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uio: It is all about Big Life Cycle Data Transformations 3
=PrL
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uio:  The Meaning of Data 4
EPFL

Body Oven
temperature temperature

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

ICT4SM

Essay by Verscheure & Kiritsis in 2018 WMF Report: hitps://www.worldmanufacturingforum.org/report/
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gy vo: Capturing the Meaning of Data with Ontologies & KG :
=PrL

'SIRIUS = Scattered data in several sources,
systems and services

DATA ISLANDS

= Different actors with ad il mrorraanon
. um . . . EN OVERLOAD
multidisciplinary skills -
P
Semantic modelling Ontology Knowledge Graph Data Mining+Analytics module:
on context and on purpose
Ontology design , a% Semantically
Data (USM) Coneent @ N o .7 enriched Data Sets .
S0Urces —»  subClassOf SUbClassOf m——fp M e St ; D ﬁepa .
Domain @ /@
knowledge Omobgy rules Relationship
(inference)
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) uio: Example KG
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http://www.kg-alliance.org/wp-content/uploads/2023/11/Farhad-Ameri-KGA-SUDOKN November-2023-2-.pdf
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» vio: Mapping to Ontological Entities
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vios Model Integration

EPFL
& SIRIUS

interface

Model checking models

Testing models

Analysis Models Performance models Process models...
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) uio:  Digital Twins: enablers of integrated solutions

=PFL

The comprehensive
Digital Twin approach
allows the realistic
simulation and validatio
of products,
machines, lines

and complete plants

Production

Real Product Real Production

Performance

= Slide produced by SIEMENS-CH

RE4ADY

MANUFACTURING DATA NETWORKS
https://re4dy.eu/

They'’re the
foundation for
flexible and
efficient
manufacturing

ICT4SM
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vio: Cognitive Digital Twin QUNLITY

https://qu4lity-project.eu/
=PrL L . . . . . i i
= Cognitive Digital Twin: a digital representation of a physical system augmented with cognitive capabilities
SIRIUS 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

"CAD models

o
BN <

Evolution as lifec;cle

System ﬁifecycle

Physical entities

Evolution as lifecycle Evolution as lifecycle
St O N =

Evoluﬂon_as_lificicle

_ v v
---. = -

L = TS =

< é -
Ontotogy fot interrélationships
between models and physical entitie:

e e =/ E - -
Ontology for interrelationships between
models of virtual entities

L Integrate | | Integrate Cognitive entities
'§€F ‘ Integrated Knowledge Graph
L Ontology
v
iti ici i -
Cogmtive Dictaliiyans & Cloud GraphDB Synchronize

Al: Artificial Intelligence

= Al & DS Agents — Digital Twins — Apps — other software DS: Decision Support

https://www.tandfonline.com/doi/full/10.1080/00207543.2021.2014591
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NEED FOR STANDARDS

/ Data Sources \

Industry
Standards

Contextualized
| DERY:)

3
@ o

IOF: https://oagi.org/pages/industrial-ontologies

IDO: https://rds.posccaesar.org/ontology/lis 14/

KGA: https://www.kg-alliance.org/
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4 Data
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]
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ML/AI

Expert
systems

T

End users

Partners

Consumers

™

Adapted by DK fromAASForum-information-modelling-and-Ontologies.pdf
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https://aas-forum.com/wp-content/uploads/2024/09/AASForum-Information-modelling-and-Ontologies.pdf

Starting directly with data models does noft allow fo capture the

knowledge of the data owners

NO MODEL HERE'!
Human
C‘ @ Approval

—ﬁ ) Unified Knowledge Graph

Q Al Agent Workfore
s -
Raw Data %

:; a 3-Part Graph
Arc?\itecrt?.lpre

Domain Graph Lexical Graph

SOLUTION: Model Based Svstems Engineering - MBSE

: . sts
IUsJ?utm_source=share&utm_| med ium= memb ndroid&rcm=ACoAAAAAVWUBYbDmMIHmMNap5S- PY9RlM6hngAGO
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y uio:  How to create an Integrated KG of a Twinned System? age
epeL  Connecting Fragmented System Elements K
@ SIRIUS

Disposal
Operation

Expertise / Discipline Design

. Y Commissioning
Electrical Eng. Automation Life-Cycle

Material -~ €tc. & Engineering _
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¥ *
- Procurement

[

hi
o ¥ .
Solution: unified, vr

Information Modelling
Framework
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en
:}-- N precise language & Contractor
| | framework for s
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What is IMF?

