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Key objective of the communication :

To highlight, then illustrate concretely, the link between
Advance Enterprise Modelling approaches and the current
transition towards Factory of the Future

AGENDA

v' Key ambitions for FoF

v" The place of Product-Service-Systems (PSS) in
the transition

v Enterprise Modelling Method : a pertinent
support to manage the transition ?

v" Modelling and engineering needs for PSS: the
lack of reference model

v' Advances : Iterative Meta-modeliing approach
to generate a generic re-usable model to
support PSS design & engineering
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Iy future for our factories ?

> New consumption modes, customer Intelligence

relationship, user involvement to take in & Technology
charge an increasing individualism of
costumer requirements

> Afull-integrated life-cycle engineering and | |
management vision, covering the whole '
value creation chain of products and
services from the idea to the end-of life

» Strong real-time information exchanges
and interconnectivity among processes, So--vaiig.
objects, persons mediated by new big-data " Bl %{1& ij
capabilities for real-time data treatment -

» Acollective and adaptative intelligence
emerging from the dynamic interconnection Connexion,
among Systems, Objects but also Human- Interoperability
Beings, requiring new organisational abilities & Cooperation
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I C\ber-physical as a central issue for FoF

As a Cyber-Physical Production System, connecting the material and virtual

world

Technologies: C{ber Spaie Functions:

= Sensors & Actuators Breakdown Quality .~ ™ valabilty _ % Communicating &

= Cloud Services —_— Ererc Demand ) Quanksy NEQDU’&‘_'"Q B

= Wireless & Mobile Time Limit - B = Interpreting & Deciding
Com. Resource Energy supoly/ = Configuration & Adjusting

= SelfX Real'Space '/ = Analyzing & Optimizing

= (Standards)

= - [Source : W. Sihn, Fraunhofer

%Q _;;555“" Austria Research GmbH]
e EEH

Supplier Engineering Production Costumer

Mines Telecom Institute develop his national strategy with the French Alliance for
Factory of the Future, on 7 key enabling technologies for FoF

O Digitalisation of the value creation chain (Collaborations: 3DS)
o\o9Y O Automatisation and Cobotic (Collaborations: Gimélec & Symop)
Tech® O Additive Manufacturing (Collaborations: 3DS & CETIM)
0 Advanced Control & Monitoring Technologies (Collaborations: CETIM & CEA)
i U Human and organisational factors of the FoF (Collaborations: CEA & ENSAM)
Sw.s’tau‘\r\ab‘“w O Energy-efficiency for production systems (Collaborations: FIVES)
Q

Advanced Composite Materials (Collaborations: CETIM & ENSAM) ;/
8
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I Froduct-Service-System : a central role

Problem
Solving -
issue

PSS in a cyber-physical world ?
“~ Product-Service-Systems embed the relationship between FoF and the citizen

“~The client is no more reduced to a ‘buyer/consumer’ : he becomes a user, a functionality
consumer, a stakeholder of the value creation process.

@~ PSS enlarge the vision of value creation. Sustainability can emerge from a transformation
of consumer behaviors and provider-consumer relationships
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Servitization requires in-depth change of
I Business model for the industry ...

(Baines et al., 2007) What BM dimensions can be affected ?
Sale of ‘usage’ _ _ _ _
Or even ‘performance’ v Change of innovation and managerial paradigm

v Transition of client-relationship model

‘Servicisation’
Process

'Pfogﬁi::;io”' v' Transformation of economic model & impacting factors

PSS
Systems

v Transition through Digital Technologies

Services
& Products

Products
& Services

v" Change of sustainability management

Services

Products

v" Organisational and process changes

v" Cultural transformation
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Current position Futur position
| state 3
state 2
state 1 <> ———— <.>

Importance <> _ ) Importance

given to : 2 given to

tangible intangible

products services
Oliva & Kallenberg, 2003) ~ =  ===m=c e s e ———————————— >
( g ) Product Offer PSS Offer f/j




How to support the servitization path?

