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Motivation
Meta-Beschreibung von einer technischen Komponente

] [2]
 Erstellung einer digitalen Reprasentation von physischen Komponenten, um die
Informationszugriff zu erleichtern:
« ZB.:

« Fur die Wartungsarbeit (Zielanwender: Integration- und Wartungsfachkraft)

» Zur Einsicht, Evaluierung und einfache Diagnose von Asset (Zielanwender: Manager)
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Motivation
Meta-Beschreibung von einer technischen Komponente

¢ Integration und Wartung in * Bedeutung der Daten in |
Produktionssystemen Informationsmodellen .L ﬂ
« Schlisseldaten in technischer - Aquivalente Datenmerkmale 4.
Safety Laser Scanne
Spezifikation -- ,Scanning angle“, ,Scan angle“

-- ,Field of view*, ,Viewing window*
» Unterschiedliche Datenmerkmale
-- ,Current measurement”
A. Aktuelle Messung ?

B. Messung fur Strom ?
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Problem
Informationsmodelle verwenden unterschiedliche Vokabular

Datenmerkmale mit
gleicher/aquivalenter

Bedeutung \ e

Technische Spezifikationen fur Sensorik

e . ﬁ
Hersteller A Hersteller B (Hersteller C

s

Safety-related Laser
— | 2D LASER SCANNER 2D LIDAR SENSORS Safety Laser Scanner

L Scanners

Scanning angle 270° Field of view 200° Detection range 275° Viewing window 275°

Ambient operating Ambient operating

temperature temperature Operating Temperature Operating temperature

_ ( Light source
Infrared (850 nm) -- Wave Length Wavelength

\.

Die Austauschbarkeit von Daten mit der gleichen Semantik
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Forschungsfrage

Wie kann Maschine
die Metadaten der
unterschiedlichen

Sensoren skalierbar

verwalten?

Wie kann Maschine
die Bedeutung der
Sensoren-Parameter
verstehen?
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Wie kann die Semantik untergebracht werden?
Ontologisches Modell

- Wérterbuch, Taxonomie Ontologie

+ Ontologie
* Verwaltung von Daten-Konzepten Taxonomie
* Beziehung zwischen Daten

 Klare Definition der Begriffe

'§ Electric/electronic components (IEC 61360-4)

° Ska“el"bal’ (=) 0112/2///61360_4#AAA001 - component
#-{_) AAAQO2 - electric/ electronic component

#-{_) AAA147 - electromechanical component

» Als Graph Database gespeichert werden (] AAA21S - magnetic part
#-{ ) 0112/2///61360_4#AAA218 - material
kann =) 0112/2///61360_4#AAA233 - feature

#-{_) AAA234 - complex number value

. . + 235 - toleranced value
® dle Daten mlt Query Language Verwalten = ‘j mﬁsz-:environmental conditions
) AAA621 - temperature
und abrufen [} AAAG22 - humidity

{ ) AAA624 - pressure
{ ) AAA625 - ambient air composition
[} AAA626 - location

EC International Electrotechnical Commission

o IEC 61360-4 - IEC/SC 3D - Common Data Dictionary (CDD - V2.0015.0002)
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Heterogene Daten in einheitliche Format transformieren
Mit expliziter Semantik

Entwicklung eines Ontologie-Modells fur die semi-automatisierte Datenintegration

1. Entwicklung eines Ontologie-Modells
» Die Datenmerkmale in der Ontologie

werden semantisch annotiert

]

%E-‘

Ontologlsches Modell
als Referenz

07.07.2025 7
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Entwicklung eines Ontologie-Modells
Verfugbare Merkmale-Definition aus Normen

— CLASS

SACHGEBIET

HAUPTGRUPPE

GRUPPE °

KLASSIFIKATIONSKLASSE
APPLIKATIONSKLASSE .BASIC*

Merkmal
[ ]

Wert

APPLIKATIONSKLASSE .ADVANCED"

Merkmal

Wert

[4]

Universitat Stuttgart

ECLASS

Auf internationalen Normen
basierende Repository an
beschreibenden Merkmalen
Eindeutige
Konzeptbeschreibung

