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VIRTUAL VEHICLE is a leading international R&D center 
for the automotive and rail industries. The center focuses 
on advanced virtualization of vehicle development. This 
linking of numerical simulations and hardware testing 
leads to a powerful HW-SW whole system design and 
automation of testing and validation processes. 
The international partner network of VIRTUAL VEHICLE 
consists of around 100 international industrial partners 
(OEMs, Tier 1 and Tier 2 suppliers as well as software  
providers) as well as over 40 international scientific 
institutions.
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Content

This issue describes the challenges and opportunities coming 
with the digitalization of the railways systems, with a special 
emphasis on holistic view of the vehicle-track interaction in 
the railways system. It gives an overview of the key enablers 
and a range of research topics, which are essential to the 
delivery of our vision, including the critical need for 
continuous, qualitative and sustainable R&D in the railway 
sector.

We are particularly proud of having distinguished some 
experts sharing their view: Uwe Oßberger, Stephan Scheriau & 
Jochen Holzfeind from Voestalpine, Thomas Moshammer from 
Siemens and Giorgio Travaini from Shift2Rail. Please enjoy 
reading!

This issue:
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Optimising the Railway 
System by Virtualisation

Digital Solutions for 
Railway Systems
Digitalization methodologies if properly applied can generate crucial insights in the com-
prehensive and dynamic railway system, enable faster development of new railway soluti-
ons and can significantly accelerate the introduction of these innovations in the market. On 
the other side the railway sector faces challenges in the adoption of new advanced techno-
logies while using the already available assets in operations. 

Urbanization is progressing at a rapid pace. 
According UN and OECD by 2050 two thirds 
of all people in the world will live in key 
urban areas. The significance of the railways 
alongside other transport modes becomes 
vital acting as a backbone of the future mobi-
lity services. Optimal transport capacity of the 
railway system is key to reducing congestion. 
Delivering higher capacity by using available 
assets, requires intelligent railway solutions 
and innovations. The railway sector has to 
adopt the advanced digital technologies, 
automation processes, but also the use of 
new enhanced materials to be able to reduce 
the overall cost of the railway system and at 
the same time maximize its availability.
VIRTUAL VEHICLE Research Center has been 
researching on virtualization methodolo-

gies for the automotive and rail industry for 
more than 15 years now. Our rail research 
activities since its beginnings are focused 
on a consistent design of a modular valida-
tion framework for virtual assessment of rail 
vehicles and infrastructure components in 
full-system context. Our wide know-how and 
strong cross-sector network - automotive and 
railway industry - are essential to the delivery 
of our vision, including the critical need for 
continuous, qualitative and sustainable R&D 
in the railway sector. Indeed, collaborative 
research with other transport modes on virtu-
al prototyping, digital twins in the system of 
systems world, smart devices and materials, 
automation of the engineering and operation 
processes is the way forward.

DR. FILIP KITANOSKI, Head of the Rail Systems Research Department, VIRTUAL VEHICLE

Editorial
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Virtual System Integration

The rail industry benefits today from the 
already available established simulation 
methodologies and tools. However, these 
are typically addressing a single issue and 
are specialized on the individual aspect or 
component. A fully-integrated virtual railway 
system founded on concepts such as modula-
rity & standardization is required to be able to 
ensure a continuous flow of reliable informa-
tion throughout the entire life span of the 
railway assets. 
Our research activities at VIRTUAL VEHICLE 
focus exactly on the seamless integration of 
virtual prototypes, information extraction 
from production and field data, tools and 
processes on each level of the system for 
a consistent railway system design. Deep 
insights in the physical phenomena occurring 
in the system, but also numerical modelling 
techniques are necessary to be able to pro-
vide high-fidelity assessment of the dynamic 
behavior of the vehicle and track interaction. 
A virtual validation framework comprised of 
building blocks with different level of detail 
can be automatically generated to assess a 
specific question. The continuous transition 
from virtual models towards hardware - as 
it becomes available - leads to enhanced 
approaches such as hybrid testing. Combi-
ning the virtual models with the real systems 
allows us a continuous development, integ-
ration and validation processes while gaining 
maturity and trust in the new solutions. As a 
consequence, the virtual prototype transits 
towards a digital twin of the specific & unique 
real-world component or system. 
The product development process can 
benefit from the use of the virtual validation 
framework by:

• Understand the comprehensive railway 
systems by analyzing the interdepen-
dencies of components and subsys-
tems

• Virtual assessment of novel rail vehicle 
and infrastructure solutions within the 
defined eco-system, while minimizing 
on-track testing

• Sensitivity analysis based on evalua-
tion metrics derived from production 
data and data from operations

• Virtual Homologation of new vehicle 
and infrastructure components by vir-
tual validation in a full-system context

Digital Twins for Railway Systems

In the future, unique virtual representations 
of each unique component of the rail system 
will be connected dynamically with its speci-
fic real-world counterpart, but also with one 
another building a decentralized system of 
systems. The unique and connected digital 
twin augmented with artificial intelligence 
based capabilities is able to dynamically reca-
librate itself based on the production quality 
data, on the data from the environment 
where it is being operated and on data from 
the operation itself. Thus, this living virtual 
model coexists with the real-world-system 
and enables advanced simulations, operation 
and analysis:

• Continuous knowledge generation 
• Monitor & optimize the performance 

virtually at any given time of the uni-
que component: from requirements to 
disposal

• Minimize uncertainties by state of 
health monitoring and prediction for 
the unique component in full-system 
context

• Resolve issues (fault isolation) while 
minimizing time and capital invested

• Generate insights, user-requirements 
for new products & services 

• Optimized component design based 
on knowledge from production & 
operations

Summary

This capability to develop and validate pro-
ducts at lower cost & risk by virtualization can 
significantly shorten the innovation cycles 
in the railway sector. The digital twinning 
methodologies shall be able to use, adapt or 
even reduce the number of applied hardware 
sensors in the current railways system (rail 
vehicle and track) and at the same time to 
offer a continuous flow of a reliable & mea-
ningful information on the used asset.

