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Track record: transport
infrastructure

* Network Rail:
» Biodiversity Action Plan
» Biodiversity Baseline
» Lineside 2035

* International Union of Railways:
» European Railways: Strategy &
Actions for Biodiversity
» Guidelines for Managing
Railway Assets for Biodiversity

e Kier Highways
» Improving habitat connectivity in
Devon and Cornwall

UK Centre for
Ecology & Hydrology

UIC SUSTAINABILITY

European Railways:
Strategy and Actions for Biodiversity

Ecological Effects of Railways on Wildlife (rEVERSE) Project
May 2022

Biodiversity Action Plan

A lineside managed sustainably for safety,
performance, the environment,
our customers and our neighbours
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Land cover and habltat
assessment

* Integration of high-resolution
satellite sensors, contextual data
and ground survey

* Detailed maps of habitat type
and condition with estimates of
accuracy

* Reproducible and able to detect
change

UK Centre for
Ecology & Hydrology



it 3m and 10m UK habitat mapping
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* Land Cover Map
produced every year

* Maps going back >30
years

* New capability in 1m
to 3m habitat mapping
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Monitoring and assessmg
biodiversity

e Assessment and validation of
structured recording schemes and
citizen science records

* Production of headline biodiversity
indicators, trends and benchmarks

* Forms the basis of many models of
species relationship to habitats
and landscape

UK Centre for Bioloaical
. Ecology & Hydrology .JNCC @ Rleocgrgdlﬁientre



Biodiversity

Biodiversity
hotspot mapping
for the Essex rail
region

' UK Centre for
Ecology & Hydrology
( 3 Biological
@10 Records Centre

Rare species diversity per 1km

Cell TQ5479:
85 Priority species recorded
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Group Richness
Plants 4

Lichens 1
Butterflies + Moths 11

Bees 10
Otherinvertebrates 11

Birds 46
Mammals 1

Herptiles 1

Richness
1-15
16 - 40

= 41-155

Cell TQS263:
12 Priority species recorded

Group Richness
Plants 1
Bees 5
Otherinvertebrates 2
Birds 4

NetworkRail
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ZUCEVA Autonomous biodiversity monitoring
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 Combines computer vision and eco-
acoustics to provide continuous and
standardised monitoring of key indicator
species — moths, bats, birds amphibians and
crickets

* Validated against traditional recording
methods
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Biodiversity opportunities

* High quality data on the type, condition
and location of environmental assets can
be used to identify opportunities for
ecosystem protection and restoration

* Online tools can make this process
accessible

UK Centre for
Ecology & Hydrology




Kl Habitat connectivity along railways
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pnwsilp Opportunities for habitat restoration

opportunities

=
¥ Combined score Combined score
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Summary

1. Experience of monitoring, managing and
restoring biodiversity in linear infrastructure

2. Use of advanced sensor technology:

 Reproducible, validated maps of habitat
type and condition from high resolution
satellite data

 Computer vision & eco-acoustic monitoring
using Al

3. Modelling of biodiversity data to provide
indicators, metrics and trends

4. Proven tools and models to identify
opportunities for biodiversity restoration

UK Centre for
Ecology & Hydrology




Thank you &
Questions

For more information
please contact:

R.Pywell@ceh.ac.uk

helcos@ceh.ac.uk

ceh.ac.uk

UK Centre for
Ecology & Hydrology
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\l V) / Ground Vibrations Prediction Tool : possible contribution
YN

SEM3D : time-domain 3D wave propagation (spectral elements)

Parallel, efficient (even on Amazon cloud);

@ no periodicity hypothesis (geometrical uncertainties), curves, non-linearities ;
@ usable both for noise (acoustics) and soil vibrations ;

@ open source and freely available https://github.com/sem3d/SEM

Good choice for reference simulations, or for a new generation of prediction tools
(cloud-based, with a user-friendly interface to be developed)

Impact of heterogeneities of the ballast on ground vibrations

1. L. DE ABREU CORREA et al. “Randomly-fluctuating heterogeneous continuum model of a granular medium”. In
Comp. Mech. 60.5 (2017), p. 845-861. DOI : 10.1007/s00466-017-1446-8

R. Cottereau (CNRS) - Europe’s Rail Joint Undertaking Info Day, online, Oct. '23 -
2/4

1 aboratoire de Mécaniatie et d’'Acotietialie


https://doi.org/10.1007/s00466-017-1446-8

\l\/\ Other possible contributions
A\

3/4

@ Modeling of track irregularities and impact on train dynamic behavior?
@ Noise measurements and state-of-the-art anechoic chambers
@ Contact mechanics and fatigue at the track-rail interface

Figure 25. PSD of contact forces, front wheelset in alignment, variable velocity (frst row acceleration,
second row breaking). Experimental data (red line), numerical simulations with (dashed blue line) and
without (dotted black line) iregularites.

2. A. PANUNZIO et al. “Construction of a stochastic model of track geometry irregularities and validation through
experimental measurements of dynamic loading”. In : Vehicle Syst. Dyn. 55.3 (2017), p. 399-426. DOI
10.1080/00423114.2016.1269935

R. Cottereau (CNRS) - Europe’s Rail Joint Undertaking Info Day, online, Oct. '23 -

1 aboratoire de Mécaniatie et d'Acotietialie


https://doi.org/10.1080/00423114.2016.1269935
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MARSEILLE
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Régis COTTEREAU
Aix Marseille Univ, CNRS, Centrale Marseille, LMA UMR7031, France




Fraunhofer HHI .

Audiovisual Simulations «

s B

for Planning and Commt



Capture & Display Systems Group at Fraunhofer HHI

Immersive Rooms & Audiovisual Simulations & Multi Sensoric

Real-Time Interaction Remote Trainings Systems

\

Christoph Ende ~ Fraunhofer
HHI



Why acoustic simulations are necessary

B Infrastructure planning processes suffer from long
delays, also due to public reservations regarding
noise pollution

B Current communication of noise level predictions
using isophones and average SPL not intuitively
understandable for laymen

©DB Netz, Froelich & Sporbeck, Project Kurve Kassel,
Location Vellmar
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3D Audio Recordings

Simulation of

Noise Propagation

& Protection

Audio Database

3D Planning Data (BIM) 360 Video Capturing

e

Immersive Rooms

(Info Point Noise Protection)

UHD

Audio & Video

Master

Visualization
Now &

Prospectively

=

AR/VR

©)

Mobile
Reproduction

Web Applications

© Fraunhofer HHI | 04.10.2023 | 4
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State of the art of solutions

Regionalexpress - ohne Schallschutzwand Geisfelder Strale

] | 1/ ~

v s

Giterzug

Aulten 4 m

35 m  Innen (mitig) . 5 m
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© Fraunhofer HHI | 04.10.2023 | 5 Christoph Ende  Fraunhofer
HHI



State of the art of solutions

Regionalexpress - mittlere Schallschutzwand Geisfelder Strale
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LarmSchutzWand Innen (mittig): 3.5m  Inn

Forchheimer Geisfelder
Strale Strale

Christoph Ende ~ Fraunhofer
HHI




State of the art of solutions

Regionalexpress - hohe Schallschutzwand Geisfelder StralRe

T au

) 3.5 m Finnen (minig) =S

Geisfelder Memmelisdorfer
Stralle Strale

Die Larmminderungswirkung ist im Vergleich zur mittleren Wandhohe um 4 - 5 dB besser

Christoph Ende ~ Fraunhofer
HHI




Project EAV-Infra

Z: ) A|PLUSI|S

MOHLER+PARTNER
P INGENIEURE AG

EAV|||||INFRA

Z Fraunhofer

HHI

BIM Planning

Acoustics /

Psychoacoustics

Railway Service
Provider

:

:

;

Immersive Media

}

|

Auralization and visualization of sound propagation
and noise control measures for infrastructure projects

Supported by:

* Federal Ministry
for Economic Affairs

and Climate Action

on the basis of a decision
by the German Bundestag

© Fraunhofer HHI | 04.10.2023 | 8

Christoph Ende
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Expected Results

EAVI[lINFRA

Railway Sound Source
Measurements Database

|

Psychoacoustic
Module

Auralization

BIM Scene Sound Propagation Audiovisual
Model Simulation real-time Environment

Feedback to Planning Software

© Fraunhofer HHI | 04.10.2023 | 9

Christoph Ende
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Fraunhofer Institute for Telecommunications,
Heinrich-Hertz-Institut, HHI

WE PUT SCIENCE
INTO ACTION.

