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UPPER ONTOLOGY

Alignment Layer

@ OWL 2 DL )
@ ISO 23726-3 ‘

UC 2.9 ARCHITECTURE OVERVIEW

IDO as Upper Ontology for Alignment of DEXPI, STEP Core and Arrowhead Framework Ontology

ISO 23726-3 (IDO)

Industrial Data Ontology

Upper Ontology for Semantic Alignment

Provides shared concepts such as:

ﬁ Asset / Equipment s Process

O Function / Capability [F2] Lifecycle Phase

A A
Y Alignment using OWL axioms (owl lentClass, rdfs:subClassOf, owl As) {
' |
( v v )
DOMAIN
ONTOLOGIES DEXPI Ontology Arrowhead Framework Ontology
Transformed & (Engineering Domain) (Product & Asset Domain) (A ion & lloT D
Aligned to IDO Equipment structure, materials, Product data, asset lifecycle, Systems, services, devices,
design, specifications versioning, relationships interfaces, events
\ J
KNOWLEDGE Ontology-Level
GRAPHS Alignments
Instances Created : Mappings defined with:
per Ontology + owl:equivalentClass
* rdfs:subClassOf
+ owl:sameAs
* Property alignments

INTEROPERABILITY

& CONSUMERS

Access via W3C
Technologies

&

=) Tools & Capabilities
Q SPARQL endpoint for queries
@ ROF/OWL data access

° Semantic 3D visualization
@ Navigation of plant structure

STEP Core KG +> SAP (Work Order Management)

SAP Work Order & Master Data Management

sAr

Integration

@ SPARQL endpoint for semantic queries
(&) SAP HANA API for data exchange

Q Link assets to work orders & maintenance
O Lifecycle & status synchronization

TECHNOLOGY STACK

@ KEY BENEFITS |
=

Ontology Language
OWL 2DL

Semantic interoperability across
DEXPI, STEP Core & Arrowhead

Data Model
RDF / OWL

Query Language

SPARQL 1.1

Standards preserved but aligned
through ISO 23726-3 (IDO)

Serialization . Web Standards

JSON-LD / Turtle

</>

Scalable and extensible architecture for
digital twins & asset lifecycle use cases

MC SPARQL Portoocol
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Reference Ontologies Used in the Architecture
CFIHOS and ISO 15926-4 provide the semantic foundation for Tags and Equipment

& N ~N
TAG SEMANTICS (for DEXPI / STEP) EQUIPMENT CLASSIFICATION (for STEP / Physical)
B2 DEXPI Tag 3 STEP BEV Tag CFIHOS EQUIPMENT CLASS
Example: Centrifugal Pump :
1
I 1 - !
I 1 classifies i
1 1
. ( v A TEpe
classifiedBy classifiedBy Tag semantics include: ( — E Equipment classification
i i art e includes:
(uses semantics of) (uses semantics of) «'Meaning of the tay @ (Type) e
1 1 Example: Pump inherits « Type semantics
b e S ¢ What it measures / classification y
: : represents instancdOf * Functional role
v v ¢ Units, data type > v ] : ¢ Physical characteristics
CFIHOS TAG CLASS * Allowed relationships Individual Part (Physical Asset) i d :“l‘::hme“‘ / connection
s | () T (0 - Rt i e e - u
Example: Pump Discharge Pressure ¢ Identification structure @‘ Example: P-101A :: 123-U8T267Y
- + RFID * Replacement rules
A
A
\ =/
+ ; : ~ HOW PROPERTIES & IDENTIFICATION
ARE DETERMINED
REFERENCE CFIHOS (Tag & Equipment Semantics) k ISO 15926-4 (Process Plant Reference Data) ‘
ONTOLOGIES @ Tag Properties / Identification
. Provides upper level reference data and relationships All rti t
(Semantic 0 CFIHOS TAG CLASS CFIHOS EQUIPMENT CLASSW pe .‘t’“’ed e dat.? fypes;
Foundation) Q\m « Process Plant Hierarchy (Site, Area, Unit, etc.) units, naming and identher
N : 4 : ; o 2 2 S structure come from the
| Defines semantics for Defines equipment types + Physical quantities, units, dimensions selected CFIHOS Tag Class
process / measurement tags & their semantics s Materials, fluids, phases using reference concepts
Based on CFIHOS Dictionary Based on CFIHOS * Activity, functional and spatial relations from 1SO 15926-4.
& Data Model ‘ Equipment Taxonomy e Timeconcepts T
L L ) » General purpose reference data used across the model e Equipment Properties / Identification
L _ Jj: '\ Allowed properties, attributes,
J ‘ naming and identifier structure
come from the selected
= CFIHOS Equipment Class,
— Uses / Classified by —p Classifies / Instance -—=p Uses reference data from n Tag Concept Equipment Concept STEP Concept RFID / Physical ID &
REY (semantic alignment) (type — instance) 1SO 15926-4 “ E s @ E o using reference concepts