1EC

Industriegebiet

|IEC-62264

" Enterprise

* Informationsaustausch
« Fertigungsnahe
Unternehmensbereiche

2 Transport
System

5]
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Entwicklung eines Ontologie-Modells
Reuse der Ontologie als Quelle der semantischen Daten aus Ontologien

 Verfugbare Ontologien

,,.-'—";,{_ﬁc?!ule -
e
SR

» Domanenspezifische Ontologie
* SSN (Semantic Sensor Network)

« SOSA (Sensor, Observation, Sample, and
Actuator)

Nt Mogi

Sensor,
Observation, ‘

Sample, and
Actuator |
(50sA) : &

» Generelle Ontologie

* Dublin Core (DC) Ontology
Friend Of A Friend (FOAF) Ontology
REPRODUCE-ME Ontology

- normative GOOdI’e|atI0nS (GC) OntOIOgy
[ 1 non-normative

& Alignm

ﬁ ;}E;‘;‘
=
[ ] [ ]

Semanticscience Integrated Ontology (S10)

Quelle [6]

@ ReproduceMeOn CoodRelations SIO
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/~ Annotation Properties

Entwicklung eines Ontologie-Modells Classes & Object 2 Object Proporties
Ontologisches Modell als Referenz SOSA(sosa:Sensor), F%Ciilgeds:;;fgt?onr;m;'
_ [Eay Fiowsensor SSN(ssn:Property) REPRODUCE-ME: describe,
- L address, ...:
[' SensorForRadar ] // @ \SIO: equivalentTo, Brand, ...;
/ GC: hasBrand. ..
| o cF;:roe SensorSwit ‘ ".II P yd

- Ao 1EC 1EC GoodRelations

",
|! TemperatureSens J . | S & *
=

or WA

/
./ S
— Nl EquipmentCapaci 58 Eosoment ReproduceMeOn
— tyTestResultinf... Jepmen’
- CapacitiveSenso <}— -
I T E

/ Equimentigpabi SIO
/ECLASS SSN ?/I Iy TestSpedt
= Y@ sensornfo

&)

_

® Optoelectronics - A
ensor , ..“/..-- I E(E
Safaty-relatedO 1EC ['i EquipmentLevel . =
ptoalectronicSe. .. L] ye . E;_l.ll_ipr;:;\m:pabi I EC _-
- | estResu “ o
IEC | PhysicalAssetin ‘ w _|*® neight
I e

—

-
- A N—_CLI}SS SQSA\

~ ) maxAmbientTempe o P T
mture o o~ F 9 .
o 7 '/ "'\_\ \‘\\ = Scaningle

width = \ §
WavelengthOfThe = —
Sensors L A addressOfAdditi
Brand [ minAmbientTemy onallink

ratu e I

A
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Semi-automatisierte Datenintegration
Um manuellen Aufwand zu sparen

Entwicklung eines Ontologie-Modells fur die semi-automatisierte Datenintegration
1.

2. Semi-automatisierte Datenintegration
* Um den manuellen Aufwand bei der

Datenintegration zu sparen

ﬁ Schlussel-Wert-Paare ﬁ

Das entwickelte

Ontologie-Modell

Universitat Stuttgart 07.07.2025
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Semi-automatisierte Datenintegration
Wie sieht die Quelldaten aus

TIM551-2050001 | TiMSxx TIM551-2050001 | TiM5xx

2D LASER SCANNERS 2D LASER SCANNERS
Ordering information Housing color Grey (RAL 7032)
Enclosure rating 1967 [N 80529/A1:2000.02)
Protection class 1l (EN 80950-1/A11 (2008-03))
TIMS53-2050002 £ Weight 250 ¢, withaur cannecting cablez
e mogE 20 dscemanee Dimensions (Lx W x H) 60 mm:x 60 mm x 88 mm
Ambient data
Object remission 2% 1000 % (rfectars)
2 {200r01) /EN
Vibration resistance EN 6008826 (2008:02)
Shock resistance £N 60088227 (200905
Ambient operating temperature. -25-c.ss0°C
ce —