Christoph Ende
Einsteinufer 37
10587 Berlin

+49 30 31002 883
christoph.ende@hhi.fraunhofer.de

==
~ Fraunhofer
HHI
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SINTEF

Norwegian centre
for railway sound |
& vibration
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SINTEF

Industrial

ultrasound
transducer design
signal analysis
non-linear responses

defects in concrete

SINTEF acoustics

Environmental

noise propagation

numerical modelling
(e.g., CNOSSQOS)

noise classification
machine learning

Impact & annoyance

Communication
* Audiology

* Technology for
hearing preservation

* Binaural technologies

* Speech processing

Technology for a better society



!\' Sound & vibration
1’4 <
2
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SINTEF
Challenges:
- noise
- vibrations i&

- structural vibrations

- infrastructure damage
- human health

-
& |

- description of source
- coupling of waves

L

o
=>

~4 7
Use: ’ \\E&
- condition monitoring AN ‘
. ’\
(track, train,

infrastructure, geology)
- warning systems \\k

Technology for a better society

» Increase in train traffic - Increase of noise & vibration




sl Norwegian centre for railway sound & vibration

Data infrastructure we)

Propagation

1 Database + 2 Labs + 3 Test sides -> moveable equipment

Railway
Noise &
Vibration

Economy

OTS: On-train stations Avoidance, mitigation, screening Receiver
RS: Railside stations

PS: Portable stations
Digital Human perception infrastructure wea

SINTEF Narvik NG' H.RSJIR @ NTNU BANE NOR Technology for a better society

Industry




Research interests —>
skl possible applications g !

* Application possibilities of this
infrastructure in international projects

Specific interests SINTEF acoustics:

¢ source
— better classification of the source,
— better description of the source for modelling

* coupling between sound and vibrations

* condition monitoring of infrastructure

— early damage detection
— non-linearity -> early crack detection

* understanding of mitigation measures

# 2 better society

anja.diez@sintef.no 4, _
et | |



Signalton Technology

Digital Signal Processing Solutions for Smart Sensor Systems

Smart Home, Building, City, Transportation, Industry, Energy and Environment

Nail Cadall, Ph.D.
Founder and CEO/CTO

Ankara, Turkey
wWwWww.signalton.com. tr

October 2023



http://www.signalton.com.tr/

About Signalton Technology _3;?2:!;:;;'

7N

Vision State-of-the-Art DSP Techniques and Algorithms for Real-World Problems

Expertise Signal Analysis (Acoustic/Audio, Vibration) Control
Image Processing / Computer Vision Al / Machine Learning

Electronic Design Embedded Systems Algorithms and Software

Experience 130+ Years (Team'’s total in academy and industry)

Focus Wireless Sensor Networks Custom DSP Systems loT

Edge/Cloud Computing  Smart System Applications Informatics



Signalicn

Edge Computing and loT Systems T echnalogy
©
| Electronic Design
o-- @ ©.
©) T @ ©
© @© @ @ Embedded Software

oL/ @ @
®@g0 ©

© : Sensor Network
©

e Smart home, building, city, transportation,

Artificial Intelligence

Cloud Informatics

industry, energy and environment DataMote Software

* Real-time sensing and actuation.

* High-speed wireless connectivity. \ lj aaaaaaa I User Interfaces/Apps

« Artificial intelligence (Al) at the edge or cloud. mmw  (Web / Mobile)

* Rapid customization (size, function, cost). All components developed in-house by Signalton.



Real-Time Al Signal Analysis (edge/cloud)

Signal Classification
based on
machine learning

Matlab/Octave suite (signal
analysis, training, and
performance evaluation)

Acoustic environment classification

Embedded Code

Av%gg(iHR vs FAR (Test, frame-based) with Min/Max HR over Realizations CIaSSiﬁcation
X CleanSpeech hr:91.2, far:1.3 . )
< InCarSposch hrdi. 1, far5.5 * Acoustic fault detection of
Noise hr:83.1, far:3.9 e|ectric motors

Hit Rate (percent)

90

80

70

60 [

50

40

30

Signalicn

\\\II/’ L4
Sl echnaclagy

Tested successfully for
e Acoustic environment

N

High performance * Voice activity detection

* Speech detection

* Face detection (image/video)
* Face recognition

* Object detection and tracking
* Predictive/Preventive

I I
10 20

t Real-time processing

SigMote

30 40 50 maintenance

False Alarm Rate (percent)

e Vibration analysis
* |oT data collection

* Rapid customization to any signal database
* Option to run at the edge or on the cloud

« System-wide performance optimization given
any use case




Signaltan
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Al-Based Edge Computing and loT Applications

DSAR
Disaster Search and Rescue, survivor detection
(Smart City, Resilience)

AQNS
Air Quality and Noise Sensing
(Smart city, transportation, environment)

. Locomopt
N Micromobility Vehicle Tracking and Control
(V)

(Smart City, Transportation)

SigMote

Acoustic/Vibration Analysis, Anomaly Detection,
Preventive/Predictive Maintenance

DataMote

(Industry 4.0, Smart Manufacturing, Energy)

Image/Video Object Identification,
Process Control, Automation, Workforce Safety and Health
(Industry 4.0, Smart Manufacturing)




Locomopt Micromobility System

GIS ¢ Satellite Data

Cloud
(Internet)
Sensor Data
GNSS (GPS/Galileo)
Accelerometer/IMU External
Contextual
Other optional Data
sensors \
Cellular 2G/4G ((c )))
| Edge Data

Bluetooth
uetoo - (Pre-Processed)

DataMote (loT Device)

Location Tracking \

-

-4+— Battery

E-Scooter

h Data Analysis

NS O S

Ul LOCOMOPT
Cloud Informatics Platform

Data Presentation

Data / Information
Storage

Vehicle Sharing System

E-Vehicle Fleet

Signalion
i< Technalogy

Micromobility + general loT
applications.

ARM processor.

Real-time operation (TI-RTOS)
Long-range connectivity: 4G/LTE
Location: GNSS (GPS)

Short-range connectivity:
Bluetooth

Vibration sensor with fall/motion
detection.

23



Locomopt Cloud Informatics Platform

« Software developed in-house.

g $
7l
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Y
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y
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* Full customization for specific
features and requirements.

* E-vehicle tracking using location
data from DataMote.

* Shared e-vehicles (fleet rentals).

e Cacdst

ormani

rrrrrr
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Tire Failure Early Warning based on Vibration Analysis 4

Tire Endurance Testing

‘, p =~

Anomaly Detection and Early Warning System
Based on Predictive/Preventive Maintenance

with Application to Tire Failure

End-to-end solution development for Data Collection Unit
(Based on DataMote and a high-accuracy vibration sensor).

a strategic large-industry partner.

System deployed and data collection started at the factory
(April 2023).

