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& Operational User Stories

=urope’s

As a maintainer,

| want standardized, up-to-date asset and diagnostic data
so that | can efficiently detect, understand, and
resolve faults across systems and manufacturers.

Key Needs:

 Understand data: standardized models &semantics
* Localize faults: Precise identification (LRUS)

* Repair Efficiency: Correct material on-site




&~ Online Inventory
“physical” Equipment model

RedundancyGroup
Equipment 1 :
Mate ralMdm label : String
manufacturer: String * . . .
manufacturer : String manufactureriodel : String child isAvailable - Boolean
model : String serialNumber : String 1 minimumAvailable : Integer
erpMaterialMumber : String statusTechnical :StatusTechnical parent
orderCode : String [0..1] statusTechnicalManufacturerSpecificMessage MultiStateDiscreteTypeSupplier 1
orderlirl: String [0..1] hardwareRevision: String
certificationDate : DateTime 1 . |softw areRevision String
certificationinfo : String replacementindication : EquipmentReplaceabilityState
siLevel : SilLevel Type Instance | manufacturingDateTime : DateTime
SetErpMaterialNumber () interfaceRevision : String 5 =
1 \
. Redundancy Status
1
> : :
IsAvailable - Boolean

IsTurnedOff : Boolean
1T J »IT »IT IsActive - Boolean
We standardize the Description, not the system architectures!

Source: SDI-GEN, ptc-model EULYNX/ NeuPro, 03/2025




&= s a switch ready to operate?
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Diagnosis Corrective

& i ) Measure

Turning Left

,Switch correctly

Temperature set up”

Turning Right
,heeds more power

at lower
temperatures”

RESTRICTED

Result

,Reduced
probability of
failures”

Source: DB InfraGO, Grassmann, 2015



&~ Ready for Operation?

=uropes
[ ]
FieldElement LegEwent Subystem
{AbetEct]
subsystembdentfication String
PoinfTurnEvent
movementStatus PonfMovementStatus commandedPaoston PontCommandedPosiion
. . postion PontPositon pSamping htervalReal
Equipment l"_ postonDegaded PontPostonDegmded | . |turnTime Real
turnCounteri ong sEndpostonReached Bookan
pSampihghtervalResl EvemScwrce EventfabreResson PontTurnFalmsResson
eUsngR edrive Booksan humid ity : Real[0.1]
bBstCommanded Poston PontCommandedPaoston temperatureAir :Real [0.1]
driveCutoffPrincipe:PontOneCutOfFrincp
apgregatAbeToMoveSiatus PontAbeToMoveStatus[0]
pontabETolMoveStatus Pontdb e TolMoveStatusid g
1
1 1.2
1.* PointMachineTurnData
PointMachine fAberacy
Equipment index String EEEST
1 01| machineType PontMachine Type

pasifion PaintPostion j_’& [l
&Crucial:Boalean

timeOfisetStartL=ft-Real

timeOHs=tStarR g ht Real
abeToMoveStasPontibeToMoveStE s

PointMachineTurnData_ 1AC_Power FointMachineTumData_1AC| PointMachineTurnData_3AC PointMachineTurnData_3AC_Power
power:Real[*] volage Real[] voltage_L1:Real["] power_L 1:Real["]
«FunctonaReguiements cument: Real[] cument_L1:Real[] power_L2Real”]
Inhertance cosPhiResl[] cosPhi_L1: Real[?] power_L3Real"]

volage_L2 Real["]
cument_L2 Real["]

PointMachineTurnData_1AC_ActiweCurrent

EE AL [FointMachine TurnData_Hydradlic]
activeCurent:Real[] vatsge_L3Reall’]
principkeOflessumment FontActireCurentPrincipeOfeasurement| ErmETE L2 narmalPressure:Real[]
cesPhi_L3Realll] reversePressure: Real[]
fludLevels atus FudlLeveBtatus
volageOnEndposton Resl

Source: SDI-P, ptc-model NeuPro/EULYNX Polarion




&> We need Product Group models in different
7 “quadrants” of the railway sector

Vehicle monitors Infrastructure monitors
Infrastructure vehicles
Installed in/on regular service vehicles, Installed in/on infrastructure, among other
among other things, for monitoring the track things, for monitoring the condition of
condition. vehicles.
- CTM - Checkpoints

- : : Infrastructure monitor
Vehicle monitors itself astructure monitors

itself
Installed in/on vehicles, among other
things, for monitoring the condition of Installed in/on infrastructure, among other
vehicles. things, for monitoring the condition of
facilities.