The key enablers and a range of research 
topics, which are essential to the delivery of 
our vision are addressed in this magazine 
issue. We are happy to share our thoughts 
with you!
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Optimising the Railway System
by Virtualisation
CHRISTOF MARTE, Team Leader - Rail Systems
KLAUS SIX, Key Researcher Virtualisation & Optimisation - Rail Systems

For the safe and reliable operation of modern railway vehicles and infrastructure, the know-
ledge of the long-term behaviour of the railway system is essential, especially due to increa-
sing traffic demands and shortening of time for maintenance. As assets remain in service 
for years and changes are made in the daily operating system, innovations are historically 
adopted slowly. Additionally, extensive laboratory and in-situ testing are necessary to get 
innovations into the railway system, which is costly, both in time and money. Digital proto-
typing provides extensive testing and reliable prediction of operational performance prior 
to installation and thus shortens the time-to-market, reduces costs and finally speeds up 
innovation.

Virtualisation and optimisation in the 
context of railway systems

From a mechanical point of view, both, 
vehicle and track are dynamic systems, 
interacting through the non-linear wheel-rail 
contact and are together creating the overall 
dynamic railway system. The railway system 
benefits from the steel made wheels and rails 
in terms of energy efficiency of the rolling 
contact. However, this comes with the draw-

back of high (dynamic) forces and stresses. 
Consequently, high demands with respect to 
bearing capability of the components arise, 
particularly as many of the components need 
to withstand those loads for years to decades 
of service.

To enable the simulation-based description 
of the system behaviour and its related 
component degradation processes, VIRTUAL 
VEHICLE’s Virtualisation & Optimisation of 



6 Digital Rail Solutions

Rail Systems group focuses its research on 
the development of suitable physical-based 
models. Today, such models are available and 
implemented in multi-body dynamics, finite 
or discrete element codes. One remaining 
problem is, that the individual optimisation 
of components or sub-systems may lead to 
non-optimal results for the overall railway 
system. Consequently, we treat the railway 
system following a “whole system” approach. 
This means that both rolling stock and track 
are involved in our simulations (Fig. 1), con-
sidering the central vehicle-track interaction 
together with environmental and operatio-
nal influences. In this context the wheel-rail 
contact is essential as it transfers the forces 
in normal and tangential direction, while the 
level of detail of the contact model is gover-
ned by the subsequent analysis of the resul-
ting component deterioration mechanism.

In the case of rolling contact fatigue (RCF) of 
wheels and rails this requires a local contact 
discretisation in combination with sophisti-
cated material models capable of describing 
severe plastic deformation and anisotropic 

material behaviour. Furthermore, this might 
require the consideration of so called 3rd 
body layer and thermal loading to predict 
material phase changes. The obtained 
material response and damage increment is 
accumulated and fed back (Fig. 1) to the track 
property resulting in an updated track com-
ponent status. This feedback is an important 
feature of the “whole system” approach 
because the closed loop enables the simula-
tion of the component behaviour change due 
to operational loads.

As the railway components remain in ser-
vice for many years, we especially focus on 
developing computational efficient but as 
accurate as necessary models which enable 
the calculation of the desired number of 
operational load cycles.

From Analysis to Synthesis

The models developed at VIRTUAL VEHICLE in 
the  past years are integrated in a simulation 
platform to enable a high level of virtualisati-
on of components and systems. Thus, we can 

Figure 1: Virtualisation of railway system following the "whole 
system" approach to provide system optimal solutions for (track) 

component development
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Development Production Operation
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analyse component behaviour under various 
operational conditions and generate funda-
mental understanding and knowledge to 
support the railway industry and our partners 
to estimate the performance of new compo-
nents and designs prior to installation (Fig. 2).

The synthesis of the developed models in 
the simulation platform provides a modular 
framework for optimisation of the railway 
system in the Digital Prototype phase (Figure 
3) with the objective of best operational 
performance. The wheel-rail tribology is e.g. 
holistically treated by combining wheel-rail 
tribology with material modelling and dama-
ge behaviour thus considering the depending 
nature of these subdomains. To the end, the 
optimisation includes several aspects of com-
ponents and systems i.e., noise and vibration 
related to vehicle-track interaction and hybrid 
testing to shorten the time-to-market and 
finally paves the way to virtual approval and 
certification.

Figure 3: Digital product twin representation of all elements (requirements, properties, func-
tions, components, etc.), processes and of the behaviour along the entire lifecycle

Figure 2: Analysing the railway system with the help of physical-based models 
provides fundamental understanding and knowledge. The synthesis of the 

developed models enables the holistic optimisation of the railway system in the 
digital prototyping phase.

Conclusion

Digital representation of the railway system 
is key to accelerate adoption of innovations. 
For digital prototyping this requires physi-
cal-based models to enable operational per-
formance assessment prior to manufacturing 
and installation. For this, our computational 
efficient models are assembled within a 
modular framework to flexibly extend, adjust 
and apply the models to various operational 
use cases.

By teaming up with Digital Operation we can 
realise Digital Twins (Fig. 3) of components 
and systems and thus consider the entire 
lifecycle of the overall railway system.
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KLAUS SIX, Key Researcher Virtualisation & Optimisation - Rail Systems
BETTINA SUHR, Lead Researcher Virtualisation & Optimisation - Rail Systems
NISHANT KUMAR, Senior Researcher Virtualisation & Optimisation - Rail Systems

Particle based modelling: 
A promising approach to 
improve railway track systems

The challenge

Railway tracks are important subsystems of 
the whole railway system contributing signifi-
cantly to vehicle-track interaction in general. 
In particular, railway tracks – including mostly 
a layer of ballast – are responsible for the 
reliable transfer of the wheel-rail interface 
forces resulting from vehicle-track interaction 
to the ground. In this context the track must 
not be designed as rigid subsystem, but it 
must provide a certain elasticity to positively 
influence the interaction between vehicle 
and track. On the other hand, it is extremely 
important that the tracks are as stable as 
possible in a long-term perspective to avoid 
local varying track settlement causing track 
irregularities. Such track irregularities must be 

removed when exceeding certain thresholds 
which causes high maintenance costs. 
When focusing on ballasted tracks, it is still 
not fully understood, which phenomena 
occur on the ballast stone scale, how they 
interact with the subgrade/soil and sleepers, 
and how they finally contribute to track 
settlement. 
Only a good fundamental understanding of 
these phenomena can be the basis for signi-
ficant improvements of the track system e.g. 
by optimising existing or introducing new 
components as for example additional elastic 
layers. Fig. 1 shows a qualitative overview 
about physical phenomena occurring on 
ballast stone scale responsible for the track 
settlement within one tamping cycle.
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Particle based (Discret Element Method – 
DEM) modelling of the ballast bed and its 
interactions with other components opens 
new possibilities to improve this understan-
ding significantly.