50



Signalian
1< Technalogy

\

Contact

Nail Cadalli, Ph.D.
Founder, CEO/CTO

Location: Ankara, Turkey

E-mail: info@signalton.com.tr
nail.cadalli@signalton.com.tr

Website: www.signalton.com.tr

Phone: +90-(533)-348-3873

87



UNIVERSITY OF TWENTE.

Applications
Expertise: Track
* Matthijn de Rooij (UT-ET-STT) e Rail
* Richard Loendersloot (UT-ET-DBM; Possible . Catenary

* Paul Havinga (UT-EEMCS-PS / TNO)
* Michael Yang (UT-ITC-SU)
* Jan Braaksma (UT-ET-ME)

Bridges

SO\

future
state

Current
state

Solution

/ :

By means of

Feed into

Generic model applied to railway infrastructure (mainly FA3, crosslinks to FA2 and FA4).



DYNAMICS BASED MAINTENANCE

Railway Bridge Damage Detection

The research proposes a method to identify damage by observing
the change in the instantaneous frequency using the Wavelet
Synchro-Squeezed Transformation (WSST) during the traverse
phase, which is when a train passes over the bridge.

e . . . Mostafa N., et. al (2022)
5% MassRatio
15% Massratio 332 mm
< |  eeessssm 20% MassRatio '
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> _R.E % . Control Turning *E 0.3 Entrance phase Traverse phase Leaving phase
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30 mm Distance travelled by bogie [m]

»
P

50 mm ' 40 mm

Experimental set-up (scaled) by Patrick Boersma




Surface Technology and
Tribology Group (STT)
Capabilities

e Wheel rail simulator CRT-1
* Traction / adhesion measurements
e Wear and RCF measurements

Separate brake module
with brake force sensors

* Rolling contact fatigue and traction /
adhesion modelling

* Concept Wheel-rail adhesion
measurement for train operations

Prof.dr.ir. M.B. de Rooij UNIVERSITY | Surface Technology
m.b.derooij@utwente.nl QF TWENTE. and Tribology



mailto:m.b.derooij@utwente.nl

Surface Technology and Tribology and
Dynamics Based Maintenance

Noise and Vibration

* Relation train dynamics / train-track interaction and surface
interactions

 Lubrication and contact dynamics
* Traction / adhesion modelling & measurement
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7:;': | Leentje Volker
A= full prof.
Prof.dr.ing.
Sebastian Thiede
full prof.

UT-WIDE EXPERTISE IN
DISRUPTIVE ASSET MANAGEMENT

Sustainability/Circularity

Augmented and Virtual Reality

Change Management/Orqg. behaviour

Prof.dr.ing.
Bojana Rosic
full prof.
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Prof.dr.ir. Bart
Nieuwenhuis
full prof.

Prof.dr. Jos van
Hillegersberg &)
full prof.
/N

Dr. Engin Topan
assistant prof.

Risk and Safety Management

University of
Twente Expertise

Dr. Matthieu van
der Heijden
associate prof. full prof.

Servitisation

Supply Chain Management

Sensing and Networks

Data Science & Artificial Intelligence
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full prof.
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Tinga
full prof.

Prof.dr. Paul

Physics of Failure

Surface technology and Tribology

Dr.ir. Annemieke
Meghoe, assistant
prof.

Robotics

Maintenance Engineering & Management
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associate prof.

Dr. Jan
Braaksma,
associate prof.
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Dr. Mohammad
Rajabali Nejad
assistant prof.
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Prof.dr.ir. Pieter
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full prof.
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DISRUPTIVE ASSETS MANAGEMENT
SOLUTIONS, INCLUDING URBAN USE CASES




UNIVERSITY OF TWENTE.

Applications
Expertise: Track
* Matthijn de Rooij (UT-ET-STT) e Rail
* Richard Loendersloot (UT-ET-DBM; Possible . Catenary

* Paul Havinga (UT-EEMCS-PS / TNO)
* Michael Yang (UT-ITC-SU)
* Jan Braaksma (UT-ET-ME)

Bridges

SO\

future
state

Current
state

Solution

/ :

By means of

Feed into

Generic model applied to railway infrastructure (mainly FA3, crosslinks to FA2 and FA4).



DYNAMICS BASED MAINTENANCE

Predictive Maintenance

* Prediction of rail wear using meta-models
* Rail wear prediction still based on linear extrapolation

* Rails are operated in highly demanding and varying conditions
e Meta-models for fast communication between autonomous

sensor systems, users and infrastructure Managers

* Model simulates scenarios that have not occurred before

* Model takes into account uncertainty to accurately predict RUL

with less computational effort

* Interaction of rail wear and rolling contact fatigue
* Rails are exposed to multiple failure mechanisms
e Solve the challenge of interacting failure mechanisms
through meta-models

Meghoe A., et. al (2019)

Dominant
parameters
rail profile
curve radius
rail cant
vehicle speed
vehicle type
wheel profile
axle load
rail hardness

i
- wear

|
|

|

! — 2
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Meta-models

Step 1 Step 2
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Accumulate
damage

! :
' [amount | |
: :
1| of wear | !

,,,,,,,,,,,,,



DYNAMICS BASED MAINTENANCE

Railway Bridge Damage Detection

The research proposes a method to identify damage by observing
the change in the instantaneous frequency using the Wavelet
Synchro-Squeezed Transformation (WSST) during the traverse
phase, which is when a train passes over the bridge.

e . . . Mostafa N., et. al (2022)
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Surface Technology and
Tribology Group (STT)
Capabilities

e Wheel rail simulator CRT-1
* Traction / adhesion measurements
e Wear and RCF measurements

Separate brake module
with brake force sensors

* Rolling contact fatigue and traction /
adhesion modelling

* Concept Wheel-rail adhesion
measurement for train operations

Prof.dr.ir. M.B. de Rooij UNIVERSITY | Surface Technology
m.b.derooij@utwente.nl QF TWENTE. and Tribology
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Asset Management & Maintenance Engineering | S/ S i

= Research in close cooperation with industry
= Strong link with European and National Railway sector ©

m FExpertise in rail sector with recent projects on:
= Risk and introduction management, e.g.anti-fragility, resilience
= QOrganizing predictive maintenance
= Sustainable asset management (e.q. digitalisation/ eco-labeling)
= Business case for Autonomous Transport Automation

= Systems integration/systems thinking, IT/OT convergence/digitalisation, application of
technologies in maintenance: augmented reality,

= Coordination of interorganizatonal cooperation, knowledge management, /ntrbduction
management)

= |ink with World Class Maintenance

>
w

| Fee Raily e e UNIVERSITY
w J;_M TH Zoropes M OF TWENTE.
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Who is GS1 (Global System One)
A worldwide, international association sans but lucratif (AISBL)

( ) 4 )
Not-for-Profit 1 50 1 1 4
Countries Local offices
\_ . \_ J
4 ) 4 )
| 7 2,0
International and locally Billion scanned Mio. members
_  barcodes daily ) g globally -
a4 b ™\
Founded by companies to 6‘500 20
help companies members in CH Different sectors, from
. / retail to contrstruction and
rail )
. Countries with a GS1 office . Countries served by the GS1 global office

1 The Global Language of Business 2
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European Rail Corridors
Main Challenges for Vehicle Owners and Operators

There is no common event
repository to track a rail car
journey across Europe for all

parties involved.

