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* Physical assets, IloT etc. e Data visualization e Model-based analysis Ie Complex & unpredicted
e Connect data sources e Monitoring platform e Machine/Deep learning behaylors .
e Collect, aggregate, explore | e Statistical analysis e Prediction/recommendation | * Senglr}g &r easoning

:o Decision-making etc.
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The new context: Circular Economy

extractin_g th e
raw materials C-I rcu lar
economy

parts supply

recycle
manufactu harvesting

/ngu rbish

distribution

incineration
& landfill

Source http://www.zerowastemontenegro.me/circular-economy

Extraction == Raw Materials
Material # Reduce material inputs
Supply Chain = Replace with renewable materials
Design & =4 Design for quality, durability and
Manufacture longevity
&= Use safe chemistry and healthy
materials
Distribution O Reuse
&Use
O Repair
O Rent&resell
End of () Remanufacture
first file
Recycle
Disposal == Waste to landfill

Source: WMF Report 2021
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uic:  The emergence of Product Embedded Information Devices

XL

X

EPFL =

- Sensors (sensing)

- Memory chips (memory)

- Micro-processors + Software (logic)

- Barcodes, RFID, ... (identity)

- Bluetooth, WiFi, loT, ... (communication) o~

B Capturing the Meaning of Industrial Data
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*  PROMISE: Closing the lifecycle information loops | e 0
E PFL PEID Pf‘OdUCf/ Asset DO e | - DFX agent
} ?en:ors =3 x In the Cloud
g M?mory m
- Data
A
)
PROMISE “Info |
- - Info request
Wireless comm. - Info
(short distance) - Advice

g Internet
Product lifecycle data/information/knowledge - Semantics s (nk,;gm:is;ance,

- Ubiquitous computing

- Diagnosis
. - - Decision making
(1) Horizontally closed - PLM Agent © EPFL

BOL MOL EOL (2) Vertically closed

Business applications

- Information, Knowledge
- Feedback

Analyzing and knowledge transformation (Middleware)

- Gathering data
- Feedback

Data gathering (PEID)
[ [ 1 [ 1
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EPFL

Industry 4.0 - RAMI 4.0 as enabler of

Closed Loop Lifecycle Management () Horizontally closed

i
C B2, & Va

oy b

Product lifecycle data/information/knowledge

BOL

MOL

EOL

| Business applications

2

(2) Vertically closed

- Information, Knowl
Feedback

Analyzing and knowledge transformation (Niddléware

151.1

| Data gathering (PEID)
[ T 1

Gathering data
Feedback
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It is all about Big Life Cycle Data Transformations °

K » Closed-Loop Life cycle

» Data-Information-Knowledge
Transformations

= Semantic Model-Based Systems
Engineering for Industrial Data Analytics

D, I

Products / \

Assets

«Mode of use,
-Conditions of retirement

and disposal, ===@20 @0l e==T"T T T T=o<_ -
Recovery informanog - -T’mduct usage info., g
. *Failure, W
5 i ~
7 Maintenance, SPFodiicE SEEs, <
4 -Service event . .
e -Recovery information %

_BOL________ wom T T T TT0 It
1 | Design Production MOL EOL

| BIGDATA
2 _&’\ G Service

) R Providers

L]
H
H
L]
H H
! H
. R R Res R
D: Data : H
I: Information ! H
K: Knowledge i E
1 /’\\ /’\\
! Process Process i Process Process
: H
1
1
1
;
H

:  rodue )
/;;ct\ ' Product Product

*Product definition data, ~History data
+Up-to-date product data

lLinkedDesignI ‘actl R REZLK BDOSt O QU[\ LlTY ——— Direct Information flow _ '
BT O ATA FDRTACTORIES Q’ . — — — 9 Indirect Information flow =Assembly/disassembly info.,

=Material info. for reuse
% Control flow

B Capturing the Meaning of Industrial Data

ICT4SM



i) uio:

EPFL
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Data Sharina for Manufacturing

WORLD
ECONOMIC
FORUM

COMMITTED TO
IMPROVING THE STATE
OF THE WORLD

White Paper

Share to Gain:
Unlocking Data Value in
Manufacturing

In collaboration with Boston Consulting Group

January 2020

http://www3.weforum.org/docs/WEF_Share_to_Gain_Report.pdf

ICT4SM



‘ Uio s

=PrL

B Capturing the Meaning of Industrial Data

Data Sharing for Manufacturing o

What is data used for?