The approach

In DEM simulations, each ballast stone 
together with its interactions is considered 
individually. This causes high calculation 
times on the one hand but provides physical 
insights into the system on the other hand. To 
get reliable predictions out of DEM simulati-
ons, it is extremely important that the model 
accounts for the phenomena depicted in Fig. 
1 in an appropriate way. VIRTUAL VEHICLE 
uses a balanced approach in the sense that 
instead of very detailed representation of the 
particle shape more focus is laid on the par-
ticle-particle contact modelling. While for the 
particle shape clumps of spheres are used, 
the so called Conical Damage model (CD 
model) is applied to describe particle-partic-
le contacts under consideration of yielding 
phenomena. The DEM model based on this 
approach can describe particle rearrange-
ment, edge breaking and initial wear, which 
are important phenomena in phases 1 and 2 

according to Fig. 1. Fig. 2 shows simulation 
results compared to experimental data for 
cyclic compression and shear box experi-
ments which have been used for model para-
meterisation. The DEM model results show 
a good agreement with the experiments in 
both experiments. It is important to mention 
that the DEM model results for both experi-
ments have been generated with one set 
of model parameters, which is a good basis 
when applying the models to more railway 
relevant scenarios.

The application

Based on the parameterized DEM model the 
influence of elastic elements in the slee-
per-ballast interface (Under Sleeper Pad – 
USP) and underneath the ballast bed (influ-
encing the bottom stiffness) on the initial 
settlement has been investigated (see Fig. 3). 
The results show that the use of an USP consi-
derably decreases the initial track settlement 
mainly due to reduced stone edge breaking 
near the sleeper. This is true for both the stiff 
and the soft bottom case. Interestingly, a low 
bottom stiffness (soft bottom) increases the 
initial settlement which is caused by much 
higher particle movements in the ballast lay-
er near the sleeper (Fig. 3, right images). 
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Figure 1: Qualitative overview about physical phenomena occurring on the ballast stone sca-
le responsible for track settlement within a tamping cycle. Phase 1: initial phase after tamping 
with high settlement rate due to ballast particle rearrangement, edge and full particle break-

age. Phase 2: transition zone with increasing importance of particle wear. Phase 3: regime 
with a rather low settlement rate mainly driven by particle wear. At the end of the tamping 
cycle (end of phase 3) ballast rearrangement and edge breaking can dominate again due to 

particle breakage caused e.g. by increased loads in a hanging sleeper situation [1].
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σn=10.5kPa
σn=24.0kPa
σn=38.3kPa
σn=52.4kPa

Cyclic compression test

Shear box test

cyclic loading

shearing

load

DEM prediction with CD model

Figure 2: Comparison between DEM simulation results and experimental data for cyclic 
compression and shear box experiments used for model parameterisation [2]. 

References:

[1] N. Kumar, B. Suhr, S. Marschnig, P. Dietmai-
er, C. Marte, K. Six, Micro-mechanical investi-
gation of railway ballast behavior under cyclic 
loading in a box test using DEM – effects of 
elastic layers and ballast types, Granular Mat-
ter (2019), in review.
[2] B. Suhr, K. Six: Parametrisation of a DEM 
model for railway ballast under different load 
cases, Granular Matter (2017), 19:64.

 
     
  

 
 

  

  

Ballast particle 
representation

soft bottom

stiff bottom

Cyclic vertical loading

Pa
rt

ic
le

m
ov

em
en

ta
ft

er
 2

00
 c

yc
le

s

USP

No USP

USP

No USP

USP

Elastic bottom layer
 

     
  

 
 

  

  

  

Ballast particle
representation

Figure 3: Investigations on the initial settlement behaviour of ballast (Kiesel-
kalk) in a box dependent on the sleeper-ballast (USP) and ballast-bottom 

interface stiffness [1].

 Conclusion

The approach chosen at VIRTUAL VEHICLE is a 
very good basis to deepen the understanding 
for the physics occurring in the track system. 
The developed models are important new 
modules to be used in the overall conside-
ration of the railway system. Such whole rail 
system models taking into account vehic-
le-track interaction are very useful during 
the entire lifecycle of track systems, as for 
example during the design, production and 
homologation process of track systems but 
also during their operation in the context of 
predictive/prescriptive maintenance 
strategies.
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Simulation methodologies  
for enhanced performance
on track

Guest article

UWE OSSBERGER, R&D material and welding engineer, voestalpine VAE GmbH  
STEPHAN SCHERIAU, Project Manager Rail Damage Mechanisms/R&D, voestalpine VAE GmbH  

Mobility is one of the most exciting achievements of modern civilization. 
Today, the urbanization trend and the transportation of goods, demand effi-
cient, environmental friendly, reliable and safe transport systems. And here, 
railroad traffic is a brilliant solution to satisfy these requirements.
Although it seems from a certain distance that the railway infrastructure has 
not changed a lot in the past 200 years of history, the megatrends mentioned 
in  the paragraph above, lead to significant higher local loads on the railways, 
higher cumulative loading, higher demands for availability, and less time for 

maintenance. For example, new railway steel developments focus on those requirements, 
being highly wear resistant and providing a high rolling contact fatigue resistance. This is 
a necessary approach, because, if the limits of railway steels are exceeded, rail grinding or 
even rail replacement is necessary, which has an impact on life cycle costs, maintenance 
planning and finally availability of the track infrastructure. 

Product Development Today

To provide sustainable track system solutions 
according to the customer requirements, 
modern simulation methods provide com-
prehensive opportunities to optimize this 
system. 
In a first step, non-linear structural mecha-
nical FE calculations give the opportunity to 
improve the design of track components like 
fastening systems, rails, switch rails, swingno-
se crossings and fixed crossings. These nume-
rical models allow the prediction of local stiff-
ness, static and fatigue strength and finally 
help to pre calculate in-service performance 
or pre-calculate an approval test. A well-foun-
ded knowledge about the performance prior 
to testing reduces the risk for future failure at 
an early stage of development and reduces 
lead time for innovations. 