« Vehicle owners and/or
holders

« ECM maintainers
- Railway undertakers

- Railway infrastructure
operators

®
@1 The Global Language of Business 3
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Scaling is a challenge
The issue lies in the high number of parties and connection points

1 The Global Language of Business

Switzerland




Standards already existing
To gradually solve this issue standards have been developed

(8

Identification of Components and Parts in
the Rail Industry - Application Standard
Rules on the use of the GS1 keys and attributes for the

identification and marking of components and parts in the rail
industry

Release 1.1, Ratified, Sep 2018

GIAI

EN 17230

EUROPEAN STANDARD
NORME EUROPEENNE
EUROPAISCHE NORM

November 2020

1CS 35.040.50; 35.240.60

English Version

Information technology - RFID in rail

ies de I : par -RFID in Ei

®

1

Switzerland

dans le secteur

‘This European Standard was approved by CEN on 11 October 2020.

CEN members are bound to comply with the CEN/CENELEC Internal Regulations which supulale the conditions for iving this
European Standard the status of a national standard without any alteration. Up-to-date
concerning such national standards may be obtained on application to the CEN-CENELEC Mnmgemclll Centre or to any CEN

mamha

The Global Language of Business

@©-

Exchange of component/part lifecycle
data in the rail industry Application
Standard

Exchange of visibility event data for lifecycle tracking of

crucial and safety relevant MRO-objects across
manufacturing, maintenance, repair and overhaul processes.

Release 1.0.1, Ratified, Feb 2018

EPCIS




EPCIS is the theoretical solution
With the standards we now have theoretically everything in place

c2

A2

@
Q

o
cL

C3

3

1 The Global Language of Business
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Where do we find the different repositories?
So far, the ONS (Object Name Service) has been missing

« The ONS keeps the information

stored, where the information is

« The internet knows precisely the
same architecture. It is called DNS
(Domain Name Service). Different
servers keep the info where the
web pages we are looking for are
located.

« The most well-known: IP 8.8.8.8
(Google DNS Server)

@
Switzerland

Architecture Framework
Certfcate Proie

)

| Object Name Service (ONS)

EPC Information Services (EPCIS)

Application Level Events (ALE)

)
Tag Protocol - UHF Class 1 Gen 2 J

Data Interface
Standards Standards

Low-Level Reader Protocol (LLRP)

Standards
J in development

The Global Language of Business

Exchange

Capture

Identify




We have developed the first working PoC
The GS1 Discovery Service is the first working ONS

We have built a Proof of Concept @1

(PoC) ONS Discovery Service Switzerland

It is based on privacy require- Welcome to GS1Discovery
ments by our rall memberSh|p Your EPC Discovery Dashboard
Community. Username

- Access to the ONS-service is

restricted (password protected) Password

- Access to the data is again
governed by the owner of the

data (not by the ONS-service) m

®
@1 The Global Language of Business
Switzerland




What's the goal?

The goal is to gradually standardize and connect repositories.

sewicht L[tBewicht R

Event declarations
Data remains private

Event declarations
Data remains private

1 The Global Language of Business 9
Switzerland




Thank you very much

Switzerland

Dominik Halbeisen

Solutions Expert Technical
Industries

\, +4158800 72 38

p¥d doh@gsl.ch

@ www.gsl.ch

The Global Language of Business
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The Research & Development Center

AUTOMOTIVE

FUNDED BY:

= Federal Ministry

| . "= Federal Ministry
Re.publlc of .Austrla. Republic of Austria F F G
Climate Action, Environment, Digital and S e

Energy, Mobility,
Innovation and Technology

Economic Affairs

% Das Land YSFGY)

Steiermark
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VIRTUAL VEHICLE - VDR

virtual {} vehicle

Founded: 2002
Staff: ~350
Operating Income: ~25 Mio. EUR

Located in: Graz

Dr. Jost Bernasch
Managing Director

Prof. Steffan, Hermann
Scientific Lead

11



Key research areas and expertise virtual {J vehicle
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Key research areas and expertise virtual {J vehicle

Vehicle/Track
Interaction

l ’ \,q\‘

» Profound knowledge of physics

» Modelling of complex interactions
and phenomena

» Wheel/Rail profile evolution

» Wheel/Rail surface damage

» Wheel/Rail contact phenomena
»  Friction management

» Track degradation

» Noise & Vibrations

02.10.2023 / Peter Perstel VIRTUAL VEHICLE - VDR 13



Key research areas and expertise

Vehicle/Track
Interaction

Vehicle Dynamics &
Operation Analysis

l ’ \,q\‘

Profound knowledge of physics »

Modelling of complex interactions

and phenomena »
Wheel/Rail profile evolution
Wheel/Rail surface damage »
Wheel/Rail contact phenomena »
Friction management

Track degradation »

Noise & Vibrations

02.10.2023 / Peter Perstel

Profound knowledge of vehicle
system dynamics

Simulation and modelling of
vehicle/track interaction

Vehicle and track parameter
identification

Virtual homologation of running
behaviour (EN 14363)

Probabilistic vehicle and track
design

VIRTUAL VEHICLE - VDR

virtual .*:} vehicle
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Key research areas and expertise

Vehicle/Track
Interaction

MEAIEIS IDYIETLES (= Monitoring & Diagnosis

Operation Analysis

Algorithm Development

Profound knowledge of physics

Modelling of complex interactions
and phenomena

Wheel/Rail profile evolution
Wheel/Rail surface damage
Wheel/Rail contact phenomena
Friction management

Track degradation

Noise & Vibrations

02.10.2023 / Peter Perstel

»

»

»

»

»

Profound knowledge of vehicle » Profound context-based knowledge
system dynamics » Algorithm development based on
Simulation and modelling of hybrid approaches

vehicle/track interaction » Model-based and data-driven

Vehicle and track parameter diagnosis and prognosis methods

identification » Monitoring, diagnosis and prognosis
Virtual homologation of running of vehicle components

behaviour (EN 14363) » Track monitoring and assessment
Probabilistic vehicle and track via on-board and wayside

design monitoring systems

VIRTUAL VEHICLE - VDR

virtual i} vehicle
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Key research areas and expertise

virtual {} vehicle

Vehicle/Track
Interaction

Vehicle Dynamics &
Operation Analysis

Monitoring & Diagnosis

Modet- Data-
based driven

Approact)

Q.

Digital Twins Network
Component
1\ Production
H ) System
{ A Produgt in use
5&' } P,
'l;_ . |}\\i g,
/ ) v ‘
% Y
\& /T, HY
Product %, (%" '}I',
& Pnﬂucli;ﬁg'\:’\mlll in
\ aperation
%, System System in use
T P
FR 77k
(L3 n—= { (o)

»
»

~

)
»

Profound knowledge of physics

Modelling of complex interactions
and phenomena

Wheel/Rail profile evolution
Wheel/Rail surface damage
Wheel/Rail contact phenomena
Friction management

Track degradation

Noise & Vibrations

02.10.2023 / Peter Perstel

»

»

»

»

»

Profound knowledge of vehicle
system dynamics

Simulation and modelling of
vehicle/track interaction

Vehicle and track parameter
identification

Virtual homologation of running
behaviour (EN 14363)

Probabilistic vehicle and track
design

»

»

»

»

Profound context-based knowledge

Algorithm development based on
hybrid approaches

Model-based and data-driven
diagnosis and prognosis methods

Monitoring, diagnosis and prognosis
of vehicle components

Track monitoring and assessment
via on-board and wayside
monitoring systems

VIRTUAL VEHICLE - VDR

»

»

Vertical integration:
Analysis of interaction between
digital twins

Horizontal integration:
System or component behaviour
during all life cycle phases

Single point of truth:
Consistent and continuous system
data and models

16



Wheel/Rail Interaction & Deterioration Phenomena

Wheel/Rail
Interaction

Operation
Friction Management
Environment

02.10.2023 / Peter Perstel

VIRTUAL VEHICLE - VDR

virtual .‘z} vehicle
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Wheel/Rail Interaction & Deterioration Phenomena virtual {J vehicle

Wheel/Rail
Interaction

Damage & Deterioration
Operation =5 - « RCF

Friction Management : * Wear

Environment + Track settlement

02.10.2023 / Peter Perstel VIRTUAL VEHICLE - VDR 18



Wheel/Rail Interaction & Deterioration Phenomena virtual {J vehicle

A fast, reliable and practical method to predict wheel
profile evolution

ietmar Hartwich!, Gabor Miiller!, Alexander Meierhofer’, Danijel Obadic?, Mart
Rosenberger?, Roger Lewis® and Klaus Six!