Master

Basic
analytics

Where is
data shared?

Inside the factory Company-wide Cross-company

http://www3.weforum.org/docs/WEF_Share_to_Gain_Report.pdf
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Enhance Asset Optimization K

Company A

Company B

A

/ Oy
/OB
I 0
z
\
\

\
N
~

Solution provider

http://www3.weforum.org/docs/WEF_Share_to_Gain_Report.pdf
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vt Connected Factories

Autonomous
Smart Factory

Hyperconnected
Factories

Factory

Circular economy
for manufacturing

Collaborative
product-service

Data spaces
for manufacturing

Artificial Intelligence
for manufacturing

Cybersecurity

12
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Agenda

Role of Data in Circular Economy
Context

Semantic Modelling and MBSE

Cognitive Digital Twin concept

Application case of Airbus

IMF & CDT in new EU projects | onam, iy 2OV

Ml?SEg'
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uio: Systems of Systems: Closed Loop Lifecycle Management
E P F L Manufacturing 2

Manufacturing 1

. Lifecycle VieW: [oT is about managing
all information aboutany
Product/Thing

I, ‘I . information is Distributed OVEr Systems
. g =0 (devices, servers, applications, ...)
cV o Information is Distributed OVer
'”Sta”‘:x Organizations (companies, individuals,
P authorities, ...)
« Product (and its parts) are unique

instances
- How to manage identities, access rights, ...?

Designer 2

Designer1

/nformat/on

§

i<
v

User2

Instance

* 10T should provide necessary capabilities
for Closed Loop Lifecycle
Management

one or many places?
Typelversion/instance-specific?

Recycling
Business idea/plan

loT

14
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Design

=1

r

Knowledge
required for
design
foresight

A

Requirements bFunctionaI b Concept i Embodiment Detailed i
. . : . . process
modeling modeling Design Design Design
nd of Life
Reuse value (L)
Toxicity potential (L)
3-D models (V Use
SketCI’z(Fa,S) Structural V) Service records (L)
User complaints
VO _ Product an[?ly_?es (V,P) L
C&L) Function- Concept architecture G &_ and Failure reports (L, P)
Requirements breakdEWF'," sketches (S,P) detal!ed Installation manuals
Y L,P ¢ Decision S qutigr:) Material drawings (V,L) (L.P)
ouseo e selection | Bill of material (L,S) | Manufacturing
quality trees principles A ) P | LS
(L,P) (L,P) L Material rocess layou (L,S)
’ ’ Ontologies | Mathematical details (L,S) Production .
calculations ; PRI (=
S (S) u (é ) Manufacturing e R e
— ’ processes (L,S,V) Supply log (L, S)
Life cycle Production log (L, S)
analysis (P,L,V)
Mostly Pictorial L
T C Y Mostly Mostly Linguistic
Mostly Linguistic and Pictorial Sympohc_, Virtual & Symbolic
Algorithmic
¢ v v ¥ ! ¥

Knowledge Representation

Legend: (P) pictorial
(S) symbolic

(L) linguistic

(V) vi

Senthil Chandrasegaran, Karthik Ramani, Ram D. Sriram, Imre Horvath, Alain Bernard, Ramy Harik, Wei Gao Th
evolution, challenges, and future of knowledge representation in product design systems

rtual (A) algorithmic

Computer-Aided Design Volume 45, Issue 2, February 2013, Pages 204-228.

15
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Characteristics of Data 1

IR

(%)
Data Source
N9.Ill.t=
o Value
Context
“, Transformation
Interpretation y-'-~-~ N
f Visualisation
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vio:  The Meaning of Data 7
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Body Oven
temperature temperature

Ontologies allow the interpretation of the right meaning of data
Reasoning
Domain disambiguation
Data Silos

B Capturing the Meaning of Industrial Data
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The Meaning of Data