Figure 1: Iron ore freight traffic in Australia, driving 42t axle loads
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create new, robust, even more reliable and 
less maintenance-intensive products for our 
customers. More than ever, we need a holistic 
view of the railway system in these times of 
increasing demands and requirements. 
Fig. 3 gives an overview about the targeted 
Whole Rail System modelling approach toge-
ther with examples of relevant phenomena 
and used modelling and testing methodolo-
gies respectively.

Today different simulation methods and diffe-
rent models are developed to solve a certain 
problem, or to understand a certain damage 
mechanism. This approach sometimes leads 
to isolated and independent numerical solu-
tions losing a little the whole system view.

The clear focus of voestalpine in the near 
future is to focus in upcoming R&D projects 
to build-up a full system understanding of 
the behavior of technical components or 
systems and their interaction with each other 
to expand our expertise on track system and 
to finally provide a sustainable performance 
guarantee for our products under certain 
conditions. This approach needs new simula-
tion methodologies, like as previously descri-
bed physical track modelling, co- simulation 
and an extended understanding on damage 
functions in the system. An example why we 
think that comprehensive system understan-
ding is necessary is shown in the following 
figure:

Figure 2: Resilient fastening systems for slab track

In a future scenario these laboratory tests 
may be replaced by virtual testing with an 
approved and certified numerical simulation 
workflow.
To build up a comprehensive understanding 
about the wheel-rail contact and its damage 
mechanisms, the simulation methodology 
usually changes to multi-body simulation for 
the vehicle/ track interaction and FE calculati-
ons on the wheel/ rail contact. 
For this, voestalpine has done a lot of pioneer 
work, beginning in the early 1990’s, when 
the multi-body simulation software Nucars 
was released by TTCI. In the following years 
numerous turnout designs like high-speed 
turnouts for Italy were optimized for the 
first time with numerical methods regarding 
lateral loads, contact pressures and Tγ wear 
numbers.

Challenges for the Future

While in these early days of simulation the 
focus was set on wheel / rail interaction in 
combination with vehicle/ track interaction 
with relatively simple moved track models, 
new developments now rely on physical 
track models, where local stiffness, local 
ballast bedding and bending of rails and 
sleepers during loading can be accounted. 
This physical track model approach will lead 
to an increased understanding of the railway 
mechanics and will allow for optimization to 
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Fig. 4 shows the degradation of a fixed cros-
sing outside in track, after a certain period of 
time. Because of the transition process with 
most of the wheels passing from the left wing 
rail to the crossing nose, a high amount of 
wear occurs in this transition zone. Additio-
nally material plasticity has an influence on 
the profile geometry and, as a consequence, 
on the transition dynamics. Also bedding 
stiffness and sleeper position has an influen-
ce on the dynamic track behavior. 
All these mechanisms interact and altogether 
they have an influence on the lifetime of the 
fixed crossing. 

A numerical whole system model workflow 
should be able to predict the degradation 
for a certain material, bedding situation and 
profile geometry and in the following, the 
required maintenance cycles (like grinding, 
re-profiling or repair welding).
Extended performance on track considering 
the whole system – that’s the challenge for 
the future! 

Noise

Vibration
Loads

Degradation

…

Multi-Body-System Simulation - MBS

Finite Element Analysis - FEA

Discrete Element Method - DEM

Contact Mechanics - Matlab

Other Methods & 
Tools

Lab 
Tests

Test Rig
Tests

Track 
Tests

Figure 3: Whole Rail System modelling approach

Figure 4: Fixed railway crossing degradation, evaluated 
from measurements
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Interview

Jochen Holzfeind, 
Chief Technology Officer from voestalpine 
Railway Systems talks about his thoughts 
and experiences around Research, 
Development & Innovation processes in 
future Railway Systems.

voestalpine railway systems is the innova-
tive system solutions provider for futu-
re-proof rail networks. How important is 
the Vehicle-Track Interaction or in other 
words the understanding of the railways 
system as a whole and why?

Vehicle-Track Interaction is what it’s all about. 
Without the knowledge of how track compo-
nents interact with vehicles within the whole 
railway system we won’t be able to develop 
and provide innovative system solutions. 
The ability to understand the comprehensive 
interactions and dynamics within the comple-
te railway system is vital for being and staying 
successful in the market. At voestalpine we 
invest in R&D tools and methods, also in 
experimental research in labs with the special 
focus on analysis of the railway system as a 
whole.

Where do you see the future challenges 
within the knowledge generation of the 
complex and highly interactive railway 
system?

Increasing demands on track systems resul-
ting from growing traffic, related maintenan-
ce and availability requirements bring the 
conventional track systems more and more to 
their limits. A fundamental knowledge about 
physical phenomena occurring in the railway 
system as a whole is the basis to improve 
conventional solutions, to develop new ones, 
to integrate and operate the assets in an 
efficient way. 
High fidelity simulation models are prerequi-
site on both the component and the full-sys-
tem level to account for Vehicle Track Inter-
action. Such simulation models together with 

the right experiment – lab scaled, full scale, 
field – for parameterization and validation 
can enable fast and reliable validation of new 
designs and solutions. The virtual prototypes 
are crucial during the development process 
but also during the production and the ope-
ration phase. The seamless integration of the 
virtual prototypes coupled with information 
extract from operational data is a big challen-
ge, but at the same time an excellent oppor-
tunity delivering competitive advantage. 
Therefore, we need competent key partners 
from both, the industrial and the scientific 
side to be able to provide solutions to these 
challenges.

As a global market leader what needs to 
be improved to ensure a faster market 
uptake of new innovative solutions?

