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Manufacturers

It is all about Big Life Cycle Data Transformations 3

Closed-Loop Life cycle
Data-Information-Knowledge Transformations

Semantic Model-Based Systems
Engineering for Industrial Data Analytics
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= Direct Information flow
— — — - Indirect Information flow

———> Control flow

=History data

-Product definition data,
-Up-to-date product data

*Assembly/disassembly info.,
*Material info. for reuse
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uvio:  The Meaning of Data Data 4
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Ontologies allow to capture the meaning of data

Brefixes

BFO: http://purl.obolibrary.org/obo/BF O
IAO: http://purl.obolibrary.org/obo/IAO
OBI: htp:/purl.obolibrary.org/obo/OBI
RO: http://purl.obolibrary.org/obo/RO
SOSA: http://www.w3.org/ns/sosa/
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uio:  Capturing the Meaning of Data with Ontologies & KG :

= 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

339100

Supplied by

0847976000005

November 9, 2023

http://www.kg-alliance.org/wp-content/uploads/2023/11/Farhad-Ameri-KGA-SUDOKN November-2023-2-.pdf

2VaNiz;,

a8


http://www.kg-alliance.org/wp-content/uploads/2023/11/Farhad-Ameri-KGA-SUDOKN_November-2023-2-.pdf
http://www.kg-alliance.org/wp-content/uploads/2023/11/Farhad-Ameri-KGA-SUDOKN_November-2023-2-.pdf
http://www.kg-alliance.org/wp-content/uploads/2023/11/Farhad-Ameri-KGA-SUDOKN_November-2023-2-.pdf
http://www.kg-alliance.org/wp-content/uploads/2023/11/Farhad-Ameri-KGA-SUDOKN_November-2023-2-.pdf
http://www.kg-alliance.org/wp-content/uploads/2023/11/Farhad-Ameri-KGA-SUDOKN_November-2023-2-.pdf
http://www.kg-alliance.org/wp-content/uploads/2023/11/Farhad-Ameri-KGA-SUDOKN_November-2023-2-.pdf
http://www.kg-alliance.org/wp-content/uploads/2023/11/Farhad-Ameri-KGA-SUDOKN_November-2023-2-.pdf
http://www.kg-alliance.org/wp-content/uploads/2023/11/Farhad-Ameri-KGA-SUDOKN_November-2023-2-.pdf
http://www.kg-alliance.org/wp-content/uploads/2023/11/Farhad-Ameri-KGA-SUDOKN_November-2023-2-.pdf
http://www.kg-alliance.org/wp-content/uploads/2023/11/Farhad-Ameri-KGA-SUDOKN_November-2023-2-.pdf
http://www.kg-alliance.org/wp-content/uploads/2023/11/Farhad-Ameri-KGA-SUDOKN_November-2023-2-.pdf
http://www.kg-alliance.org/wp-content/uploads/2023/11/Farhad-Ameri-KGA-SUDOKN_November-2023-2-.pdf
http://www.kg-alliance.org/wp-content/uploads/2023/11/Farhad-Ameri-KGA-SUDOKN_November-2023-2-.pdf
http://www.kg-alliance.org/wp-content/uploads/2023/11/Farhad-Ameri-KGA-SUDOKN_November-2023-2-.pdf
http://www.kg-alliance.org/wp-content/uploads/2023/11/Farhad-Ameri-KGA-SUDOKN_November-2023-2-.pdf
http://www.kg-alliance.org/wp-content/uploads/2023/11/Farhad-Ameri-KGA-SUDOKN_November-2023-2-.pdf
http://www.kg-alliance.org/wp-content/uploads/2023/11/Farhad-Ameri-KGA-SUDOKN_November-2023-2-.pdf

 uio: Mapping to Ontological Entities

Material Entity Realizable Entity m m
a a a a

Object Aggregate Disposition Planned Process
a a a a
Instance of Instance of Instance of Instance of
ac Des; ani
,bo\’f trs, <0 i, %\" Zing,

sﬁv

\\“ ),
‘% @

http://www.kg-alliance.org/wp-content/uploads/2023/11/Farhad-Ameri-KGA-SUDOKN

November 9, 2023

Global location #

Is value of

0847976000005

November-2023-2-.pdf

Sy

ICT4SM


http://www.kg-alliance.org/wp-content/uploads/2023/11/Farhad-Ameri-KGA-SUDOKN_November-2023-2-.pdf
http://www.kg-alliance.org/wp-content/uploads/2023/11/Farhad-Ameri-KGA-SUDOKN_November-2023-2-.pdf
http://www.kg-alliance.org/wp-content/uploads/2023/11/Farhad-Ameri-KGA-SUDOKN_November-2023-2-.pdf
http://www.kg-alliance.org/wp-content/uploads/2023/11/Farhad-Ameri-KGA-SUDOKN_November-2023-2-.pdf
http://www.kg-alliance.org/wp-content/uploads/2023/11/Farhad-Ameri-KGA-SUDOKN_November-2023-2-.pdf
http://www.kg-alliance.org/wp-content/uploads/2023/11/Farhad-Ameri-KGA-SUDOKN_November-2023-2-.pdf
http://www.kg-alliance.org/wp-content/uploads/2023/11/Farhad-Ameri-KGA-SUDOKN_November-2023-2-.pdf
http://www.kg-alliance.org/wp-content/uploads/2023/11/Farhad-Ameri-KGA-SUDOKN_November-2023-2-.pdf
http://www.kg-alliance.org/wp-content/uploads/2023/11/Farhad-Ameri-KGA-SUDOKN_November-2023-2-.pdf
http://www.kg-alliance.org/wp-content/uploads/2023/11/Farhad-Ameri-KGA-SUDOKN_November-2023-2-.pdf
http://www.kg-alliance.org/wp-content/uploads/2023/11/Farhad-Ameri-KGA-SUDOKN_November-2023-2-.pdf
http://www.kg-alliance.org/wp-content/uploads/2023/11/Farhad-Ameri-KGA-SUDOKN_November-2023-2-.pdf
http://www.kg-alliance.org/wp-content/uploads/2023/11/Farhad-Ameri-KGA-SUDOKN_November-2023-2-.pdf
http://www.kg-alliance.org/wp-content/uploads/2023/11/Farhad-Ameri-KGA-SUDOKN_November-2023-2-.pdf
http://www.kg-alliance.org/wp-content/uploads/2023/11/Farhad-Ameri-KGA-SUDOKN_November-2023-2-.pdf
http://www.kg-alliance.org/wp-content/uploads/2023/11/Farhad-Ameri-KGA-SUDOKN_November-2023-2-.pdf
http://www.kg-alliance.org/wp-content/uploads/2023/11/Farhad-Ameri-KGA-SUDOKN_November-2023-2-.pdf