L Avr iceirine Amvinlannnad At NMlinne C©ft Ctinnnna

» Modelling of servitization decision-making system and processes

*  » Evaluation of reliability and risks of failure

» Management of the projects with remediation plans

M

Priorization of decision centers
Candidate for improvement

-

Identification of low reliable
activities within the DC

1

Detailed analysis of the factors
at the origin of reliability

N

weaknesses
1
Specification of remediation
mm 0<F <0.3) i actions plan
e
3 (0,3<F,<0.6) :wm::m-h [
the recycing chain

Deployment of remediation
action plan

rt
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Transition towards PSS => |large variety of Enterprise Modelling needs
+ 1 shared and general need.:

Need of a generic Meta-Model for PSS modelling...

...used as shared basis for mutiple decision-making and design methods
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I - gcneric meta-model : Why ?

_ _ _ (Classification by : Qu et al., 2016)
Visualisation methods Modularity

e

Modeling techniques ~_ 1 ber of <«— Creativity - TRIZ
arge number o

7 PSS-oriented Design <—— System dynamics
Customer Perspective Methods

hich shared concepts and models ~

*****

o prodﬁ%b"’?:ww

E R B (>
S = ”°"””’g°infw%ﬁ?§tion |
= Requirements for

Lack of high level ) A » ztglr?gaerrdlies\éfilo?\f

and general Needs of in-depth Lack of genericity and

ontological point analysis of the re-usability : integration

of viewon PSS.  relationships among all of PSS modelling
PSS modelling concepts concepts in a reference

framework ? ﬁ
. . . . . /
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I \'cta-modelling approach

Mofds
oo ————- L-----------.;' """""""""""" jr————- l ------------- -
. . 1
Real ; Specific ¥ generic :: general |
Organisation : I ¥ |
| I i1 Meta?-Model |
i Model i Meta-Model T _ |
: I :: (Formalism to create |
: I ¥ Meta-Model) |
1 1 U I
: used for: X used for: :i used for: |
. . . . 1 R
i Decision-aid 1! Creation of X Creation of |
1
! support ¥ models ¥ meta-models
1
| | ! | ! 3 |
1 1 U |
1 1 U |
1 1] 1 I I
: I i l
| = :: " ® s ! : |
[T == LT3 Q N T © o : I Metaclass ,Class”, :
: Y 2 _:-: s-my :l o agum e 11 Metarelation ,Relation type" |
i -~ = _* Lw s |: v oo et I : |
1 = 1 1 b 18 At /_\ : Modeling : 1 indirect |
: 9 " = : I 2 Ml .::u ¢ 1 1 model of :
| olewwen ey o s 1 - |
! oy ||pddp h H Class ,Organisational Unit", |
I . 1 S LQ e L >S »Jrgan il
: : I ez ek : I Relation type ,is subordlnaled":
1 sl T ream 1
: :: lestont ted at : : :
: 1 : 1 :

I ? -
. . . . . /
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I (icrative meta-modelling approach

Added-value of the iterative approach:
» Consistent integration of several complementary contextualized contributions
« Keep the meta-model proposal open to improvement by other points of view

Indus. Case Study Added-value for the Metamodel

Basic PSS ‘components’ namely
product and service; manufacturing
activities; organisational actors;

Initial
Literature
INPUT

Initial
Meta-Model

Open
Incremental
Meta-Model

Industrial
case Studies

/A
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Use case 1 - ECOBEL An
SME supplying hospitals

and local communities
with water-efficient
products.

Use case 2 - AUTOMELEC
An SME in the domain of
electrics and automation.

Use case 3 - VALBOM

A group of SMEs
comprised of an
equipment provider for
steel sludge treatment,
steel makers, and steel
smelters.

customer demand;

Specialisation of service;

Introduction of service packages,
contracts, performance evaluation,

and operators;

Specialisation of activity;
introduction of activity group;

generalisation of operator and
organisation actor into performer;

introduction of the ‘role’ in sc

enarios

modelling (to decouple activities

from actors);

p s
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I tcrative meta-modelling procedure

Initial Meta-Model
Use case 1

\Ei/jelution patterns

Consistency checking
Use case 1

F--->

~
7

Use case 2
Conceptual
Meta-Model

{Evolution patterns
v R

Inte/g/rated Meta-l\ﬂfad/el

Conceptual

Metg/é(odel /

plemented Evolution patterns Use case 3
Meta-Model > Conceptual
Meta-Model

/

Some of the evolution patterns...

onsistency checking :

Evolution patterns

Meta-model Genericity: applied when building an
integrated generic meta-model, based on a use case

meta-model.