! Virtual Vehicle Research GmbH. Graz, Austria
* Siemens Mobility Austria GmbH, Graz, Austria
* The University of Sheffield. Department of Mechanical Engineering. Sheffield, UK
dietmar.hartwic 2¢c2.at

L d

Vehi Cle Influence of service conditions / vehicle types Wear area evolution
o § [
Wheel/Rail ,..g i M
Interaction ; .4 motor bogi (atbration) \/

wear area

Profile 2

curve radii distribution Profile 1 :‘x; Predicted states
" ©.g. trailer bogie (validation) —
cg GPSdata mEEp mileage
gy
Inputs describing service conditions, R
= A Field observations - 5 V'\ 7
Damage & Deterioration / N
. wheel profile measurement data. \
H ° “trailer and motor bogies - | g, — tread 1
Operatlon W RCF “different vehicle types wu'n!:lius normal  material —
L " =different service conditions removal across the wheel Each
Friction Management - « Wear ot S U s 8 St
wear area

Environment ; * Track settlement

02.10.2023 / Peter Perstel VIRTUAL VEHICLE - VDR 19



Wheel/Rail Interaction & Deterioration Phenomena virtual {J vehicle

sz Vehicle System Dynamics
International Journal of Vehicle Mechanics and Mobility

ISSN: (Print) (Onli

A whole system model framework to predict
damage in turnouts

K. Six, K. Sazgetdinov, N. Kumar, G. Mdller, D. Velic, W. Daves, R. Skrypnyk &
B.A. Palsson 1

Initial track y | [nitial rail profites |
L 4

IR

E J‘ whnglpwﬁl!s

Ea-d vehicle T e
. . ™ervice conditions

lumnul Iayuul “- N\

low spee namlr. slmulatinn
(Mﬁl“s nose
swm.h blade wheel-rail inurh:,e data

I.Ipda‘ted track geometry
Updated rail profiles

Wheel/Rail T

Interaction

slmu!anuns Track settlement due lRall dama;e Simulations
0 dysamic forces I’mﬂ!l:h.mduzluwzlr
‘Wear & RCF in curved track and pl i
o #E

[ wedee model 181 | | crossingnose | [ switch slade
‘ Linear settiement & 1 s o d states
P ? = A phate O G ¥ —
3 ¥ s ¥ L'T \ 0 > 3
S No. of cycles (N) . 1

. T l
Damage & Deterioration e x| - Vf§ ‘ / g}
Operation + RCF P i Lt — ) — |
Friction Management .. « Wear ol e e s 3 o ~
Environment - » Track settlement —
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Wheel/Rail Interaction & Deterioration Phenomena virtual {J vehicle

Vehicle System Dynamics
International Journal of Vehicle Mechanics and Mobility

ISSN: (Print) (Online) J

A whole system model framework to predict
damage in turnouts

K. Six, K. Sazgetdinov, N. Kumar, G. Mdller, D. Velic, W. Daves, R. Skrypnyk &
B.A. Palsson 1

Initial track y | [nitial rail profites |
k2
e’
p A\ "o

el vehicle b © 7 e
. . ™ervice conditions

~tumout Iayuul

sabie yoed
low spee namic simulation

(!OSSIHS nose

swm.h blade wheel-rail int!rh:e data

Vehicle . . -
- : Material Modelling
WhEE|/Ra|| . . VTI Simulations Tﬂcksmlamcmdue IRiI| damage 5lmu|3|'l°"5,| Profile change du towear /,
_ » Severe plastic deformation % tomamictorees || |\ car g mcr i corveatrack | |
T =g

I.Ipdated track geometry
Updated rail profiles

Interaction , ) ,

° Thermal phasle Change ‘ [mmMudelll,I I Cmssm:me ] Switch Blade st
- Ballast behaviour . § it i SR —
X ¥ ¥V ¥ F°F "T No. of cycles (N) \¢ e 5 —

[P tS TESCADIg SErATE CoRaan L | I
. . Field observations - [=Profile 1]
Damage & Deterloratlon wheel profile measurement data 4 Q ‘ ::’Eﬂ‘ 2]
tread

. - P = - . RC F ~trailer and motor bogies P = fange {
Operation g - diffeent vehice types siear staes el ratel
L " =different service conditions removal across the wheel [d(h
- *  Wear e
.

Friction Management
Environment + Track settlement

VIRTUAL VEHICLE - VDR 21
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Wheel/Rail Interaction & Deterioration Phenomena

virtual .‘z} vehicle

Contents lists available at ScienceDirect

Wear

journal homepage: www.elsevier.com/locate/wear

Development of white etching layers on rails: simulations @t,_,\m
and experiments

C. Bernsteiner **, G. Miiller *, A. Meierhofer”, K. Six*, D. Kiinstner ", P. Dietmaier

* Virtual Vehicle Research Genter, Inflekigasse 21/AR 8010 Graz, Austria ict
* vorstalpine Schienen CmibH, Kerpelystrafie 199, 8700 Leoben/Donawitz, Ausiria
* Graz University of Technology, Instisute of Applied Mechanics, Technikersaofie 411, 8010 Graz, Ausiria surface

Skrypnyk &

sub-surfar,e
®o'c

Vi

X . CracKs I’
Sliding bed bulk material
e

0.5 mm

% I :;"'I:’c":‘zl:::' I"‘h“‘ I lwhul—rall intlrh:e:.;:a I,
Material Modelling = S AN

Wheel/Rail VT1 Simulations Track settlement due IRaiI damage Simulations e cna /)
. i 1 e spmtn aaling Profile chane due to wear [
Iteiaction Severe plastic deformation % [ ErTT——
* Thermal phase change T g

1
X ’3‘ T [ Wedge Model [8) I I Crossing nose ] Switch Blade e
- Ballast behaviour P .,.y"g Wit et PAEEE —
1 s i, SN No. of cycles (N) - B

Updated rail profiles

[P Sescomg service conattion L | I
; ' Damage & Deterioration P —] \Q | / =
. -4 B - 3 - r l|' m " i 2iq - e H
Operation - - RCF e e —
Friction Management .. «  Wear ol ZSTQT'TL.‘J'?Z;ZEA.‘,“?LJ:';: ~
Environment » Track settlement

02.10.2023 / Peter Perstel
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Wheel/Rail Interaction & Deterioration Phenomena virtual {J vehicle

Contents lists available at ScienceDirect

Wear

journal homepage: www.elsevier.com/locate/wear —
Development of white etching layers on rails: simulations @cm\m
and experiments

C. Bernsteiner **, G. Miiller *, A. Meierhofer”, K. Six*, D. Kiinstner ", P. Dietmaier

* Virtual Vehicle Research Genter, Inflekigasse 21/AR 8010 Graz, Austria ict
* vorstalpine Schienen CmibH, Kerpelystrafie 199, 8700 Leoben/Donawitz, Ausiria
* Graz University of Technology, Instisute of Applied Mechanics, Technikersaofie 411, 8010 Graz, Ausiria surface