Quality

BFO:000019

isa
inheres in

Material Entity R0O:0000052
BFO:0000040

isa

is about is about
inheres in 1AO:0000136 IAO:0000136

R0O:0000052 —
Object
BFO:0000030 ;
Information

isa Content Entity

IAO:0000030

Value
isa Specification sa
Sensor OBI:0001933
SOSA:Sensor
bearer of

R0O:0000053

Prefixes

BFO: http://purl.obolibrary.org/obo/BFO
1AO: http://purl.obolibrary.org/obo/IAO
OBI: http://purl.obolibrary.org/obo/OBI
RO: http://purl.obolibrary.org/obo/RO
SOSA: http://www.w3.org/ns/sosa/

18
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Ontologies & Big Data

= Challenges:

Data
SOUFCEs

Domain
knowledge

» Scattered data in several sources, systems and

services

« Different actors with multidisciplinary

skills

Semantic modelling

module

Knowledge Graph

Ontology design
(USM)

19

DATA ISLANDS | ..

INFORMATION

WA
'J. OVERLOAD
L

v

Semantically

"« enriched Data Sets

Data Mining+ Analytics module:
on context and on purpose

Reports

Ontology rules
(inference)

ICT4SM



vio: Ontology - Industrial Ontologies Foundry (IOF) l;i': 20

EpFL  https:/www.industrialontologies.org/

= aiming to create a set of open ontologies to support the manufacturing and engineering industry
needs and advance data interoperability

» involves government, industry, academic and standards organizations

IOF Ontologies

Top-Level Ontology

: Machi :
Domain  Materials achines  Assembly Process Domain

Independent  Pps - 01 ele1=0 Specific
Mid-level Reference
Ontology Ontology

SE Industrial Comm
Protocols

PVC Stainless Steel

B Capturing the Meaning of Industrial Data
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Ontology — OntoCommons EcoSystem

https://ontocommons.eu/

for

SPECIFICATIONS building
ontologies

DOMAIN

LEVEL

APPLICATION
LEVEL

ONTOLOGIES

TOOLS

ONTO [z,
COMMONS

for data
documentation

»

/

21
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gF[iO’ Sketch of a Product Life Cycle Ontology Framework ICSE =
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Barry Smith and Dimitris Kiritsis, 2016
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FL IOF Core Ontology 13F

Commercial
Service
Specitication

https://ceur-ws.org/Vol-3240/paper3.pdf
https://github.com/iofoundry/ontology/tree/master/core

B Capturing the Meaning of Industrial Data
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@ - |oF Supply Chain Ontology ICF *
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oo
e —— e

[ CCO: Group of Agents 1 [ IOF: Organization J

A A [ CCO: Intentional Act ]

T |

[ Group of Suppliers ] { IOF: Supplier ] [ Capability to Provide Machining Service ] Prﬂdll(ft
A x Production

1 Has capability Process

| | A
Realized in
¥
Is part of

[ Machining Supplier ] Portipotes { Act of machining ]

Occurrent part of

bearer of

Has function

V v relat."onship) E
[ Machining Service Provider Rolc} [ Machining Function J LAEN

https://ceur-ws.org/Vol-2900/WS5Paper4.pdf
https://github.com/iofoundry/ontology/tree/master/supplychain

ICT4SM
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IOF Maintenance Ontology

Domain-level ontology

Maintenance Reference

Ontology

[e.g. maintenance activity, failed state,

maintenance work order record]

Application ontologies
) informs.
informs—

Maintenance Procedure
Ontology

[e.g. corrective maintenance task,
hazard, maintenance procedure]

infol

rms

Failure Modes & Effects
Ontology

[e.g. failure effect, object in fault state,
failure event]

Maintenance State Ontology

[e.g operating state, degraded state,
failed state, on state, off state]

Maintenance Activity
Ontology

[e.g. replace, repair, inspect, adjust,
service, diagnose, calibrate]

Maintenance Work Order

Ontology

[e.g. work order maintenance type,
labour cost, material cost]

https://qgithub.com/iofoundry/ontology/tree/master/maintenance

IL3F

ICT4SM
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Agenda

Role of Data in Circular Economy
Context

Semantic Modelling and MBSE

Cognitive Digital Twin concept

Application case of Airbus

IMF & CDT in new EU projects | onam, iy 2OV

Ml?SEg'
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Digital Twin - Concept s

Services

= “A Digital Twin is a virtual instance of a
physical system that is continually updated
with the latter’s performance, maintenance, and
health status data throughout the physical
system’s life cycle.” &

connectio:n between
services and data

= Key elements:
* Physical entities .