Detailed technical data

Ambient light immunity

General notes

80,000 Ik

Note on use [ ——
Features Classifications
Field of application Ourdear ECI@ss 5.0 27270930
e Irdrred (850 am) ECigss 514 27270990
Laser class 1. eye-cefe (EN B0825-1 (2007-10)) = e
Aperture angle 27 ECIgss 6.2 27270813
Scanning frequency 15Hz ECig@ss 7.0 27270913
Angular resalution 1 ECIGss 80 27270913
Operating range 0.05m..10m ECi@ss 81 27270913
Max_range with 10 % reflectivity Bm ECi@ss 3.0 27270813

ETIM 5.0 ECO02550

Performance ENM 6.0 ECo02550
e T UNSPSC 16,0901 261716820
Detectable object shape Almost any
Systematic error £60mm

TIM551-2050001 Statsticalaror 20

TiM5xx Intsrfaces
Ethemet 'l
uss . micra USB

SICK - [

2D LASER SCANNERS Sensor Intelligence. Switohing inpurts orPNey
Switching outputs 1 (PP "SYNGdevice reacy)
Optical indicators 2LED= (ON. “device resdy’]
Mechanics/electrenics
Electrical connection 1 x“Ethemet” conncotion, 4-pin M12 femle cannestor

1.« comnection “Pavwer/Synchronicasion eutput- & pin, M12 male connecaor
1 4 Nicro USE female connecor, wpe B

Operating voltage evDC..28VDC 2015.06.28 150833 | Onins datmshant
— - — e ———

Universitat Stuttgart
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Semi-automatisierte Datenintegration
Wie sieht die Quelldaten aus

TIM551-2050001 | TiMS5xx TIM551-2050001 | TiM5xx
2D LASER SCANNERS 2D LASER SCANNERS
Operating range diagram Dimensional drawing (Dimensions in mm (inch) 1 SICK AT A GLANCE
Scomingrangeinm feq s120m i oK i one of
# E i ons. & un roducts

§ @ s we  wide rnge fnduct e
| mems. witn we can deiver need. In n
@ Europe. Asia and North America. system solutions are tested and optimized in accordance with customer

specifications. Al this makes us 2 relizsle suppiier and development partner.

L affering: SICK L

6100 zeny
chine life cycle and ensure safety and productiity.

For us, that is “Sensor Intlligence.”

4 w0 6 20 2 & 10
uisy (@ay (wbs) @36 ©56 (969 i (B9

‘Scanning range in m(feet)
[ Sconning range max. 10m (32 81 feet)

Scanning range ypical 8m (26,25 eet)
0 tor coects upto 10.% remission

Overview

More than just object detection: The TiM5xx 2D LIDAR sensor is a non-contact ranging solution within the
TiM series from SICK. Thanks to its HDDM technology, the TiM5xx is able to menitor large areas in indoor
and outdeor applications - regardless of the surface or ambient light. Enclosed in a compact, rugged
housing, the TiM5xx provides accurate measurement data from the scanned surface, making it possible
to determine additional information such as the size and shape of objects. The TiM5xx is flexible for use
in avariety of industrial applications as well as in building automation. The integrated Ethernet interface
makes for easy implementation and remote maintenance. The TiMSxx is an efficient solution for
stationary use as well as for use on automated guided vehicles (AVG) and in other mobile applications,

Recommended accessories
L rpr——

Brief description Type Partno.
Mounting brackets and mounting plates
3 a Mounting kit with 3un shade /weather prate ction Mournting kit 2085398 At a glance
Dhugconnectors and eablos = Monitoring area of up to 1,470 m? with just one sensor
\ E::;&.kmnm, S-pin, straight. A-coded ::;:j::r 6026159 : ::;,n ambient light tolerance due to HDDM technalogy
Va Cable: crieided, 5 m nector- open) ugged housing with up to an IP 67 enclosure rating

5 * Low power cansumption (typ. 4 W)
Fead & male conmector, M12. dpin, srsght, Doded Gomectionc- 8050200
\ Hand B maie ccnecto, RIAE, Bpin. uaight E @ Swivelconnector uric = Compact design with a housing height of just 86 mm maximum
", Cabl: Enames, sutabie fo refrigerston, zheided, 5.m sormaie connecior] o e o e
\ e N T e ] el I g ;n’::‘:l::m:ﬂ(;ﬁ;n::n;ﬁ Soin 22 maecomnesor Integrated Ethernet interface
N 8 “Ethemer” i ® Long sensing range of up to max. 25 m
e