Meta-model Extension: addition of new concepts in the

meta-model.

Concept generalisation: consists in gathering concepts

sharing common characteristics within a more general

concept.
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Use case 2 ' y/
Integrated Meta-Model
Conceptual Implemented Use case n
Meta-Model Meta-Model | | | e
Integrated Meta-Model
Conceptual Implemented
Meta-Model Meta-Model

=z

MINES
Saint-Etienne




I O\crall structure of the resulting Meta-model

PSS Structural Perspective

Product view

Service view

Activity view

Organisation view

PSS Dynamic Perspective

Offer view

Demand view

Performance view

Scenario view
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I Structural perspective (4 views)

Service View [ |Product View [
Bill Of Material
; Bill Of Mate
Service ‘*n‘\_“ e —
< containg h
1 1. : . Organisation View
Product
1.. < contains < has capability of Performer
i.. n - 1.
Service Type ] $ 43
roullfor> cutpugaf= Product Group
subordinated to = < collaborate with
1 1.
Activity view : [ - |_Organisational Actor | 1.
subsequent = < contzing =
1. - o |1 1. 1.
— External Resource 1. 1. Internal Resource
1 Activity 1
= sub-contracted by < belonas to
1. N\ 1.
performed through >
Manufacturer Operator
Provider Physical Resource
Manufacturing Logistics Activity Service Activity
Activity

2
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I Dynamic perspective (4 views)

Cfer View - - -
Product Service . Service Configuration
Demand view =N -

Service package e

< characterisad by Customer Class F55 Configuration < iz 3 part of contains
Profile : {:
1 1.
1
< from depands on > P55 -

1. I —{3'-" Offer

Demand < fulffils bes==g Contract —l—{} +rame

1
‘% ‘% 1.. <inclades
Performance View _dependson L
|
I A Product Oriented Use Oriented Result Oriented
] Performance Contract Contract Contract
= charactzrizes Indicator
1 1.
= Scenario View L
Activity Performer
mesEunes >
1 . 1. ) 1
Performance Activity performed by > fEEniElg
Dimension
customer of >
! 1 1
= 1. customer of =
1 Role
1. supplier of >
i.
evalates perfiormance of =

)
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I Utilization of the meta-model

PS3M

e e aw HEILS
Explorer - Model groups
Besd ~&0e Tx5| @

=3 Models
1) ETidaintcICML
12 EXAM-Travel
)12 EXERCICES

1) TEStICM

12D TESTIFMA

12D Wali
B) Application processing
B edercice
Qj New maodel

test

Mavigator

d
5] Model Edit View Processtools BOC Management Office Extras  Window Help

Bosaadas

-8 x
nis @FE a@ae B

Modelling
E ) Inprocess
0 o™
® [ p,
= P
—
b—r =3 5
epartment w®
LN \

New model ~ Powere d by ADONIS:Community Edition

U

, BranchOffice \‘ Mr Sni=
&
Vi

Mr B
Mr Mi
N
N Iﬂj
\\
‘///_.PEFf DDD
-

PSS Scenario Modeller : an ADOxx Tool
Qualitative PSS Scenario Modelling is used to support offer
engineering process A

PSS Scenario Modeller added-value:

» Systematic reusable structure for all
information required for offer
engineering

» Structured process of industrial
information collect

» Support to share and visualise PSS
scenario information for all
stakeholders

— Cognitive support to make explicit all pieces of information required for
offer enginering and to help interactions among all design actors.
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I ~urther utilization...expected

PSS Scenario
Modeller

PS3M

Puetsrrar

Strong needs of
contextualisation thus
customisation for the
simulation environment

Rapid customisation based on:
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—

Transfer of industrial
guantitative data
Semi-automatic configuration
of PSS scenarios

PSS Value-
Network Analyser

W ..... = N T

= | |
AT

Simulator

.....

Indicators
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A progressive journey towards industry

I (ransformation

Integrated mﬁ
o)
S PSS Design and

T engineering process
CPS principles

and ontologies

....... e Manage Business Model
Transformations
— [ | \ via servitization

s Dymamie Perspective

PLM and meta- =
models

e T
W g
. i, ]
% A

S

Enterprise
Architectures
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Thank you for
your attention !

Xavier Boucher, boucher@emse.fr
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