Virtualisation of the product development 
coupled with the use of digital twins and vir-
tual homologation methods can significantly 
accelerate the time-to-market for novel solu-
tions. I believe that the proliferation of digital 
twin technologies in the railway sector will 
enable multi-stakeholder exchange, deliver 
quality and speed. Yet, digital railway twins 
and their interfaces require standardization. 
Also, automation of engineering, operations 
and maintenance activities will speed up the 
processes within the organizations, while sig-
nificantly reducing the costs of introducing 
new solutions into the market. The common 
and widely used virtual platforms for tests 
and validation can demonstrate the benefits, 
but more important deliver trust on the user 
side thus increasing the acceptance of the 
new innovative solutions.
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How does new digitalization tools & met-
hods can support your R&D&I* processes? 
(*research, development and innovation)

The new digitalisation tools & methods 
contribute significantly to our R&D&I. When 
talking about research, the models men-
tioned before should not be considered as 
engineering tools alone. Their benefit can 
go far beyond, because they support us in 
understanding complex physical phenomena 
resulting in new ideas and innovations. Such 
tools & methods contribute significantly to 
shorten the development and homologation 
process. For example, the intelligent combi-
nation of reliable simulation models and 
experiments will improve the homologation 
process. The digital twin empowers us by 
providing intelligent and on-time translation 
of data into meaningful information which 
again lead to new ways on how we innovate, 
how we introduce solutions in the market, 
but also to radical transformation of business 
models.
Furthermore, we believe that a fully connec-
ted and digitalized railway system is the futu-
re of effective asset management. The railway 
sector will benefit from existing and current 
advancements in the preventive maintenance 
strategies, but also new predictive mainte-
nance strategies using advanced techno-
logies such as data mining, digital twins, 
sensor-data-fusion, smart devices and IoT 
solutions. This is exactly what we are aiming 
at voestalpine Railway Systems. For example, 
the interface between track and signal tech-
nology is optimized by fully integrated and 
customized switching, locking and monito-
ring devices, while intelligent monitoring and 
diagnostic systems supply relevant data for 
targeted maintenance operations.

How does the voestalpine Railway system 
R&D&I ecosystem change with all new 
technologies and knowledge made availa-
ble?

Managing the railways system complexity 
and the speed that technology is made avai-
lable - also from other sectors and industries - 
require other competences within the organi-
zation, new collaboration partnerships, open 
collaborative platforms and entirely different 
cooperation mechanisms. The railway sector 
has to adapt itself and embrace the available 

new technologies: enhanced virtualization 
of development processes and products, IoT 
& connectivity, data security, data privacy, 
data acquisition methods, sensor fusion, 
data mining – just to name a few. Therefore, 
we are currently adapting our organization, 
structures, the way we invent and operate. 
We look for the right key partners from SMEs, 
research entities and universities, standard-
ization organizations up to strategic partners-
hips with companies from other industries. 
By doing so we enhance the global transport 
sector, but also make wider social, economic 
and environmental impact promoting the 
railways as a backbone of future mobility 
services.

From your point of view what is missing 
on European level to enable a continuous, 
qualitative and sustainable R&D&I within 
the railway industry?

The need for a supportive research environ-
ment, access to open data platforms, stan-
dardized virtual platforms, advanced testing 
facilities is obvious, I would say. 
For example, the R&D initiative Shift2Rail 
provides a very significant contribution to the 
railway sector, enabling it for the first time to 
pool its efforts. Wide representation of opera-
tors, service providers, manufacturers, acade-
mia and research organisations shall enable 
to better understand the pain points and the 
requirements of all stakeholders within the 
value generation chain of the railway sector. 
Thus, the approach enables everyone to 
provide sustainable and innovative solutions 
for real problems. The collaborative approach 
allows addressing technology and business 
risks together, which would not have been 
possible if left to the individual players rese-
arching by themselves. The initiative must 
continue despite difficulties at its beginnings 
and its high administrative efforts. I think this 
is a very promising and successful way that 
shall be emulated and efficiently deployed on 
regional levels as well.
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Digital Operation - The way to 
predictive maintenance

The railway sector faces an increasing complexity and diversity of factors that directly affect 
its competitiveness. Due to the liberalisation of the market and digitalisation, the European 
railway market must adapt accordingly. In the future, condition-based and predictive main-
tenance will play a key role for identifying additional potential in terms of cost-effectiveness 
and revenues in the use of existing assets. 

The high-level objectives for the rail system 
are:

• Reducing operational costs of rolling 
stock and infrastructure

• Maximising availability of rolling stock 
and infrastructure 

From corrective to predictive mainte-
nance

In order to achieve these goals, a change in 
maintenance strategies can be observed on 
the market. Maintenance plans with settled 
time intervals are increasingly replaced by 

maintenance systems,based on condition 
monitoring and predictive analysis. Therefo-
re, reliable and robust methodologies must 
be developed, which extract the following 
information out of field data from the railway 
system:

• Current status to enable condi  
 tion-based maintenance

• Future status to plan activities on a   
strategic and operational level

• Impact of measure to verify changes in 
the system 

With the help of powerful, reliable and 
cost-effective sensors, communication units 
and computing platforms - to process mass 

JOSEF FUCHS, Lead Researcher Digital Operations - Rail Systems
BERND LUBER, Key Researcher Digital Operations - Rail Systems
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data and evaluate them with the aid of  
algorithms - it is now possible to identify, 
simulate and interpret patterns in operating 
parameters. These factors enable a more 
exact prediction of the remaining useful 
lifetime and the consolidation of all opera-
ting data in a higher-level overall system. The 
ability to create accurate predictions opens 
the door to targeted and well-founded decisi-
ons, especially in maintenance.

At VIRTUAL VEHILCE the working group 
Digital Operation Rail Systems acts as a part-
ner for developing solutions (algorithms and 
tools) by providing the following key factors:

• Context-based knowledge: System 
knowledge is crucial to provide and 
develop solutions within the complex 
railway system. The interaction bet-
ween vehicle and track as the interac-
tion prognosis has a significant role in 
the field of railway operations.  

• Context-based method selection: The 
aim-oriented and intelligent combi-
nation of approaches and methods is 
the key to provide an optimal decision 
basis for maintenance systems. Depen-
ding on the issue or target component 
of the system, different combinations 
of methods (e.g. model-based and/
or data-driven) lead to a reliable and 
robust solution. 

• International partner network:  
With our broad partner network of 
industry and science we can offer an 
environment in which complex issues 
can be answered.

Our research aspects

Knowledge, methods and tools must be 
available and in place to establish a decision 
basis for maintenance systems. Fig.2 shows 
an overview of our approach of developing 
solutions for maintenance support.
 
As mentioned before, context-based system 
knowledge is the key to provide an optimal 
basis for decision support systems. Different 
questions and components require different 
methods and approaches for the develop-
ment of solutions. Target components for 
continuous vehicle and continuous track 
monitoring can be:

• Rolling stock: Coupling elements (e.g. 
spring, damper, bushings, etc.); vehicle 
dynamics (e.g. stability, ride comfort, 
safety against derailment, etc.); wheel-
set (e.g. monitoring of wheel profile 
wear)

• Infrastructure: Track geometry (e.g. 
monitoring from axel box sensors by 
in-service vehicle); switches (e.g. condi-
tion of the geometry) and superstruc-
ture

 
For these components the questions about 
the current and future status must be answe-
red. Tools and frameworks must be available 
to develop such solutions. These frameworks 
allow a structured and effective development 
of monitoring algorithms under the aspect of 
our context-based combination of different 
approaches - the so-called "Triple Hybrid 
Approach" (THA). 