'I -
= Vehicle Systems = Infrastructure systems



RESTRICTED

é Infrastructure monitors vehicles:

=uropes ail

Checkpoint Models

IdentificationEventType (RFID) WheelsetMeasurement
: <<abstract>>
timestamp -
rfid_number timestamp

speed (km/h): float
speedChangePerAxle (m/s2): float
jAxle: int

mass (IndividualAxleLoad) (t): float
distance (m): float
axleSequentialNumberTrain: int

axleSequentialNumberVehicle: int

— =

WheelsetMeasurementWheellmpact WheelsetMeasurementWheelProfile

mass: float wheelsetdiameterdifference
back-to-back axle gauge
front-to-front axle gauge
equivalent conicity
wheelsetdiameterdifference

massAccuracyClass: String
RelativeWheelForceDeviationPerWheelset ()

T DistanceBetweenAdjacentAxles (mm): int
.
WheellmpactLoadType T
‘ i : side (in direction of travel): WheelSide ("R"/"L" enum)
( p Eeal gV A RN staticVerticalWheelLoad: float WheelProfileMeasurementType
Source: http://international-engineering. com/en/d|V|5|ons/mon|tor|ng d|V|3|on/WheeI -Imp staticVerticalWheelForce: float wheel: float

dynamicVerticalWheelLoad: float flangeHeight: float
dynamicVerticalWheelForce: float flangeThickness: float
dynamicVerticalPeakForce: float flangeSlope: float

rms (root mean square) (kg): int falseFlange (hollow tread): float
flatSpotLength (mm): float wheelWidth: float

deltaR (mm): float wheeIThlckne_ss: float
verticalForceAccuracyClass: String wheelFullProfile: fioat

Source: System Pillar HERD Projekt, 06/2025




E Failure Scenario: What is happening here?
' Where to go?

:m%

008 ==

(4 O
O O
O O
failure in failure in Mechanical
point heater! contact wire! Stiffness in switch!

Source : DB InfraGO, Grassmann, 2015

How many systems must function correctly (logical “AND")
for a route to be set in a railway signaling system?




&~ References: Equipment “implements” the
"ProductGroup-XX”

Equipment
" Product Group
Implements |
Child Equipments HasComponent
Source: DB
InfraGO, 2016

MORE:
IsPartOfRedundancyGroup
ProvidesPowerTo, ...


https://www.scheidt-bachmann.de/de/systeme-fuer-signaltechnik/produkte-loesungen/bahnuebergangstechnik/bahnuebergangssteuerung/
https://www.scheidt-bachmann.de/de/systeme-fuer-signaltechnik/produkte-loesungen/bahnuebergangstechnik/bahnuebergangssteuerung/
https://www.scheidt-bachmann.de/de/systeme-fuer-signaltechnik/produkte-loesungen/bahnuebergangstechnik/bahnuebergangssteuerung/
https://www.scheidt-bachmann.de/de/systeme-fuer-signaltechnik/produkte-loesungen/bahnuebergangstechnik/bahnuebergangssteuerung/
https://www.scheidt-bachmann.de/de/systeme-fuer-signaltechnik/produkte-loesungen/bahnuebergangstechnik/bahnuebergangssteuerung/

&= Tactical User Stories

=urope’s

As a maintenance planner,

| want access to standardized, condition-based and prognostic
asset data

to optimize maintenance planning and dynamically prioritize
actions based on environmental and functional context.

Key Needs:
 Comparable Centralized Condition data and fault prediction
* Functional dependencies for impact-based prioritization




&< Strategical User Stories

=urope’s

As a procurement or asset planning stakeholder,

| want standardized, vendor-independent performance and
availability data across assets

to make informed decisions in procurement, migration,
recall campaigns, and claims management.