Skrypnyk &

Wheel-Rail Contact

- sub-surface
* Normal contact ‘w’/w; .‘ 1
* Adhesion vt NH L
« 3 BOdy Layer Sliding bed cracks in® \

bulk material *_
i

05 m

“ 0

1
Wl

Updated rail profiles

%I :::::‘:I::? Iwhul I lwhul-rall interface data l wﬁa
Vehicle . . —_
- Material Modelling > V4 AN

Wheel/Rail

5 q VT1 Simulations Track settlement due Rail damage Simulations /A
Iteraction Severe plastic deformation % - [ L'—‘———J,—]w",,mrmm e é;
‘ Thermal phasle Change ?‘ ”g [ Wedge Model (8] I I Crossing nose ] Switch Blade o
+ Ballast behaviour JS—— .."§ i PAEE e |
P f F § ¢7E No. of cycles (N) b - —
s T I /

. A Field observations . T~~~ —Prafi |
; Damage & Deterioration —— \%ﬁ%—/ == e
Operation . - * RCF -irailer and motor bogies mmp | tange] e A ==l

. different vehicle types wear states: normal material  —
Friction Management : .+ Wear Sl i e = /—/
Environment * Track settlement

02.10.2023 / Peter Perstel VIRTUAL VEHICLE - VDR 23




Wheel/Rail Interaction & Deterioration Phenomena

Operation
Friction Management
Environment

02.10.2023 / Peter Perstel

Wheel/Rail
Interaction

Vehicle System Dynamics
International journal of Vehicle Mechanics and Mobility

Challenges and progress in the understanding and

Contents lists available at ScienceDirect

Wear

journal homepage: www.elsevier.com/locate/wear

modelling of the wheel-rail creep forces

Edwin Vollebregt, Klaus Six & Oldrich Polach

Coulomb mammum. MR
Kaiker mooey
L Y couflicient of fricbon & M,.,,,..,,,,.,.l Falingricton
st
- )

Crep forca

™ Reduced intial skope:

Creep tovee
Crmwptorce

a) i b) Creen )

Wheel-Rail Contact
* Normal contact 7
« Adhesion i
+ 3 Body Layer

Sliding bed

bulk material
e

cracks in’

0.5 mm

t of white etching layers on rails: simulations
ents

. G. Miiller *, A. Meierhofer”, K. Six*, D. Kiinstner ", P. Dietmaier

fenter, inflekigasse 21/AR 8010 Graz, Austria
PH. Kerpelystrafie 199. 8700 Leoben/Donawitz, Ausiria

agy. Institute of Applied Mechanics, Technikersorofie 411, 8010 Graz, Austria surface

sub-surfar,e
®o'c

1 wrm

1
Wl

virtual .‘z} vehicle

ict

Skrypnyk &

Updated rail profiles

« Wear
* Track settlement

“trailer and motor bogies M
“different vehicle types
different service conditions
etc.

-

flange tread
wear states: normal material
removal across the wheel Each
wear state represents a certain
wear area

%I :;:::I':I:I::? Iwhul I lwhul—rall interface data I,

Material Modelling - ' / , M 7

i . VT1 Simulations [ Track settlement due IRiI| damage 5'"‘_____""3“""5 ,,H,m“h.m“,.,“., {

» Severe plastic deformation % todynamictorces || [ e e incurved tack | |
*  Thermal phase change g - [t ] [ mneree | [unsmae] | [
- Ballast behaviour b e o | T ot

g 7 ; v - - phate & > Y
L Y No, of cycles (N) 4 =
lmpuum TITBIME SETVICE CONAIIoN: TR I | ] /

- . Field observations . — Proile 1
Daigag: & Deterioration e et [ Y | ==

VIRTUAL VEHICLE - VDR
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Wheel/Rail Interaction & Deterioration Phenomena

Noise & Vibrations

* Modular approach

*  Combination of sub-modules to describe
complex situations

Wheel/Rail
Interaction

Operation
Friction Management
Environment

02.10.2023 / Peter Perstel

Vehicle System Dynamics
International journal of Vehicle Mechanics and Mobility

virtual {} vehicle

Challenges and progress in the understanding and
modelling of the wheel-rail creep forces

Contents lists available at ScienceDirect

Wear

journal homepage: www.elsevier.com/locate/wear

Edwin Vollebregt, Klaus Six & Oldrich Polach

Coulomb mammum. MR
bt cooflcentolobon o
. |

ents

Faingtrcten
coefigert

- )

Crep forca

Creep tovee
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Normal contact
Adhesion
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! Rail
.
Sliding bed

bulk material *_
e

cracks in’

05 m

t of white etching layers on rails: simulations

surface

. G. Miiller *, A. Meierhofer”, K. Six*, D. Kiinstner ", P. Dietmaier
fenter. Inflekigasse 2I/AR 8010 Craz. Austria

P Kerpelystrafie 199. 8700 Leoben/Donawitz, Ausiria
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0 1
Wl

Material Modelling
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* Thermal phase change
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l wheel-rail interface data l
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Updated rail profiles
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IRall damage Simulations e S A
‘Wear & RCF in curved track and plasth

VT1 Simulations [ Track settlement due
% vy

% ]

l ’/

« Wear
* Track settlement

=different service conditions
setc.
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“§ 3§ ¥ FTTE” § ; —
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. RCF ';r?;iera:'d r;‘wt!wllwﬂ-cs - = | fange ~—" tread T - 1
“different vehicle types.

wear

removal across the wheel Each
wear state represents a certain
wear area

states: normal material
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Wheel/Rail Interaction & Deterioration Phenomena

Noise & Vibrations

Vehicle System Dynamics
International journal of Vehicle Mechanics and Mobility

virtual .‘z} vehicle

Challenges and progress in the understanding and
modelling of the wheel-rail creep forces

Edwin Vollebregt, Klaus Six & Oldrich Polach

maomum, Mesdmum
couflcient of frichon

Kaikar theoey
Faingtrcten

coefigert

}

Slower banson l

.

Crep forca
Creep tovee
Croep torce

™ Reduced intial skope:

* Modular approach
+ Combination of sub-modules to describe
complex situations

Wheel/Rail
Interaction

Operation
Friction Management
Environment

02.10.2023 / Peter Perstel

Wheel-Rail Contact

Normal contact

Contents lists available at ScienceDirect

Wear

journal homepage: www.elsevier.com/locate/wear

t of white etching layers on rails: simulations
ents

fenter, inflekigasse 21/AR 8010 Graz, Austria
PH. Kerpelystrafie 199. 8700 Leoben/Donawitz, Ausiria

agy. Institute of Applied Mechanics, Technikersorofie 411, 8010 Graz, Austria

Adhesion
3 Body Layer

. G. Miiller *, A. Meierhofer”, K. Six*, D. Kiinstner ", P. Dietmaier

surface

ict

Skrypnyk &

Material Modelling
» Severe plastic deformation
* Thermal phase change

! Rail

it il " é
Sliding bed ;‘J;"ng g
o O : : i
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»’% T g
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Wear & RCF in curved track and plasth ]r
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[MdgeMudel[lli I Crossing nose ] Switch Blade
T = -
g | ICERE {
$

« RCF
« Wear
* Track settlement

«different vehicle types
~different service conditions
setc.