Figure 1: Potential of preventive maintenance strategies 
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VIRTUAL VEHICLE provides the following 
frameworks:

• Health Monitoring Framework: Pro-
viding methods and tools to moni-
tor and estimate the current status 
(healthiness) of the target component. 
The main task is to describe the system 
behaviour by model-based and/or 
data-driven approaches. 

• Prognosis System Framework: Pre-
dicting the future status of the target 
component by modelling approaches. 
This allows a change in maintenance 
from fixed time intervals to a real con-
dition-based approach.

• Prescriptive Analysis Framework: This is 
the most challenging part in the Digital 
Operation concept. This framework all-
ows measuring the impact of changes 
in the system (e.g. estimation of system 
behaviour and maintenance effort 
when replacing a spring-damper by a 
novel concept). 

Figure 2: Decision Basis for Maintenance Systems. Knowledge, methods 
and tools must be available and in place to establish a decision basis for 

maintenance systems. 

The basis for this development is an adequa-
te infrastructure (hardware and software), 
which consists of the following parts:

• Data acquisition: Sensors and measure-
ment systems (on-board & wayside) for 
monitoring the components

• Data transmission: Safe and efficient 
systems and the knowledge of trans-
mission 

• Data management: Big data volumes 
and complex information must be 
managed in an efficient way to run 
easy analysis.

Conclusion

Based on extensive expertise in Digital 
Operation (railway and automotive), VIRTUAL 
VEHICLE provides methods to integrate all 
relevant aspects into the monitoring and 
maintenance process in a systematic and 
customer-specific way.Reliable and robust 
methodologies are developed under the 
aspect of context-based combination of diffe-
rent approaches (Triple Hybrid Approach) as 
well as based on context-based system know-
ledge at VIRTUAL VEHILCE.
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Decision basis for predictive 
maintenance based on a Triple 
Hybrid Approach

Condition-based and predictive maintenance strategies for components of railway vehicles 
and tracks require a reliable decision basis. Therefore, the current und future conditions of 
components must be determined. The trend for solving this task is moving more and more 
towards pure application of machine learning algorithms. But, is it enough to consider the 
vehicle/track-system as a black box? Our research at VIRTUAL VEHICLE has proven that 
system knowledge is essential for achieving an optimal decision basis. This is realised by 
a context-dependent combination of different approaches - the so-called "Triple Hybrid 
Approach" (THA).

BERND LUBER, Key Researcher Digital Operations - Rail Systems
JOSEF FUCHS, Lead Researcher Digital Operations - Rail Systems

Component-dependent issues

The starting point for the development of a 
methodology is a component-dependent 
issue. Exemplary issues regarding vehicle 
components are:
• On-board fault diagnosis of spring and 

damper elements of conventional railway 
vehicles or

• Continuous estimation and wear conditi-

on prediction of wheel profiles of freight 
wagons,

as well as issues regarding track components 
such as:
• Prediction of future track irregularities 

under given operating conditions or
• Estimation of geometry and condition of 

switch components based on data from 
conventional track recording cars.
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Basic methodology "Triple Hybrid 
Approach"

The context-dependent knowledge such as 
the dynamics of vehicles and tracks under 
varying operating conditions enables us to 
combine different methodologies into an 
overall approach. The so-called "Triple Hybrid 
Approach" shown in Fig. 1 builds up on three 
critical pillars:

• Knowledge Generation - Combination of 
overall system simulations and real ope-
rational measurements or test facilities,

• Data Acquisition - Combination of data 
from on-board and wayside monitoring 
systems,

• Algorithm Development - Combination 
of model-based and data-driven approa-
ches.

Knowledge Generation

A key factor for developing a methodology is 
knowledge generation. This means that the 
knowledge of the correlation between the 
faulty components and their effects on the 
dynamic behaviour of the system under diffe-
rent operating conditions has to be investi-
gated. For this purpose, simulation models of 
vehicle and track with adequate model depth 
are required.

The generation of appropriate simulation 
scenarios requires knowledge from real ope-
ration, which is derived from measurement 
data from operation or test facilities. Based 
on this hybrid approach (simulation and 
measurement data), the relevant influencing 
factors in combination with suitable opera-
ting conditions are determined by means of 
sensitivity and robustness analysis. The resul-
ting knowledge forms the well-founded basis 
for the development of algorithms, which 
is illustrated in Figure 2 for the example of a 
wheel profile classification methodology.

Data Acquisition

The increasing number of continuous 
on-board and wayside monitoring systems 
provide large amount of data. Additional 
information from the data acquisition process 
needs to be gained to generate value from it. 
The properties of the respective sensors up to 
the behaviour of the measurement systems 
has to be understood and modelled. The 
data from on-board and wayside monitoring 
systems combined into a hybrid approach 
reduces the measurement uncertainties and 
minimize the risk of missing information. As 
an example, the combination of acceleration 
data from a switch and from an axle box of a 
conventional track recording car can be used 
to estimate the health state of the switch 
frog.

Algorithm Development

The development of algorithms is the key 
for generating a decision basis. Depending 
on the issue or target component, suitable 
model-based and data-driven methods are 
used or combined as a hybrid approach. 
Model-based methods presume physical 
knowledge of the monitored system, as in 
the case of estimation of spring and damper 
parameters of a rail vehicle. Established 
observer methods such as nonlinear Kalman 
Filters, but also novel methods like Sli-
ding-Mode-Observers for robust estimations, 
are used if noisy measurement data in non-
linear systems occur.
For issues such as the detection of the wheel 
profile condition, the understanding of the 
physical behaviour and the resulting dynamic 
effects are fundamental for the algorithm, 
especially for the required feature selection. 