* Virtual instances

: o
. . ol
. DT data Digital twin &
data & OE
« Services ik
S90S
. U Q9
» Connections &

CN_PV: connection between
physical entities and virtual models

Physical entities Virtual models

B Capturing the Meaning of Industrial Data

Five-dimension digital twin model E
N
P 13

'@ Madni et.al., Leveraging digital twin technology in model-based systems engineering, Systems, 2019 ¢)
v Qi et.al., Enabling technologies and tools for digital twin, Journal of Manufacturing Systems, 2019 —
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Uio s

Digital Twin and its Challenges

Design

Better understa
design for rapid
development

Increased transparency
for more efficient
manufacturing

Empowered decision making for
optimized operation

= High complexity of modern industrial systems

» Heterogeneous DT models corresponding to
+ related systems, subsystems and components
« different lifecycle phases
« different stakeholders, protocols and standards

= Lack of unified platform for integrating all relevant DT models

Madni et.al., Leveraging digital twin technology in model-based systems engineering, Systems, 2019
Fariz Saracevic, IBM, Cognitive Digital Twin, Bosnia Agile Day 2017
https:.//www.nytimes.com/2017/05/03/magazine/a-look-inside-airbuss-epic-assembly-line.html

28
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@ vo: Digital Twin for Products
=PrL

ﬂ‘ﬂ
| OV

, including
mechanics and multi-
physics, electronics
and software
management

Slide produced by SIEMENS-CH

Capturing the Meaning of Industrial Data

vio: RE4DY

https://re4dy.eu/




@ vo: Digital Twin for Production
EPFL

RE4DY
https://re4dy.eu/

! ol \a
G

with PLC code
generation and

virtual
commissioning
=
Slide produced by SIEMENS-CH " fow 5 M

Capturing the Meaning of Industrial Data




%% Digital Twin for Performance
EPFL

Uio ¢ RE‘,_[_)_Y_

MANUFACTURING DATA NETWORKS

https://re4dy.eu/

ﬁ.ﬂ
| W\

with Totally Integrated
Automation.

Slide produced by SIEMENS-CH 5 A )
il B v
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Cognitive Digital Twin N

= Cognitive Digital Twin: a digital representation of a physical system augmented with cognitive
capabilities and enables autonomous activities; comprises semantically interlinked digital
models related to different lifecycle phases; continuously evolves with the physical system
across the entire lifecycle.

Virtual entities Virtual entities
CAD models R o oo
T CAD models e Performance model
- v le—
\\\.\\\\\ Wil i Evolution as lifecycl
‘}\\\ :" - o u_lon_as_niczc ¢ Evoluﬁon_as_lificzcl Evolution as lifecycle
= _FEM___ U
System lifecycle b T =
Information model s
_ CFD Operatiqul model
e
Physical entities Data Performance model b L e
: > 4y Evolution as Efeiyi]: EvoEtiEnisEfeiyilis> Evoluﬂon_as_lifgcxcle
ﬁ Information: Inf — del
< > sn orma"t.lon mode :
[’""-‘ 1
- =
Pl _I
CFD AT | S P >
Ontology for interrélationships | K L8 BN )
between models and physical entitie:s Ontology for interrelationships between
‘ ‘ ! models of virtual entities 0
Operational model § i | |Integrate  Cognitive entities
'SiF \ Integrated Knowledge Graph ]
Ontology m
Digital Twins Cognitive Digital Twins W Ej
https://www.tandfonline.com/doi/full/10.1080/00207543.2021.2014 591 2
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Uio s

= Reference Architecture
» Full lifecycle phases
« System Hierarchy levels
* Functional layers

Knowledge . .
Repository —®»  Cognition Services
models
data
‘ Orchestrator
@ models . Composite Data Model
‘ < data > Services
3 Model Analyzer Service Service
’:2 ‘ ol Model Executor Registry  Analyzer
= ‘g -QM) < data
E S E data-drive  Data-driven Services
Z ‘ < [ | smodels Model Siodels
= Repository numericgl
= models_ Model-based Services
< future data
‘ Metadata
Repository Access Services
rez;l;;r_}ie Data Repository Discovery Services
Pre-processing Services
clean data

Virtual Entities

Cognitive Digital Twin

Cognitive

Twin

Hybrid
Twin

Digital
Twin

al Layers
R

User Interaction

Twin Management

Service Management

Virtual space

Model Management

Data Ingestion/ Processing

Real

Physical Entities

CDT Enablers Knowledge Flow/ Cognition Process

Factory/Supply chain as network of CDTs/

CDT/Factory/ Supply Chain Modelling Gedaaniagn

Identity

«I

Data Streams (operations, external data) New knowledge/ Data streams.

