoo
methods of similarities calculation. The first madh called
LESK method [19], is a method for calculating setitan

leads to develop specific information system similarities. In this method, the similarities aalltion is done

managing its development stages. However in the
case of using PLM, ERP and MES, the interactions
among these systems require multiple data

through consulting the WordNet [20] lexical dictag. After
sense disambiguation, WordNet provides synonymsthef
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compared elements. The similarity depends on thebeu of
synonyms in common. Inspired by the method of datmg of
Poulain [22], the calculation of semantic simikatitased on the
comparison of synonyms is:

ilnm.xm_lLrsk[Eynp LMisSYnPRO; )T F} max(_y Lesk{Synppoi Synpra;)

SimLesk(Eprar, Epro) =

n+m

(Lesk (SynpLMi, SynPRrROj) is the value of Lesk method for
synonyms:SynpPLMi and SynPROj, h and m correspond to the
number of semantic terms associate&rom andEPRO.

The second method is based on the Edit Distane® (al
known as Levenshtein Distance [22]). We used theshshtein
distance to calculate the syntactic similarity kesw two
ontology elements:

Dist Leven(1y,T5)
nbmoy

Leven(Ty,T2) =1 —
(Leven (T1, T2) corresponds to the value of Levenshtein
distance between T1 and ,Tidbmoy is the average of number

of characters of the two ternid andT2).

The calculation of final syntactic similarity is:

Yk = max;_ Leven(Tppap:. Tproj) +3 0 maxl_, Leven(Tpro: i)
n+m

SimLeven(Eppy. Eppo) =

(Leven (TPLMi, TPRO]) corresponds to the similarity value for
the termsTpPLMi andTPROj calculated using the above formula,
n and m respectively correspond to the number of syntactic
terms associated witiPLM andEPRO).

The combination of both methods allow us to caleutae
similarities among ontological elements even ifedeament is
not identified in Wordnet. After the identificatiaf ontological
similarities between two elements, data integratieifi be
realised through matching data sources with thgetadata
(Figure 3).

T2
T2 | 2]

Data mtegratlon
n

PEMN .

=
4 %

Tn

PLM Ontology MES On(nIOZY

Mappmg @ MES

Produc non \

Existing ontologies on production

au ic enrichment: Semantic en Ime

Fushitéing

&

Existing ontologies on engineering

FIGURE 3. DEVELOPED MEDIATION SYSTEM

4.2. WEB SERVICES USE

The proposed architecture uses data exchange lmsed
Internet technologies to help companies, especitlyanded
companies which manage a multi-site production, take
advantage of opportunities generated by the Webicsr. The
concept of "web service" means an application whish
designed to support interoperable machine-to-machin
interactions over a network, according to the didin of W3C.

A web service is available on Internet by a serypiczvider and
accessible by clients through standard Internetopods [23]
[24]. Web services are independent from programming
languages, object model as well as platforms for
implementation [25] [26].

In the developed PLM-MES integration platform, teta
exchange is realized using web services using XNis.f
Finally, we developed a web service for each dathanged
between PLM and MES: MBOM, manufacturing processskw
instruction, machine setup and programs of machines

4. CONCLUSION

The need for a more effective solution supporting
interactions among design, industrialization anddpction
teams is clearly stated by academics and praciton
worldwide. This interaction involves the data exulp@ among
several information systems mainly used by a hugeber of
enterprises all over the world, i.e. PLM, ERP anB3 In this
paper, by analyzing the problem mainly on the datehange
between the PLM and MES systems, the technologivélnon-
technological difficulties in the exchange, we segfgd an ideal
distribution of role of each system (PLM, ERP, aMES) and
some data exchange models based on a life cyclgsanand
depending on product type. These models enabletasBLM-
MES integration. This integration is important t@mage data
consistency and to avoid passing data in paperdommich
generate a lot of typing errors [27]. It shows sgmossibility
for enterprises to realize the information inteignraf the PLM
and MES systems to support the collaborative produc
development.
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