= Information modelling language and framework
» Last version of IMF material available here: https:/www.imfid.org/

Language for identifying and describing objects of industrial assets in different aspects

Language for integrating across ...
- different domain and discipline specific descriptions
+ different ontologies and domain standards
 descriptions using different abstraction levels
+ the complete asset lifecycle

Designed to be used and understood by subject matter experts

Based on
* ideas from systems engineering, ISO/IEC 81346*'s aspect concept
« formal logic, semantic web technologies
» graph data formats

DNV-RP-0670 | Based on ISO IEC RDS 81346 standards
https://www.dnv.com/digital-trust/recommended-practices/asset-information-modelling-dnv-rp-0670/

*Industrial systems, installations and equipment and industrial products  —structuring principles and reference designations

ICT4SM
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) Uio:  Aspects

) SIRIUS

Aspects are distinct perspectives on entities

Example:

Descriptions are categorized by aspects

Function aspect (Yellow) q is about the intended ai  §
providing information about required activity, perforn —_

Product aspect (Cyan) @ is about the specification neoss7sss2
perform the activity, in this example the specificatior

Location aspect (Mat%enta) €@ is about the spatial e
specified pump and the requirements imposed by th >

Ap= 45 Q=123/h

Installed aspect (Dark blue) @ is about information about the actual pump, with
information such as serial number, run hours, and status.

L: 12, W:34, H:56

Aspects based on
IEC/ISO 81346

m

ICT4SN



https://tec4maases.eu 16
https://sm4rtenance.eu
SIRIUS
Main purpose of the
: - seawater system
Electrical domain ) !y
{ = e e m—_——_————— \
I InstrumentationSystemActivity : ExchangingThermalEnergy
I
| ? : [
I
: l |
| MeasuringProcessVariable D—O—G ControllingProcessVariable :
| -
""Z;""""':::::::/T\::: __________________________ Process domain ..
! ( % \
| [ | | | |
i ] [ReactingChemicals i Pumping Filtering SplittingMaterial Regulatingflow ExchangingThermalEnergy TransportingFluids | |
1 1 ‘ |
} 1 43 i /ﬂ 7 A A Q !
| | ! /)" o i | | 1
| I / A ~ ! ‘I : I
| ’ ' Vi [
i | fj {' i //’ SplittingMaterial SplittingMaterial i I: E |
I I | ,k’ I 1 1 1
3 S IS D < Oy e Sup—— S o mmme oo 1__.
| 1
‘ / b / / I ! i
1 i!I | 1 I j’ / d [pressure] ; [bar] ! 1 \
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Seawater System

https://tec4maases.eu
https://sm4rtenance.eu
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uo: Corresponding IMF Model

MeasuringProcessV ariable

https://tec4maases.eu

https://sm4rtenance.eu
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Seawater System

"

O O

0

Pipe System
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Example: cooling system
displayed in graphical and P&ID form

0 vio:
=PFL
@ SIRIUS

https://tec4maases.eu

https://sm4rtenance.eu

Water Tank

A40TAD2
Global Valve

voo1i Gas cooler

A23HJ105 High
. B temperature

Cooling System gas

. Cooled gas

rarprprprn Pumping ' .
System
A40XX100

&
(W W)
Coolant chiller

A40HJ101 Power Grid
a) Graphical illustration of the workflow a cooling system

: TN
A VT

- :

T B

Z

s Mupmuamom
E .NCI1 NO1 @Nﬂz

N od : : E
: A4DTA102 A23HJ105 | Awmwe E
g1 ASOXX100

b) Pipe and mnstrumentation diagram of the cooling system

19
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Example: cooling system https://tec4Amaases.eu "
work breakdown structure https://sm4rtenance.eu

High-Temperature Gas Cooling

information stream P i infcrma{t_i'g[w\ stre.arnr_
. rocess cooling .
T : :
Automatic control (main function) [ ] N Operating safely

ICT4SM
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Example: cooling system

uios
IMF model of cooling system

=PrL
9 SIRIUS

[

medium flow
—C SteeringFlow 34 Cooling LiguidMedium

@]

,” medium flow medium flow
{
{ .
PumpingByCentrifugalMotion medijm flow
StoringInTank . pingByC b
—— i Cooling Gas A
} high temperature gas T
f cooled gas I
! i
| 1
h SupplyingFluids | TransportingFluidsinPiping |‘
{
I [ 1
| ! A ,'
I I — e I
' !
GlobalValve |} (O I’
e
]
I
| JO‘E
FinnedTubeHeatExcha
| Tank naet
PlateHeatExchanger ventrifugalPump
AlternatingCurrentMotor|
Pipe i
Pumping System