from ISO 15926-4.

.+, We use a mixture of CFIHOS and I1SO 15926-4:
=( )= e« CFIHOS provides domain-specific semantics for Tags and Equipment (what it is).
¥ ¢ ISO 15926-4 provides the common upper ontology and reference data (where it is, how it relates, and general concepts).

» Together they ensure consistent classification, properties and identification across engineering, operations and physical assets.




© DEXPIC STEP

Alignment (DEXPI <> STEP)

& DEXPI Tag & STEPBEV Tag
@ P-101A @ P-101A

alignedWith

(IDO-Ex Tag identity) !
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Ontology Structure

[ﬂ IDO Tag ) (IDO-ex TAG)

/

& DExPiTag [l S STEPBEV Tag
@ P-101A @ P-101A
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Theoretical and Physical Realization Allow Parts in a

Functional Location to Be Controlled by Start and End Effectivity Dates

Functional Location (Breakdown Element/BEV)

Effectivity

Start: 2022 JUN 01 ! ;
End: 2023 DEC 31 \

Part B ‘
PUMP-CLASS-A

Start Eﬁectivify Effectivity End

Physical Realization

Start: 2022 JUN 10
End: 2023 FEB 01

Mounted Individual Asset
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Activity Assignment

Physical Assets

Beforer

s

“P101A | | o

. i ‘ C—° P-101A :: 123-U8T267Y * P-101A:.456-R8V395W

S O P e e ey 8% + REID + RFID
? EffECHVI TSN —— A
P-101A:: VALVE - S

valid Effectivity
Effectnvnty Assignment I

Start: 2024 JAN O1 «

-+ [_§ Maintenance Activity

= Work Order WR240101
——p RFID check Replace Pump
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End-to-End Lifecycle Overview

=) » o> » [
DEXPI Part Individual Part
System Design Physical Structure Specification Equipment/Asset
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Arrowhead Ontology Framework

Cyber-Physical Ontology dealing with dynamic sensor data and digital information

Lifecycle Data

Assets, Parts, Effectivity

Dynamic Tasks & Constraints

Multi-Knowledge Graph Architecture

Static KG Semi-Dynamic KG 7“ Dynamic KG
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Key Conclusions

Alignment across Realization from Part Lifecycle control
DEXPI, STEP and AFO to Individual Asset via effectivity and constraints

N

ARROWHEAD
fPVN

www.arrowhead.eu



	Lysbilde 1: Life Cycle Management
	Lysbilde 2
	Lysbilde 3
	Lysbilde 4: Alignment (DEXPI ↔ STEP)
	Lysbilde 5: Ontology Structure
	Lysbilde 6
	Lysbilde 7
	Lysbilde 8: End-to-End Lifecycle Overview
	Lysbilde 9
	Lysbilde 10: Key Conclusions