Learning

I«I«I

o0
5
£ Understand Context Map new knowledge into behavior model
]
&
oo
=
[3 Understand future system'’s.
E
§ Simulate and Predict behavior based on new knowledge

Cognition

.

3
2 5
= =
S <]
2 3
> -

Lifecycle
Computation

$ *

Decisions (Optimization)

Optimize system’s behavior

propagation (simulation & prediction)

Manual/Autonomous actuation

Hﬁ

*a Abburu et.al. “COGNITWIN-Hybrid and Cognitive Digital Twins for the Process Industry. 2020
*b Kalaboukas et.al. Implementation of Cognitive Digital Twins in Connected and Agile Supply Networks—An Operational Model. Appl. Sci. 2021, 11, 4103

33
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Application cases
= Multiple lifecycle phases:

Virtual space

Real space

_ Results Service, Reaction
visualization configuration orders

DT system DT assembly DT machine/
design process tools
Decision Process Predictive
support monitoring maintenance
= System model Process model || Machine model

Ontology-based graph database

= Cloud TPES
Database storage
easurement ™ Inspection
__equipment _ stations
Machining Assembly Materials,
stations lines Products etc.

34

Assembly Manufacturing Quality Monitoring/
system design process Predictive
monitorin maintenance
"l

Design &

Development Manufacturing

Operating

Virtual space

ICT4SM QUMNLITY
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Agenda

Role of Data in Circular Economy
Context

Semantic Modelling and MBSE

Cognitive Digital Twin concept

Application case of Airbus

IMF & CDT in new EU projects | onam, iy 2OV

Ml?SEg'
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MAKES MODELS
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uio:  DDMS Supporting System lifecycle in AIRBUS 7
EPFL

AUTHORITATIVE SOURCE of TRUTH
Ontology is used to represent assembly processes and
S0S level ' g
vav

! their virtual models across lifecycle.
'SoS analysis and stakeholder
need identification

REQUIREMENTS

syﬁ'mr‘ ; - ' ion signoffC_ Requirements define the needs of the end users of
— ' industrial systems.

‘ Pmdudliun & calibration
\ Req analysis 3 ignoff

— Softwaredt Piaing ARCHITECTURE

‘ analysis Vay emintegatio y Semantic MBSE is used to implement MOFLP approach

‘ I Arciehicture A caltnatel] for assembly based on ontology.
analysis EE& Medmi_cal components
i integration&testing b
2% s mq“if:nms ; 2D SIMULATION
'%,3 53 a"ﬂﬁsgﬂd ; i Discrete event simulation is used for assembly process
Ve ’ performance evaluation.
3

B O; s?:-% %n-‘%
- 8% 1% i 3D SIMULATION
= Zi% 3¢ 3D factory simulation to verify, validate and optimize
3 o 5 manufacturing alternatives.
= B 8% W
o : Y 2% Implementation
= %% 370
5 3 . TRADE OFF
= - _ Production of Automatic requirement verification is implemented based
e EEUn Bl s on the ontology centric trade off.
o
% Togling Med::-'u?gduc;?:p‘::nem m
8 <
"  DDMS: Digital Design, Manufacturing & Services ‘_J



B Capturing the Meaning of Industrial Data

Y9* QUALITY Airbus Pilot - Context & Objective
=PrL

= Enable an MBSE and collaborative design
process between the Aircraft and Industrial »

System domains.

= Overcome bottlenecks concerning knowledge e "’"

making in the design process.

‘ o
management, interoperability and decision %‘ -
D, s
‘ o

[

i
Left ' Right /

= Use Case: the design process of the Aircraft

fuselage Orbital Joint Process, in the Final
Assembly Line (FAL) to be reconfigured/redesigned
for new industrializations

MVPS5 prototype enables Orbital Joint Process
trade-off analysis, by generating and simulating all
possible design alternatives based on defined
requirement targets.