Pipe

ICT4SM
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¢y vo:  Example: cooling system
=PrFL IMF model integration
' SIRIUS

| Top-level breakdown

|
— = = Process function modlel
Automation function model et | - T tL l
‘SteeringFlow StoringInTank FumpingByCentrifugalotion Cooling LiquidM edium
];9 > 2’) 2 ol Safety function model

H
h————————l

ICT4SM



Uio$

[Diameter] ; [mm] =[] O
[MediumType] =[] Q
[Material] =[] C\}“-‘
[Ambient] =] Q::l
[Winterisation] =[] QW
il
[RelativeHumidity] ; [percent] =[] 0'\"':"1';
va
[CorrosionAllowance] = [ ] Ot
A
[MountingDirection] = [ ] Oy \Wh
A
[SealingType] =[] Q"\ Vi
A

fprice] =[] O~ .
[delivery time] =[] O m

[implementation time] =[] O~ o

Example: cooling system
IMF attribute modelling (example of pumping system)

https://tec4maases.eu 23
https://sm4rtenance.eu

O [dentifier] =]
_,Q [PumpHead] ; [m] =[]
10 [RotationSpeed] ; [RPM] = ]
1y
1K [Efficiency] ; [percent] =[]
i
,-_.-’,-ﬂ [Flowrate] ; [CubicMeterPerHour] = []
i1 ) [PowerRating] ; [kW] = []
Mgy

Miry
a0 Mass] ; [kg] =[]
iy,
gy [Depth]; [m] =[]
: ! /O [OperatingPressure] ; [bar] =[]
w4 I
LU / ,-I,O [OperatingTemperature] ; [DegreeCelsius] =[]
L

-

ICT4SM
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Efficient Weaving

]

Connecting Physical and Cyb

er domains

JA)

Warp Movement|
[

‘ Rapier Movement

Warp Preparation

Predictive Maintenance

Data Sharing

Data Analysis.

DY

maintenance alerts

{Tlsupply chain Pranning

Cloud Support System|

Predictive

(Joptica msm@_o_ci cﬂm.u....@_o_dm el 11O

Maintenance Model

osta mpor] O

| 10 tTapes wearing st = vavel §

Limmontte ey coprin | 51

tonss aatal = gatve]
Wearing atrm auation] = ok

esd el = skl O 1§

supply chain
planning system
kel &)

idelvery cost] = laluel O

| O spare pars opima stckeve] = vael

O tresrser pos) =

e

Wk
(e

Connector is specific per machine and contains the time series specification w.r.t. the IMF model of a concrete machine

24
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vio:  Semantic Framework

@ SIRIUS

IMF RDF
Representation

OWL/SHACL
Ontologies/
Constraints

26
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Information Modelling Framework: start with a System Model

Model-Based Systems Engineering:
System modelling aligned with standards, best practices, and

modelling templates

Systems Engineer

Role Modelling and Validation

E}_:)_@ Task Describe systems
o

Systems
Modelling

Data exchange and software integration
using, e.g., Asset Administration Shell - AAS

Implementation/
Role Application
Information Flow .n.

Knowledge representation/ c .
’ ) ompose mappings/ IT Expert
Task Ontology & KG Engineering and Task Data transformations
management

Semantics representation using
ontologies and knowledge graphs

RDF/OWL/SHACL

Knowledge
Engineer

Role Verification and reasoning

j ] . . . Data exploration .——”
IMF provides an integrated semantic information model

Information Modelling Framework for Digital Engineering - ScienceDirect
Asset information modelling framework: Structuring digital assets | DNV-RP-0670



https://www.sciencedirect.com/science/article/pii/S2950550X25000081
https://www.dnv.com/digital-trust/recommended-practices/asset-information-modelling-dnv-rp-0670/

The Vision and the Larger Picture

ﬂﬂﬁ%@%

Added values: CD Automation of manual procedures possible Improved safety and quality by
using machine integrable information models better control of technical
Become more effective by information

New b rtunities b
~ hindering loss of information == Reduce costand time spent by the possibility - ew business opportunitics by
during handovers = =

T ofbuilding in smartness

combing information in new ways




) vo: In progress: Aligning IMF & CDT developments

Cognitive Digital Twin - CDT

Information Modellng Framework - IMF

x
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©
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=
C
9
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©
€
=
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<
]

< Llntegrate 1ni
e ‘ Integrated Knowledge Graph @iy
v

Cognitive Digital Twins ? Cloud GraphDB

Al & DS Agents — Digital Twins — Apps — other software
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B Information Modeling Framework

Thank you for your attention!

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

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

a dimitris.kiritsis@epfl.ch

30
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