Key Needs:

« Comparable availability and performance metrics
* Device and component model consistency

* Centralized inventory (current and historical)

* Dependency visibility and traceabillity




& We scale:
" SDI-XX Toolchain for Product Group Models

The Toolchain generates the following Artifacts:
. UML class diagram

2
3.
4

+

. ]

Equipment

id: string
stamsTechnical: StatusTecknical

manufacturer: string
manufacnwerModel: string
serialNumber: string
EardwareRevision: string
softwareR.evision: string

r dication: Equi Fepla

statusT SpecificValue: string[*]

. Meta Information table as an excel sheet.
OPC UA Information Model as a NodeSet2 XML format
. RDF/OWS files

ityStatus

manufacruringDateTime: timestamp
Label: string

isTimeSynchronised: boolean
ry T

- 0

PowerSupply

id: string

statusTechnical: StarusTechnical

status TechnicalManufacturerSpecificValue: string[*]
mpurVoltageStatus: VoltageStatus
ourpurVolrageStams: VolrageStams
out ver: wint32

ourpurPowerLimir: uinr32
temperanreStams: TemperamraStams
label: swing

inpurVeltage: float

inpurCurrent: float

PhysicalDigitalOutpur

id: string
stamsTechnical- StatusTechnical
starusTechnicalManufacturerSpecificValue: string[*]

PhysicalAnalogOutput

id: st

Phy:icalSeparatedOutput

PhysicalDigitallnput

Ting
stamisTechnical: StamusTachnical
statusTechnicalManufacturerSpecificValue: string{*]
Label:
voltage: float
current: floar

id: string

statusTechnical: StatusTechnical
statusTechnicalManufacrurerSpecificValue: string[*]
1abel: smi

outputValue: OutputValue

id: =t

statusTechnical- StamsTechnical
stausTechnicalManufscturerSpecific Value: sming[*]
Iabel: string

physicallnpurValue: HighLow

inputVoltage: float

inpurCurrent: float

PhysicalAnalogInput

id: swing

stamisTechnical- Sami=Technical
statusTechnicalManufacturerSpecificValue: string[*]
label: string

volrage: float

current: float
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&< Areas for Cooperation

=urope’s

xml version="1.0"
rdf:RDF xmlns="http://rail-research.europa.eu/eu-rail.sdi-generic.4.3.1-r@2/equipment#"
xml:base="http://rail-research.europa.eu/eu-rail.sdi-generic.4.3.1-r@02/equipment"

xmlns:owl="http://www.w3.0rg/2002/07/owl#"

Long lasting namespace names, Downloadable

owl:Class rdf:about="#Equipment’ Class Names in ProductGroup Models

owl:Class rdf:about="#PowerSupply"

owl:Class rdf:about="#Subsystem"

owl:Class rdf:about="#Switch" Fun Ctl on al

rdfs:subClassOf rdf:resource="#Subsystem"

owl:Class Refel‘enceS
Naming

owl:0bjectProperty rdf:about="#implements"

rdfs:domain rdf:resource="#Equipment"

rdfs:range rdf:resource="#Subsystem"

rdf:type rdf:resource="http://www.w3.0rg/2002/07/owl#FunctionalProperty"

rdfs:comment
Indicates that a physical Equipment implements a logical Subsystem such as a Switch.
rdfs:comment

owl:0bjectProperty
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Data Sharing

analytics Asset

CBM Mgmt

SFD
Service Function
Diagnostics

SDI
Diagnosable
BuildingBlock

Element

ProductGroup
Equipment




€~ The railway operator (User) has right to

access, use and share the data

What data?

« Condition data of physical and logical components
« Usage and performance metrics

« Fault and repair records

With whom? Suppliers, integrators, maintenance providers

Why? improve products, innovation

i

Tree nstance.|mant




& We need secure, sovereign and standardized

=urope’s

INTERNATIONAL DATA
SPACES

JOIN IDSA —

Europe’s entire rail community is joining forces
to create a data ecosystem for the track. Watch
out - it's fast!

ALSTOM # THALES
DLR sone

= MmEermec

The IDS standard enables trustworthy data exchange among certified data
providers and recipients, based on mutually agreed rules. Data spaces
improve cooperation, lower the barriers to entry and enhance innovation.

piscover
the data space

elements

mouseover

Usage
Policies
Data —>
Owner G
Data
Data
Provider

data sharing across trusted partners

Clearing

Broker
House

Data sharing ina
- Data Space

& & & . &
App 7 A r gt rd 7 App
& ‘& L L
» ce. LW T % A3
DS e IDS
- Data exchange'and data processing
Connector along the'dgta value chain Connector
App
Store Vocabulary

Identity
Provider

Source: International Data Spaces Association — “European Rail Data Space”, "Data sharing in a data space”

INTERNATIONAL DATA
SPACES b

W

Usage
Policies

Data

(— User

Data
Consumer




Service Function Diagnostics
& Data Sharing

Thank you for Listening!

Prof. Dr. Karl-Albrecht Klinge
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