Uio$

Model Integration

Analysis Models

Performance models

Model checking models

%P Testing models

interface

Process models...

ICT4SM



, uio:  Digital Twins: enablers of integrated solutions RE4ADY

MANUFACTURING DATA NETWORKS
https://re4dy.eu/

The comprehensive
Digital Twin approach

allows the realistic

simulation and validatio They're the

of products, foundation for

machines, lines FIOGHEton flexible and

and complete plants efficient
manufacturing

Real Product Real Production

Performance

= Slide produced by SIEMENS-CH
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vio: Cognitive Digital Twin QUNLITY

https://qu4lity-project.eu/
= 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

"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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Starting directly with data models does noft allow to capture the

knowledqge of the REAL WORLD data owners
NO MODEL HERE !
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SOLUTION: Model Based Systems Engineering - MBSE
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How to create an Integrated KG of a Twinned System?

Connecting Fragmented System Elements

Expertise / Discipline
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Material -~ €tc. &

*‘t-n

hi

Information Modelling
Framework

»
e -

| Grid/Plant/Platform SOI_Utlon: Unlfled,
-}- | precise language &

Assets
" T ) framework for
Edge .
e 1 engineers
Components

Design

Life-Cycle Commissioning

Engineering

&

Disposal

Operation

Construction

+- Procurement

£° 3 Value-Chain

Client

Supplier

Contractor

Manufacturer

Page
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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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j vio:  Aspects

Descriptions are categorized by aspects

Aspects are distinct perspectives on entities L 12,34 Hse

Example:

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

= Product aspect (Cyan) @ is about the specification Mo cos7eses2:
perform the activity, in this example the specificatior

= Location aspect (Magenta) €) 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.

Aspects based on
IEC/ISO 81346

m
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Example: cooling system

displayed in graphical and P&ID form

https://tec4maases.eu

https://sm4rtenance.eu

Water Tank
A40TAD2

Global Valve
voo1i Gas cooler

AZ23HJ10
et it

L
rarprprarn Pumping‘

System
Ad0XX100

hb AL AN A

Coolant chiller )
A40HJI101 Power Grid

a) Graphical illustration of the workflow a cooling system
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b) Pipe and instrumentation diagram of the cooling system
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Semantic Framework

IMF RDF
Representation

OWL/SHACL
Ontologies/
Constraints
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Visualization of the complete IMF RDF graph
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IMF RDF (A23HJ105 Tag extract)

dc: <http://purl.corg/dc/terms/>

id: <http://example.com/id/>

imf: <http://ns.imfid.org/imfi#>

owl: <http://www.w3.org/2002/07/oul#>

rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>»
rdfs: <http://www.w3.org/2000/01/rdf-schemat>

rdl: <http://example.org/rdl#:

skos: <http://www.w3.org/2084/02/skos/core#>

xsd: <http://www.w3.org/2001/XMLSchema:

rdf:type
rdfs:label
imf:hasAspect
imf:hasTerminal
imf:proxy
imf:taglD
skos:preflabel

imf:Block;

"A23HI185" , "Heat Exchanger Gas";
imf:productispect;

id:n65 , id:n58 , id:n72 , id:n57;
id:n82;

"A23HI185";

"Heat Exchanger Gas" .
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From Engineering Documents to IMF Models to IMF Knowledge Graphs

Tl e R ==,

D e | [N S S S—— .4

Ll on | - .

L]

ICT4SM



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




vio: In progress: Aligning IMF & CDT developments

Cognitive Digital Twin - CDT
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\‘\ | Integrate ‘ llntgat Cognitive entities
IL3F
FOUNDATIONAL MODELS FOR TRUSTWORTHY INDUSTRIAL & '”tegratedK“Ov"V'edgeGraPh Ontology
GENERATIVE Al IN EUROPE STRT——

M a ki ng I nd u Stria I AI Wo rk Al & DS Agents — Digital Twins — Apps — other software

Open-sourced and European by design. Autonomous manufacturing
solutions built in Europe, for European industry, aligned with European
values, sovereign GenAl technologies and international standards.
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https://eurofmx.eu/
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Thank you for your attention!

.@ https://www.mn.uio.no/ifi/english/research/networks/im-lab/

m https://www.linkedin.com/in/dimitris-kiritsis-07124/

a dimitrky@ifi.uio.no
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