Figure 1: Triple Hybrid Approach - Context-dependent 
combination of different sub-approaches
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The algorithms themselves are based on 
data-driven approaches (machine learning 
algorithms) due to complexity of the system 
behaviour. Supervised learning algorithms for 
fault diagnosis based on regression or classi-
fication methods and unsupervised learning 
algorithms for anomaly detection of vehicle 
and track components are applied. 
Fig. 3 shows the results for the detection of 
the wheel profile condition based on the 
discussed approach. The results are achieved 
with only two on-board features calculated 
from lateral accelerations of the bogie and 
the car body. This example clearly underlines 
the advantages of the hybrid data acquisition 
approach: on-board monitoring data combi-
ned with data from conventional track recor-
ding cars  provides a more robust estimation 
with a higher quality (Fig. 3c).

Conclusion

Condition-based and predictive maintenance 
strategies require a reliable decision basis. A 
decisive added value for the development of 
such a decision basis provides the 'Triple Hyb-
rid Approach' developed at VIRTUAL VEHICLE. 

This approach includes not only model-ba-
sed and data-driven algorithms, but also 
knowledge generation from vehicle-track 
interaction simulations enhanced with mea-
surement data from on-board and wayside 
monitoring systems. Novel methods will be 
continuously integrated into this concept 
making a significant contribution to the 
deployment of condition-based and predicti-
ve maintenance strategies.

Figure 2: Investigation of physical effects to generate knowledge for machine 
learning algorithms

Figure 3: Machine learning classification of new and worn profiles depending 
on available environment information - (a) known track irregularities, (b) 

unknown track irregularities, (c) track irregularities and rail profile conditions 
known.

a) b) c)
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Railigent® - open ecosystem 
for best-in-class rail 
applications
DR. THOMAS MOSHAMMER, Siemens Mobility GmbH, Graz 
Head of the Department Structure, Simulation, Validation. 

Guest article

Individual components of the railway system are already monitored using state-of-the-art 
sensor technology and components are maintained depending on their current condition. 
Predictive maintenance, which includes the probable future status of the systems (remai-
ning useful lifetime) is essential in determining the optimum maintenance strategy for 
individual components. A further significant increase in efficiency can be achieved for the 
railway system if the components are not only considered individually, but the data of the 
components is linked with each other in such a way that information about other compo-
nents can also be derived from them. 

For the railway system an efficient, condi-
tion-based and predictive maintenance 
is essential to maximize the availability of 
railway infrastructure and vehicles. New 
sensor and transmission technologies as 
well as innovative analysis methods enable 
a new holistic way of condition monitoring 
and planning of maintenance activities. This 
article describes how the paradigm shift can 
be actively driven to ensure proper condition 
of track and vehicles.

Holistic approach for railway sys-
tems - Railigent® covers the entire 
value chain from data transmission 
to analytics and provision of action 
proposals

In a holistic view of the railway system, both 
the infrastructure and the rolling stock must 
be considered, especially in the wheel-rail 
interface area. The integration of innovative 
technologies into infrastructure- based and 
vehicle-side monitoring systems enables 
mutual monitoring of the vehicle and infras-
tructure, for example as the vehicle passes by. 
In addition to the characteristic of the railway 
system that the systems move and are not 
stationary, the amount of data generated 
is extensive. A single high-speed train, for 
example, sends up to four billion data points 
per year, a modern locomotive over 500 

million. This leads to enormous demands on 
data storage and processing. 
To meet these digital demands, Siemens 
Mobility has developed Railigent® as the 
Application Suite in the rail industry. Raili-
gent® provides all rail-specific content and 
tools to monitor, diagnose and improve 
the performance of rail assets - powered 
by MindSphere as the IoT operating system 
from Siemens. This Mobility Application Suite 
provides maintenance & operational person-
nel with the information they need to raise 
potential for improvement. Such an applica-
tion suite makes the analytical combination 
of vehicle and track possible in the first place. 
Another major challenge is the synchronizati-
on of vehicle data (e.g. driver braking behavi-
or or wheel profile) with track data (e.g. track 
defects). Only the fusion of these data stre-
ams can make it possible to understand what 
happens at the wheel-rail interface. Railigent® 
makes it possible to analyze the interaction 
between rolling stock and track, since all data 
streams can be merged. 

Bogie Diagnostics

The intelligence of the bogie diagnostic 
system must be able to distinguish whether 
detected abnormalities are caused by degra-
ded or damaged vehicle components, such 
as the running gears or track faults in the rail. 
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Railigent® - open ecosystem 
for best-in-class rail 
applications

It is therefore always a matter of evaluating 
the interaction between the vehicle and the 
track while identifying any abnormalities. For 
this reason, there are algorithms for both the 
track and the bogie, that can filter out the 
influence of the track on the diagnostic sig-
nals of the bogie. The aim of bogie diagnosis 
is to identify relevant changes in the dyna-
mic behavior of the bogie. The information 
regarding bogie changes can then be used 
to change the traditional time-based way of 
maintenance, i.e. components are replaced 
after a certain time t (e.g. 8 years) or after a 
mileage of x (3.2 million km), regardless of 
whether the parts are defective or not. 
The intelligent algorithms coupled with 
novel sensor technologies now allows a deep 
insight into the „health status“ of the bogie, 
which can be described by characteristic 
parameters and „health states“. The diagno-
stic system combines specific domain know-
how with modern data analysis methods 
such as machine learning, statistical methods 
in combination with information from the 
track, maintenance and the environment (e.g. 
weather data). 

The signals measured directly by sensors on 
the bogie together with process data from 
the vehicle control (such as GPS position, 
temperature, drive torque, ...) are fed to signal 
processing or signal transformation. From 
this, characteristic parameters of the bogie 
(features) are derived and fed into an analyti-
cal model for anomaly or fault detection. 

This available information must be further 
processed into a forecast by consistently lin-
king the configuration data and maintenance 
data to answer the following questions:

• Which parts are in my train?
• When were they serviced?
• How was my component stressed?
• Which parts from the operation damage 

my component? 
• How long will my component last under 

these conditions? 

The data transmitted to the land side of the 
maintenance system needs further proces-
sing steps such as health status, trend ana-
lysis, remaining service life calculation (RUL, 
Remaining Useful Lifetime) are carried out.

Track Damage Diagnostics

A track measuring carriage measures a large 
number of signals which describe the track 
position, the route and the track position 
errors and are intended to ensure the safety 
of operation. There are prescribed mainte-
nance limits for track fault sizes, which are 
checked and, if exceeded, result in mainte-
nance. Usually every 3-12 months each line 
is measured and subsequently maintenance 
measures are derived from these measured 
data. 
 