+ Ballast behaviour RS § et et e
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[P Sescomg service conattion L | I
Damage & Deterioration r—t | Y | =
wheel profile measurement data; \ — Enew |
“trailer and motor bogies M = | flange tread T

wear states: normal material
removal across the wheel. Each
te represents 3 certain

VIRTUAL VEHICLE - VDR

26




Vehicle Dynamics & Operation Analysis virtual {J vehicle

Homologation Operation

02.10.2023 / Peter Perstel VIRTUAL VEHICLE - VDR 27



Vehicle Dynamics & Operation Analysis virtual {J vehicle

Homologation Operation

Ij_\ Probabilistic Design

» Dimensioning of design parameters
based on varying operating conditions

02.10.2023 / Peter Perstel VIRTUAL VEHICLE - VDR 28



virtual {} vehicle

Vehicle Dynamics & Operation Analysis

@  Homologation O Operation

Ll . .
|f\ Probabilistic Design 7=| Virtual Homologation
» Dimensioning of design parameters » Methods for quantifying uncertainties
based on varying operating conditions in the model validation process

» Automation of calculation methods for
vehicle homologation
» Methods for the parameterization of simulation models
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Vehicle Dynamics & Operation Analysis virtual {J vehicle

@  Homologation O Operation

o — . . . .
j\ Probabilistic Design ¢=| Virtual Homologation @ Operational Analysis
o —
» Dimensioning of design parameters » Methods for quantifying uncertainties » Description of operating conditions
based on varying operating conditions in the model validation process » Generation of load assumptions
» Automation of calculation methods for » Scenarios for virtual vehicle design

vehicle homologation
» Methods for the parameterization of simulation models
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Vehicle Dynamics & Operation Analysis virtual {J vehicle

@  Homologation O Operation

J\_ Probabilistic Design Z=| Virtual Homologation

» Dimensioning of design parameters » Methods for quantifying uncertainties » Description of operating conditions
based on varying operating conditions in the model validation process » Generation of load assumptions
» Automation of calculation methods for » Scenarios for virtual vehicle design

vehicle homologation
» Methods for the parameterization of simulation models
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Monitoring & Diagnosis virtual { vehicle
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Monitoring & Diagnosis virtual { vehicle

.
£y Algorithm Development g

» Model-based methods for monitoring of
component states

» Data-driven methods for high  complex
systems
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Monitoring & Diagnosis virtual { vehicle

Algorithm Development

Model [ Data-
based driven

!

O Algorithm Development

» Model-based methods for monitoring of
component states

» Data-driven methods for high  complex M
systems

@ Context-based Knowledge

» Description and understanding of
physical effects based on
simulations and testing

@ Data Acquisition

» Measurement equipment for ,Proof-
of Concept’ analysis
» Evaluation of innovative sensor concepts
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Monitoring & Diagnosis virtual { vehicle

Algorithm Development

Model- ) Data-
based ] driven

g Vehicle Monitoring O Algorithm Development

» Model-based methods for monitoring of
component states

» Data-driven methods for high  complex
systems

» Monitoring of bogie components

» Sensor concepts for component
monitoring

» Estimation of operating conditions

@ Context-based Knowledge

» Description and understanding of
physical effects based on
simulations and testing

@ Data Acquisition

» Measurement equipment for ,Proof-
of Concept’ analysis
» Evaluation of innovative sensor concepts

-
P e T I S

462 001

02.10.2023 / Peter Perstel VIRTUAL VEHICLE - VDR 35



Monitoring & Diagnosis virtual { vehicle

o

g Vehicle Monitoring O Algorithm Development

Algorithm Development

» Model-based methods for monitoring of
component states

» Data-driven methods for high  complex
systems

» Monitoring of bogie components

» Sensor concepts for component
monitoring

» Estimation of operating conditions

Triple__H ybri d'
Approach

Knowledge Generation

@ Context-based Knowledge

TR IR e » Description and understanding of
2 e physical effects based on
simulations and testing

@ Data Acquisition

» Measurement equipment for ,Proof-
of Concept’ analysis
» Evaluation of innovative sensor concepts

’é Track Monitoring

» Monitoring of switch components
» Detection of rail surface defects (e.g. corrugation, squats)
» Anomaly detection & assessment of track irregularities
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Monitoring & Diagnosis virtual { vehicle

g Vehicle Monitoring QQ Algorithm Development

» Monitoring of bogie components

» Model-based methods for monitoring of
component states

» Data-driven methods for high  complex
systems

Available online at www.sciencedirect.com

ScienceDirect I FA Paﬁﬁés

CONFERENCE PAPER ARCHIVE

IFAC PapersOnLane 51-24 (2018) 1330-1335

Railway Suspension System Fault Diagnosis
using Cubature Kalman Filter Techniques

Selma Zoljic-Beglerovic*** ' Georg Stettinger*
Bernd Luber* Martin Horn**

stry
ber} fivece.at)
tion and Control,

@ Context-based Knowledge

» Description and understanding of
physical effects based on
simulations and testing

@ Data Acquisition

= ming | g
.‘: ’ Pa ™y =3 mgus

» Monitoring of switch components » Measuremfent equipment for ,Proof-
» Detection of rail surface defects (e.g. corrugation, squats) of Conc.ept ar.1aly5|s )
» Anomaly detection & assessment of track irregularities » Evaluation of innovative sensor concepts
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Monitoring & Diagnosis

virtual .*:} vehicle

g Vehicle Monitoring Qa Algorithm Development

» Monitoring of bogie components » Model-based methods for monitoring of

comnnneant ctatec

Available online at www.sciencedirect.com

IFAC: Fepers Data-driven fault diagnosis of bogie suspension components with on- for high  complex
ScienceDirect P line board acoustic sensors
CONFERENCE PAPER ARCHIVE
TEAG PRpumOnLie 3)-34/(018) 134051805 Felix Sorribes-Palmer', Bernd Luber?, Josef Fuchs®, Thomas Kemn*and Martin Rosenberger®
Railway Suspension System Fault Diagnosis 123 Virtual Vehicle Research GmbH, Inffeldgasse 21a, 8010, Graz, Austria
using Cubature Kalman Filter Techniques 43 Siemens Mobility Austria GmbH, Eggenberger Str. 31, 8020 Graz, Austria
Selma Zoljic-Beglerovic*** ! Georg Stettinger *
Bernd Luber* Martin Horn**

* VIRTUAL VEHICLE Research Center, Gz, Austria, (e-mail: e R

{selma. zoljic-beglerovie; georg.stettinger; bernd.luber) Ghv2c2.at)
** Graz University of Technology, Institute of Autemation and Control,

Graz, Austria, (e-mail: martin.hornGtugraz.at)
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@ Context-based Knowledge

r » Description and understanding of

physical effects based on
simulations and testing

@ Data Acquisition

Normalond e item i,

» Monitoring of switch components » Measuremfent equipment for ,Proof-
» Detection of rail surface defects (e.g. corrugation, squats) of Conc.ept ar'laly5|s )
» Anomaly detection & assessment of track irregularities » Evaluation of innovative sensor concepts
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Monitoring & Diagnosis

Vehicle Monitoring

Available online at www.sciencedirect.com
ScienceDirect

IFAC PapersOnLane 51-24 (2018) 1330-1335
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» Monitoring of bogie components

Railway Suspension System Fault Diagnosis
using Cubature Kalman Filter Techniques

Selma Zoljic-Beglerovic*** ' Georg Stettinger*
Bernd Luber* Martin Horn**
E Research Center, Graz, Austria, (e-mail:
beglerovic; georg.stettinger; bernd. luber) Gv2c2.at)
ity of Technology, Institute of Automation and Conirol,
Graz, Austria, (e-mail: martin horn@tugraz.at)
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comnnneant ctatec

Algorithm Development

» Model-based methods for monitoring of

virtual .‘z} vehicle

Algorithm Development

IFAC e

CONFERENCE PAPER ARCHIVE

alunt oitiems ¥,

Data-driven fault diagnosis of bogie suspension components with on-

board acoustic sensors

Felix Sorribes-Palmer', Bernd Luber?, Josef Fuchs®, Thomas Kemn*and Martin Rosenberger®