Fead 3: male connestor, 145, i, bt .
= Industry-standard design and M12 male connector

 strght
Cable: Ethernes drag chain uce. FUR, shislded. 5 m

@ Area
@ Desring marking to zupport lignment (90" xiz)
@ Apenture angls 270" [sesnming sngle)

SICKAG | Waidkirch | Germony | winesickom Sensor Intelligence.

sere = o de b | 2018106 28130853
D1606.35.15.0553 | Duon des home DETECTION ARD RAMGING SOLIONS [SiK 5

[N ——
S ———
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Semi-automatisierte Datenintegration
Daten-Transformation

Detailed technical data

Features

p—

Tabelle

A
—

Texte

Universitat Stuttgart

Light source

Laser class

Aperture angle

Scanning frequency

Angular resolution

Operating range

Max. range with 10 % reflectivity

Performance
Response time
Detectable object shape
Systematic error

Statistical error

Outdoor

Infrared (850 nm)

1, eye-safe (EN 60825-1 (2007-10))
270°

15 Hz

1°

0.05m...10m

8m

Typ. 67 ms
Almost any
+ 60 mm

20 mm

(@ 2 x straight plates with M3 x 4 mm screw (included in delivery)
(@ M3 threaded mounting hole, 2.8 mm deep (blind hole thread)

(@ Optical hood
(@ Receiving range (light inlet)

(® Transmission range (light emission)

® Push-button (no function)

(@ Red and green LED (status displays)

(® Swivel connector unit

@ Micro USB female connector, type B
@) Connection “Power/Synchronization output” 5-pin, M12 male connector

@ Marking for the position of the light emission level

(@ “Ethernet” connection, 4-pin M12 female connector

@ Area in which no reflective surfaces are allowed for mounted devices
(# Bearing marking to support alignment (90° axis)

@ Aperture angle 270° (scanning angle)

sosa:Sensor

Brand

. hasSubclass

Reaction
Time

N

addressOf
AdditionalLink

Light
Source

N
?2??
FieldOf
hasSubclass Application
ModelName: Scan
?2?? Angle
LaserClass
WavelengthOf
TheSensors

Das entwickelte
Ontologie-Modell

Wie kann das Vorgang automatisiert werden?

07.07.2025 14




Durch Einsatz von Natural-Language-Processing-Methode
Ermittlung von semantischen Ahnlichkeit mit Neural-Language-Model

0.75

Semantischer Ahnlichkeitswert [0, 1]

1

Vergleich

/v cosine(x,y) \

Vektor

1

Neural-Language-Model

1

Standardisierte Eigenschafts-Meta-

Beschreibung:

“Reaction time: Maximum time between the
occurrence of an event that leads to the activation
of the sensor part and the achieving of the OFF
state for the output switch elements (OSSDs)”

hasProperty
sosa:Sensor e

Universitat Stuttgart

ReactionTime

Vektor Detailed technical data
Features
t Field of application Outdoor
Light source Infrared (850 nm)
t Laser class 1, eye-safe (EN 60825-1 (2007-10))
Aperture angle 270°
“ReSponse ﬁme,, Scanning frequency 15 Hz
Angular resolution 1°
Operating range 0.05m..10m
Max. range with 10 % reflectivity 8m
Performance

Typ. 67 ms
Detectable object shape Almost any
Systematic error +60 mm
Statistical error 20 mm

Quelle: [12]

07.07.2025 15



Semi-automatisierte Datenintegration mit NLP-Methode

Max. range with 10 % reflectivity
Performance

Response time.