38
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Frontend

Prototype Functional Architecture

Architect

Requirement Architecture Definition Block

Visualization Block

m Delete

i . = ‘, Proc A
= - Proc B | : |

Management Block (
MOFLP Definition Co-Simulation Visualization
Functions for users " ::ndtjh\ion Pre-Configuration for
— o end

D
lsnﬁtiu’u

Trade Results Visualization

Opt. | I

Status report

Reqt A fulfilled
Reqt B fulfilled

Regt C not fulfilled

Reqt C not fulfilled

Opt. 2 I

Sensitivity factor...

Ergonomic

Pareto-Analysis...
N ys
B

/
\ Archite:
Model

0
Historical |
records

System Integration Block

cture

BM
Behavior Model )

Simulation

Engines

Simulation
and
’ ‘ Reasoning

Verification Block /

DES Simulation | I
results

3D Simulation
results

Ergo Simulation
results

Simulation results

39
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Tool-chain overview

2. OntReq
Functions for users

= <
I

3. MetaGraph 2.0

Architecture models

Middle ware Middie ware
basedon basedon

J

'G. Trade-off
Opt. 1

Opt. 2 I

Sensitivity factor...

seenarod 25111

representation

2D Simulation
results

-

5. Visual Components
Simulation Pre-Configuration
for Backend

Proc A
ProcB [ xxx |

Load Config.
Files

3D Simulation
results

Ergo Simulation
results

Ccsv

Ergonomic

Simulation

40
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Development of application ontology

Legend: e e e e
r : L ,
= = Ontology representation | Requirement and model knowledge \I « Application ontology is developed to capture
/] Digital models I - Discrete Event | domain knowledge, requirement and modelling
Ontology (OWLs) | e - Simulation Model | knowledge.
I = s A ¥ : | * Assembly system application ontology
| MOFLP model “DataFrams | « Requirement ontology
S \
: Requirement Model / /3D Simulation Model : * GOPPRRE ontology (MBSE)
| = = Process model in ||« Three ontologies integrated into the IOF:Core
' Visual C ts® ;
| . S e | middle level ontology.
____\_____-x-\-\-l—__ﬂ
! \
1 \ \ﬂ
© Application ontology Requirement Ontology  GoppPRRE Ontology « Main knowledge sources:
8 based on IOF-core 3 4o L =
s | r— + Documented knowledge
g :j-:g-;JJ + Expert knowledge
2
% @ integrate @ integrate
g IOF-Core middle-level ontology
g
O
|

ICT4SM QUMLITY



Y9 Development of application ontology
EPFL

= Application Ontology o subClassOf

Classes and Individuals of the application case

. . -===9 integrated_to_class e Y
= Hierarchical strategy — ==
= Based on IOF Core & BFO e > e
Domain knowledge ontology Requi ¢
e(;ll:'tlorl%';;“ MBSE ontology
Resource Material %’g&g Quality Process
/\ e \ ~=_|
71\ N =L e .7
\ ~ =l
/ | \ | \ \ =~ e . » o
Basic Formal Ontology AR Lo T 29 ) e
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= Application Ontology

= Main knowledge sources:

Basic Formal Ontology

IOF-CORE Ontology

QUALITY
Domain Ontology

| !

Airbus

Application Ontology

B Capturing the Meaning of Industrial Data

Development of application ontology

Resources

® 540_R_C35 Lowar
Relationships

© hasCostPorUse + 0.00
) hasMaxUnits. 100%

€3 hasOviLR; 0.00
) hasStd Rate &% 0.00

® 540_R_C35 Lower Loft_2
) hasBasoCalonder 24'7 @ S40_R_C35 Lower Right
® 540_R_C35 Rail

C36 Uppar_2

Materials

Lon_1

» S40_M_butistragistringors
V2/36/9/14118 |

® S40 M lemr‘n

® S40_M_Drilling templato

® S40_M_Fixatins LGP/Hi-Lite

/

vodocossors O Maftaceuring Oporati
gocossors @ S4 012 Setin postio

1 xdpostrvotnioger

Knowledge source 1:

Historical Orbital Joint Process

specifications.