123 Virtual Vehicle Research GmbH, Inffeldgasse 21a, 8010, Graz, Austria

43 Siemens Mobility Austria GmbH, Eggenberger Sir. 31, 8020 Graz, Austria
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A methodology for alignment of measured rail profiles in
turnouts as a basis for reliable vehicle/track interaction
simulations

Josef Fuchs (9, Gabor Miiller?, Kamil Sazgetdinov &2, Erich Wipﬂerb and
Ingolf Nerlich®

3Virtual Vehicle Ressarch GmbH, Graz, Austria; Pvoestalpine Turnout Technology Zeltweg GmbH, Zeltweg,
Austria; “SBB AG, Bern, Switzerland

» Monitoring of switch components

» Detection of rail surface defects (e.g. corrugation, squats)
» Anomaly detection & assessment of track irregularities
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of Concept’ analysis
» Evaluation of innovative sensor concepts
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Digital Twin Network virtual { vehicle
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Simulation Runtime
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Model Integration
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—xpanding the
scope of condition
MONILoring tools

Swedish company Railway Metrics & Dynamics has developed a low-power monitoring
unit initially aimed at addressing rolling stock faults such as wheel flats. Now, as CEO
Jan Lindqvist explains, the company is exploring how infrastructure can be monitored
more effectively as well.

RMD nominated for
European railway
innovation award

Railway Metrics and Dynamics AB (RMD) has been nominated for
the prestigious ERCI Innovation Awards together with industry
colleague Strainlabs.

- 4
ERCI About~  Members Projects ~  Whatwedo~ News Events Contacts

EURAILCLUSTERS

ERCI - Européan Rallway Clusters Initiative
ERCI Innovation Award & Special prize ERCI EUROPE!SKA UMONEN
Europeiska regionala

Achievement Award utvecklingsfonden

RMD signs e
agreement with
Trafikverket

Railway Metrics and Dynamics AB has today
signed a contract with Trafikverket, the Swedish

RMD in expert panel at
major European rail
conference

“Rail digitisation is more than vehicle positioning and maintenance
windows. It is only when we fully share data that we will see the
really big benefits”. This was the message from Jan Lindqvist. CEO
of RMD, speaking at Rail Transport Day in Stockholm on 30 May

2023.
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‘a MAINTENANCE + ECM INFRASTRUCTURE RAILWAY DASHBOARD
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Dashboard

Help
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OUR PLATFORM A SYSTEM OF SYSTEMS

Uniform cases and software for
- Vehicle monitoring
- Infrastructure monitoring

Industry quality. Fulfills applicable standards (CE, EN, ATEX...)

PMU

Railway Camera

Load sensor



Our sensors in operation




PMU today

A system for vehicles and

infrastructure

’
Derailments, Wheel flats
“High alert and Crush
Warning” wounds
Trends Train
(DTFI) consisting/
rack

; Track setting Geo Fencing
(sinus)
A ~
‘nm“] x |
Late Train Ride index Driver
Mail behaviour

energy index




RMD Solutions: The Performance Monitoring
Unit (PMU)

» Multiple ways of mounting the PMU on
wagon frame or boogie

» Super-efficient energy management (up to
6 years non-stop battery use, solar power
optional)

e PMU'’s also communicate with the cloud
(2G to 5G)

* Measures accelerations (vibrations) in
three directions, GPS position and speed

« Continuous or event triggered
measurements

« Can connect to external sensors as temp.
moisture, etc




Vehicle monitoring

e Varje matning innehaller

o Fordonets respons (accelerationer)
o Position
O Hastighet

e Datan efterbehandlas for att framhava felen
o Filtrering
o Statistik analys

e Behov av visualisering

e RMD utvecklat verktyg for att granska data

Railway Metrics and Dynamics
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Infrastructure monitoring

(under development with Swedish track authority Trafikverket)

Easy overview through RMD signs

heat maps agreement with
Analysis of railway Trafikverket
sections over time H

Railway Metrics and Dynamics AB has today

as signed a contract with Trafikverket, the Swedish
3 Transport Authority. The innovation procurement
E g5 will be activated in phases, and if all requirements
TrendS over tl me :;;; are met along the way, the contract value will be
‘ » 3 approximately SEK 25 million over a period of three
Compare geographic

years. The value of the current work in phases 1-3

HH is SEK 7,326,000.
stamps over time
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Innovation project with Swedish Transport Administration

e |n short - to monitor railway infrastructure
o Track and catenary system

e Instrumenting vehicles with PMUs to
o Measure track and detect track irregularities
o Measure overhead lines to detect anomalies

e Analyze the data to provide status over the railway infrastructure

® Decision support — maintenance actions
® Show changes over time to infrastructure

Railway Metrics and Dynamics



Part of system of systems

Infra structure monitoring
Trafikverket MAJ-project

" @&® ¢ PMU cab with high precision GPS and antenna. Continuous measurment.
\ PMU bogie. Continuous measurment.
/ PMU pantograf with acceleration- and height-sensor. Continuous measurment.
o @& PMU waggon. Incident triggerd.
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Pantograph sensor system

e Under development

e A PMU based system with external sensors
o  Connected to PMU with wiring
m  Communication via CAN-bus
o Two accelerometers (per head)
o Angle sensor

N
A

\\ Railway Metrics and Dynamics
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Ao - Pantograph sway:

® Track faults can lead to pantograph sway and

damage to overhead wire
® By registering accelerations in both the
pantograph top and the vehicle basket, track
position errors can be linked to impaired
current collection.

I
¥

Vertical
track
fault



MMRNE

RaillletEurope

The Common Interface

5 :
Common Reference data:

= Location-ID
= Company-ID

RU1

IP Network

RU3

RU 2

SM 1

IM1

CUS

IM2

IM = Infrastructure Manager

RU = Railway Undertaking

SM= station Manager

CUS = Commonly Used System
Cl = Common Interface functions



RMD Solutions: Railway Camera

A camera for reversing trains

Safety. No need for a signalman at the end of the train in the shunting yard.

Money saver. Less cost in personnel.

Problem solver. Efficient reversing train in line traffic since driver can handle the situations himself.
Battery powered. The camera can easily be recharged by the driver in locomotive when not in use.

Online streaming. Traffic management or traffic control has the same view as the driver without any delay.

ENTITY IN CHARGE OF INFRASTRUCTURE RAILWAY
MAINTENANCE (ECM) MANAGER (IM) UNDERTAKING (RU)

f p_c. i =

S oo SERVER

COLLECT - ANALYZE - REPORT

REAR VIEW KINGPIN LOCK WEIGHT PERFORMANCE WHEEL PANTOGRAPH PERFORMANCE
CAMERA SENSOR SENSOR  MONITORING UNIT (PMU) SENSOR SENSOR MONITORING UNIT (PMU)
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Macadam & bulk freight wagons

Monitoring of the laying of macadam in tracks

® Increases safety, less staff in tracks
e Amount of macadam laid out can be controlled & documented
1

33 87 67715562
TEN E-WASED Fangs el .
f| m _eweGnd  Tewein e — ~



RMD Solutions —Kingpin Sensor

» Report Locked or Not Locked trailers via
dashboard/my train app/sms/mail.

» Easy mounting without any mechanical
impact on the waggon (clamp attachment).

« Communicate with driver and any other
function. (2G to 5G long Range or WiFi).

« Same PCB as the PMU.

» Super-efficient energy management.




OUR PLATFORM A SYSTEM OF SYSTEMS
Modular and expandable!

Example: loT Bridge/KTH/Trafikverket PoC PMU.