Detectable object shape.
Systematic error

Statistical error

—

Qutdoor

S Application :

Infrared (850 nm)

1, eye-safe (EN 60825-1

(2007-10))
270°
Scanning frequency 15 Hz
Angular resolution 1°
Operating range 0.05m...10m
Max. range with 10 %
L 8m
reflectivity
< Response time > Typ. 67 ms
Detectable object shape Almost any
Systematic error + 60 mm
Statistical error 20 mm

Universitat Stuttgart

Tabelle

—>

Similarity 2 0.65

Neural

Language Model

—> Schliissel-Wert-Paare

( sosa:.Sensor )
\)\\

Outdoor
Typ. 67 ms
&2
Brand hasSubclass '8&
hasResult \4
?2?? .
Reaction —— FieldOf 0.65
0.75 Jim hasSubclass plicatio
hasResul
addressOf ModelName: m
AdditionalLink ??7? NAngle/]
S (\Source 1.0
& WavelengthOf
> TheSensors hasResult
Infrared \
1, eye-safe
(850 nm) (EN 60825-1

(2007-10))

07.07.2025 16



Semi-automatisierte Datenintegration
Daten-Transformation von Textsatz zum Ontologiemodell (3 Methode)

Detailed technical data

hasResult

»| 270°

Scan
Angle

I'-'\hnlic)ét: 0.55

Andere Methode?

2 x straight plates with M3 X\ mm screw (included in delivery)

M3 threaded mounting hole, A8 mm deep (blind hole thread)

Optical hood

Receiving range (light inlet)

Transmission range (light emissiory

Push-button (no function)

Red and green LED (status displays)

Swivel connector unit

Micro USB female connector, type B

Connection “Power/Synchronization outpk” 5-pin, M12 male connector

Marking for the position of the light emissiof level

“Ethernet” connection, 4-pin M12 female corkiector

Area in which no reflective surfaces are allowe¥ for mounted devices

Bearing marking to support alignment (90° axis

Aperture angle 270° (scanning angle)
- S—

Features @
Application Outdoor @
Light source Infrared (850 nm) @
Laser class 1, eye-safe (EN 60825-1 (2007-10)) @

JAperture angle 270° %
Scanning frequency 15 Hz @
Angular resolution 1°
Operating range 0.05m ... 10 m ®
Max. range with 10 % reflectivity 8m
Performance g
Response time Typ. 67 ms @
Detectable object shape Almost any (14)
Systematic error + 60 mm @
Statistical error 20 mm

Universitat Stuttgart
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Semi-automatisierte Datenintegration
Daten-Transformation von Textsatz zum Ontologiemodell (3 Methode)

Data type:
REAL_MEASURE

Angle within which a probe body
with a diameter of the specified
detection capacity within the
usable distance(specified entry
distance) is detected

| rdfs:comment |

Subcla

( ssn:Property )

0173-1#02-BAD897#006

skos:definition

Degree [unit of degree] (°) J

1. Tokenization
“‘Aperture angle 270° (scanning angle)”

-------—

scanning angle )

Text Aperture angle 270
D> O ( )

Lemma aperture angle

POS NOUN Noun Caup CQOU®  PUNCT  NOUN @ PUNCT
compound ROOT nummod appos punct appos punct

Scan hasResult
> 270°
Angle

Dep

Universitat Stuttgart
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Semi-automatisierte Datenintegration mit NLP-Methode
Daten-Transformation von Textsatz zum Ontologiemodell

Overview
More than just object detection: The TiM5xx 2D LIDAR sensor is a non-contact ranging solution within the

TiM series from SICK. Thanks to its HDDM technology, theis able to monitor large areas in indoor
and outdoor applications - regardless of the surface or ambient light. Enclosed in a compact, rugged
housing, thprovides accurate measurement data from the scanned surface, making it possible
to determine additional information such as the size and shape of objects. This flexible for use
in a variety of industrial applications as well as in building automation. The integrated Ethernet interface
makes for easy implementation and remote maintenance. Theis an efficient solution for

stationary use as well as for use on automated guided vehicles (AVG) and in other mobile applications.

2. Named Entitiy Recognition

Natural
Language
Processing Tool

—_— Schliissel-Wert-Paare

spaCy

The TiM5xx eropuct 2D laser scanner is a non-contact ranging solution within the TiM eropbucr

( TiM5xx )

ﬁ ModelName: ﬁ SubclassOf SICK ﬁ

( TiM5xx )

series from SICK ore.

TiM5xx Meist frequent .