Task Naree Dustion Predecessors  Resource Names
 Delling Stringer 417(2) Smins 18 C35 Upper 1
Deinsall LFT 304 ails. 15mins 1931 C3SUpper 1, LTI
+Setup the fixations LGP/Hi-Lite on buttstrap/stringers. Wmins 20 C35Upper 1
the foations LGPH-LS 1/2/3/6/9/14/181ekt
Operations  Finalize remaining serial & partof stringerson 141 e S0mins 21 €35 Upper 1
/2lsfeisy Tomins 2 C35Upper 1
Inspection L2 C35 Upper INT 15mins 23 €35 Upper 1
O © hasOporation 103 P265 DMT/Fiing the bultstraps Le-5, 78,1012, 13 ekt 95mins 24FS+10ming  C35 Upper 1
» 540_R_G35 Lower Loft 1
" 1120186 smins 4 LFT Robot Upper
» $40_R_C35 Lowor Loft_2 ’.:_"_‘“_O’_'"'_"f"_ =i 2350186 15m:ns » o -up:r
» 540_R_C35 Lower Right {OhasOpenation _ _ ¥ 540 by : = "°“‘. i
» S40_R_C35 Rail © hasOperation ) Stringor 4,17(1) 201 mins_1 LFT Robot Upper
» 540_R_C35 Uppar_1 © hasOperation ® $40_015_Camera at stating holes_2 AL s 28 LH fobt Uppr
Piocass 015 Camenn a1 siadng hotes. 1360616 Bmins 23 LFT Robot Upper
10616 s0mins 30 LFT Robot Upper
Material Process Resource Feature/Function Quality
oy
H = i Titgpsssea T
H
i - ] T T
L | g hisoiins do
I :
| My - R, H ey
I Y H
H
fryse— =
+ Technical - Quality L
characteristic * Parameter - Tool condition - Performance parameters s |
& § ion + Setup condition indicator - Design
lectic » Process . iti * Measure data
data. Machine condition specifications

Knowledge source 2:
Domain experts’ knowledge.
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Uio s

Application
ontology »

protégé

»

Graph

databass : System Models

.neodj ‘.[':] MataGraph

2D/3D
Simulation E> Visualization

SimPy

W' VISUAL
COMPONENTS.

automatically
generate new
solutions

Ontology-based architecture design e

= Application ontology imported to graph database neo4;j
to create knowledge graph.

® neo4j + Azure Cloud service

= Knowledge graph serves as the integrated knowledge
hub to connect all function blocks.
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ta T

Import design

» OpenEdit

Ne°4] solutions

Import design
solutions

DES/3D
Simulation

!

Visualization &
Decision support

Transformation between modelling languages & methods

(15 7T I —— = ——

Transform to [
» QWL —zportégenerale , \etaGraph 2.0

GOPPRRE model architecture model
Architecture mode/
generation based on
MOFLP approach

Transform back to

MetaGraph 2.0

GOPPRRE ontology model
[5 =2 . Ll
o 5o = e
2 < : P |
“Q} et 20 et g
= =
DSM table L [ Function | - Logic [l

45

IcTASM QUALITY



Uio s

=PrL

Ontology-based architecture design

= Architecture modeling with MetaGraph 2.0

® Develop Architecture models based on a MOFLP approach
® MOFLP: Mission, Operation, Function, Logic, Physical structure

[ | Capturing»the Meaning of Industri

DSM table [

DSM: Design Structure Matrix
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The QUA4LITY AIRBUS demonstrator

The co-architecture of an aircraft and industrial system means to have in mind
all aspects of making the industrial system the most economic sustainable,

AIRBUS =PrL Z Fraunhofer

»" VISUAL

'COMPONENTS
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B Capturing the Meaning of Industrial Data

Trends and Challenges -

= Knowledge Management
* Knowledge representation
+ Knowledge acquisition
* Knowledge update

= Integration of DT models
* Interoperability issues: cross-domain, cross-lifecycle-phases, multiple stakeholders etc.
» Use of semantic and MBSE technologies as solutions