TiM TiM5xx

Universitat Stuttgart

Brand

hasResult

A 4

SICK
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Semi-automatisierte Datenintegration mit NLP-Methode
Daten-Transformation von Textsatz zum Ontologiemodell

Natural
Language

More than just object detection: The TiM5xx 2D LiDAR sensor is a non-contact ranging solution within the Processmg Tool
TiM series from SICK. Thanks to its HDDM technology, theis able to monitor large areas in indoor ﬁ Sch I ussel_we rt_Paare
and outdoor applications - regardless of the surface or ambient light. Enclosed in a compact, rugged

housing, thprovides accurate measurement data from the scanned surface, making it possible SpaCy

to determine additional information such as the size and shape of objects. This flexible for use
in a variety of industrial applications as well as in building automation. The integrated Ethernet interface
makes for easy implementation and remote maintenance. Theis an efficient solution for
stationary use as well as for use on automated guided vehicles (AVG) and in other mobile applications.

Overview

3. Dependency Parsing: ,,Noun-Chunk*

The TiM5xx 2D laserGeannc s EEESONSERERGESONNGN . i ISNMNSENE o SICK.

Chunk.Root abgleichen

hasSubclass hasSubclass hasSubclass hasSubclass
Laser - Safety-related Safety-related
< Optoelectronic )
- = < Sensor sosa:Sensor Optoelectronic ase
Sensor CScannep
0.45

0.60
Similarity

SubclassOf Laser
—>
Scanner

Universitat Stuttgart 07.07.2025 20



Ergebnisse

NLP Neural Model v String Matching || IRl e

Merkmale aus

Precision Recall

Ontologie
+ Die Datentransformation von /aT— e | e
Datenmerkmale aus demselben SubClassOf 50% 50%
Hersteller (SICK Sensor) Brand 83.3%  83.3%
. e ddressOf
- 6 Technische Spezifikationen (PDF) e 66.7%  66.7%
von 2 Sensortypen, davon:
yp FieldOfApplication 50% 50%
» 3 Laser Scanner —
ReactionTime 100% 100%
» 3 Safety-related Laser Scanner ScanAngle 66.7%  66.7%
LaserClass 100% 100%
LightSource 100% 100%
WavelLengthOfThe 100% 100%
l Sensors
Insgesamt mit 80% 69.4%

aller Merkmale

07.07.2025 21
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Ergebnisse
Generalisierbarkeit

« SICK VS andere 8 Marke
» Leica, BANNER, LEUZE, OMRON,
PHARO, HOKUYO, ROCKWELL,
DATALOGIC
* 15 Technische Spezifikationen:
* 4 Laser Scanner,
» 11 Safety-related Laser Scanner

Designed for use on or around dangerous areas, accesses, and
hazardous points, the SafeZone 3 is the next generation safety laser
scanner platform that features high definition distance measurement
scanning technology. This scanning technology improves the

Universitat Stuttgart

_ SICK Andere Marke

Merkmale aus

Ontologie Precision Recall Precision Recall
ModelName 83.3% 83.3% 44 .4% 44 .4%
SubClassOf 50% 50% 66.7% 66.7%
Brand 83.3% 83.3% 66.7% 66.7%
Ajgiﬂgisjaak 66.7%  66.7%  44.4%  44.4%

[ FieldOfApplication 50% 50% 0 0 ]
ReactionTime 100% 100% 77.8% 60%
ScanAngle 66.7% 66.7% 55.6% 50%
LaserClass 100% 100% 77.8% 44 4%
LightSource 100% 100% 77.8% 100%
Wa"eSL::Sggr‘Sﬂhe 100%  100%  100%  100%

l ;ﬁ?ﬁ:ﬂ;’;‘; 80%  69.4%  60.4% 48.2%]

07.07.2025 22



Zusammenfassung und Ausblick

» Automatisierte Datentransformation
- Zeit und Kosten sparen, indem die heterogenen Daten in einer einheitlichen Form
automatisch transformiert werden. (Semantisch wohl-definiert)

» Fur technische Spezifikation von gleicher Hersteller:

» circa 80% in Precision und 70% in Recall

« Zeit zu suchen ist dabei gespart, aber man sollte die Ergebnisse noch uUberprifen. (semi-automatisiert)

* Generalisierbarkeit (mit anderen hersteller-spezifischen Dokumenten):

« circa 60% in Precision und 50% in Recall

* Ausblick

-+ Softwareprodukt entwickeln, um die Datenintegration zu erleichtern.

Universitat Stuttgart 07.07.2025 23
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