= Standardization

» Lack of a universal standard

+ Existing options:
= Platform Industrie 4.0 - Asset Administration Shell (AAS)
= ETSI Industry Specification Group (ISG) - Next Generation Service Interfaces-Linked Data (NGSI-LD) APls
= W3C WoT working group - WoT Thing Description (WoT TD)
= IMF
= IDO
= |OF ontologies

= Implementations and Applications
+ Align IMF & CDT in different industrial sectors
 Verify, evaluate, validate and accelerate IMF & CDT developments

ICT4SM
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B Capturing the Meaning of Industrial Data

Agenda

Role of Data in Circular Economy
Context

Semantic Modelling and MBSE

Cognitive Digital Twin concept

Application case of Airbus

IMF & CDT in new EU projects | onam, iy 2OV

Ml?SEg'
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Modelling methodology:

* Model of model incremental approach

Aspect based language for * Preservation of context, then integration

modelling of engineering * Systems thinking: breakdown and topology
solutions * Describing systems using aspects

* Reusable patterns using types

* Exploiting resource libraries

* Exploiting ontologies and semantic technology

* Enabling Al powered reasoning

Faesr @ v N =

READI § K Akersoutons  3ibel equinor SNV S
IMF ISO/IEC standard

IMF Concept paper IMF Version 2.1 IMF DNV RP IEC standar

Q1 2021 Q2 2023 Q1 2024

LCCTON

»
L

Background As-is Interim step Long term objective

o
equinor %<

Type language
for reusable patterns
Language for mapping
to engineering registers
Definition by mapping
to ontology

ID management

and management of
change
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Aspects: principles of system breakdown

Perspective:

*  Function: breakdown of
activities of a system

*  Product: breakdown of
artifacts of a system

» Location: breakdown of
spatial extension of a system

System
+ Block +

3 Interface point
(to other system terminals)

2 Terminal (can be input/output)

1 Terminal (can be input/output)

nction aspect is

vhighlight the
1al relations

‘he components / %

ject. -

Uio ¢

The product aspect is used
to highlight the
constructional relations
(assembly) of the
components of the object.

)4\

Function Product
Block Block
ISO/IEC 81346
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Reference Data Libraries

B Capturing the Meaning of Industrial Data

IMF Type Library

IMF Eco-System

Aligning IMF & CDT developments
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53

Evolution as lifecycle

Operational model
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) vo: The RE4DY project
=PrL

uio: RE4DY

The comprehensive https://re4dy.eu/

Digital Twin approach

allows the realistic

simulation and validation

of products,

machines, lines ]:I'heygret.thef
oundation for

and complete plants Production foxiblo and
efficient

manufacturing

Real Product Real Production

Performance
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Product Passport through Twinning of Circular Value Chains

The Plooto project
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Product Passport through Twinning of Circular Value Chains

https://www.plooto-project.eu/
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The SMARTENANCE project

uio: SMLRT=NANC=

European Deployment of Smart Manufacturing Asset 4.0 MultilateRal DaTa Sharing SpacEs for an
AutoNomous Operation of CollAborative MainteNance and Circular SErvices

Collaborative Operations

Autonomous asset management

Internal Operational Excellence

Connected asset management Smart asset management

B Capturing the Meaning of Industrial Data

- -
I IP connected Web enabled smart Distributed inter-
& . W& devices supply “big devices provide local acting autonomous
| ) | data"to cloud based automation, analytics devices negotiate
/7. | /.. dataanalytics andotherservlces and coordinate
L "' ‘ -

Data Multilateral i Multilateral
Chains Data Chains Data Networks

Focus on Connectivity Focus on Smart Data and
and Data Device Functions

Focus on Functional Profiles
and System Synthesis

App-empowered -
Focus on Lifecycle Management

and Eco-Systems

ICT4SM



vio: The Tec4MaaSEs project
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Technologies for Manufacturing as a Service Ecosystems
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Actionnable Cognitive Digital Twin

inspires

provides

Shop-floor

guides %

Ontology Knowledge Graph
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https://www.tandfonline.com/doi/full/10.1080/00207543.2021.2002967

@FACT' G

https://www.factlog.eu/
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B Captu

Thank you for your attention!
Merci pour votre attention!

@ https://people.epfl.ch/dimitris kiritsis/?lang=en

m https ://www.linkedin.com/in/dimitris-kiritsis-07 124/

g dimitris.kiritsis@epfl.ch
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