On the other side additionally to the bogie 
diagnostics the bogie diagnostic system is 
also „listening“ to the rail and can provide a 
variety of information according to the rail 
condition, such as height errors or ripples. 
The advantage of a combined consideration 
of train and rail is that, on the one hand, cer-
tain parameters for track maintenance can be 
derived directly and, on the other hand, that 
there is permanent data of the track available 
when the train is on the track. This means 
that a continuous diagnosis of the track can 

Figure 1: Digitised sensor data and operational data is processed into  
“health status” of the bogie/ bogie components and remaining useful lifetime is estimated.

Health State

Remaining Useful Lifetime
10987654321
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be carried out in the same way as on the 
bogie. It is possible to diagnose temporal 
changes on the track and to extrapolate them 
into the future. In addition to the diagnosis 
of the track, the reaction of the vehicle to 
disturbances on the track is recorded. This 
vehicle-track interaction (VTI) diagnosis thus 
provides information as to which disturban-
ces on the track actually trigger a negative 
reaction (high forces, high accelerations, 
instabilities, vibrations or noises caused by 
ripples) on the vehicle. 

All relevant information brought together in 
the so-called digital twin enable consistent 
use of information from the development, 
configuration management, operation (dia-
gnostic and operating data) and maintenan-
ce data. Damage and forecast models make it 
possible to optimize maintenance processes 
which reduces depot times and increases 
asset availability.

Figure 2: Full IT-integration of diagnostic data in the maintenance system make 
maintenance process optimization possible! 

Public © Siemens Mobility GmbH 2019
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Full IT-Integration of Diagnostic Data in the Maintenance System 
make Maintenance Process Optimization possible! 
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Conclusion

With Railigent® it becomes possible to 
process data from sensors in operation into 
information using modern analysis methods. 
All relevant information is brought together 
in the so-called Digital Twin on the country 
side.  The digital twin enables the consistent 
use of relevant information from operation, 
configuration management (CMMS) and 
maintenance data with the aim of optimizing 
maintenance processes. The digital change 
in bogie maintenance is a valuable tool for 
engineering as feedback of the performance 
of the bogie from operation as well.
The railway system requires efficient, condi-
tion-oriented and predictive maintenance in 
order to maximize the availability of railway 
infrastructure and rolling stock. The active of 
the paradigm shift in the efficient assurance 
of a perfect condition of the infrastructure 
and the vehicles requires ongoing collabora-
tion of component suppliers, (overall) system 
providers and customers/users Railigent® as 
open ecosystem serves as central lever for 
achieving completely new business models 
and maintenance concepts of the future. 
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Shift2Rail as innovation 
accelerator of market uptake 
for the railways

Guest article

GIORGIO TRAVAINI, Shift2 Rail, Head of Research & Innovation  

If today Shift2Rail1 (S2R) plays an important role in rail research related activities it is becau-
se it fills an empty spot in the innovation chain. 
Before its creation, Europe was missing a space where companies, universities, research 
centres, and institutions could federate efforts on future innovations that the rail sector 
profoundly needs, a sort of “incubator” for all sector stakeholders ready to invest in R&I with 
a coherent and long-term programme.

The success or not of such an initiative will 
be made apparent by the results it is able to 
achieve during the programme’s lifetime, and 
this is strongly linked to the commitment of 
its stakeholders. The members2 of S2R are 
playing a key part, ensuring the finalisation of 
the Technology Demonstrators activities. The 
other beneficiaries of the S2R grants are wor-
king in tandem to provide complementary 
expertise that matter in a constantly chan-
ging technological environment, recently 
driven by digital innovations.

The S2R JU management’s ambition is to 
move forward the sector as much as possible, 
which is historically slow in adopting inno-
vation, to the new speed that the big bang 
of the fourth industrial revolution, or digital 
revolution, is capable of. The challenge for 
S2R starts with the rail research speed, con-
tent and progress and then aims at creating 
innovation – that means being able to impact 
the market for the benefit of the final users, 
European citizens or freight forwarders/
buyers. The keywords to achieve impact in 
this case are commitment, resources and 
ambitions – and clearly a lot of work done by 
extraordinarily driven people. 

Ambitions of Shift2Rail

S2R’s ambitions are deriving from the objecti-
ves set in its regulation3  in terms of doubling 
railway capacity; increasing reliability and 
punctuality by as much as 50%; and halving 
the life-cycle cost of railway. These ambitions 
lead to a shared vision in the S2R partner-
ship, which is to deliver, through railway 
research and innovation, the capabilities to 
bring about the most sustainable, cost-effi-
cient, high-performing, time driven, digital 
and competitive customer centred transport 
mode for Europe4.

1 created in 2014 as a public-private partnership in the 
form of a Joint Undertaking, that become operationally 
capable to implement its own budget in 2016
2 https://shift2rail.org/about-shift2rail/ju-members/ 
3 http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CE-
LEX:32014R0642 
4 extract from the S2R MAAP Executive View: https://shif-
t2rail.org/wp-content/uploads/2018/04/Maap_2018_FI-
NAL_2.pdf 
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In terms of resources, S2R has a budget of 
920 million euros, of which about 777 million 
euros (including 450 million euros of EU fun-
ding) are focused on delivering a multi-an-
nual R&I Programme (MAAP5) written by the 
S2R JU with its members. Each S2R member 
has therefore “subscribed” to the MAAP, and 
also supplements it with additional activities, 
which are part of its internal industrial or ope-
rational plans, bringing with its membership 
to this European Union initiative the commit-
ment to implement R&I. 

With results expected by the end 2022, and 
due by the end of the current S2R pro-
gramme (2024), the activities are today at a 
“rail-crossing”: we have performed half of the 
total planned work and more to come. 
Significant results are appearing and the 
S2R JU was already able to present various 
concrete demonstrations at InnoTrans 2018. 
One example includes introducing radical 
innovations to the current Train Control and 
Monitoring System (TCMS), often referred to 
as the “brain of the train”, and communica-
tion system.  In a live demo at InnoTrans, as 
a world-premiere proof of concept, S2R sho-
wed two trams located in Zaragoza running 
at a 40 km/h speed in a coordinated manner 
without any physical link at a constant dis-
tance of about 6 metres. This virtual coupling 

interoperable technology made it possible for 
the leading tram to drive both of them. This 
was achieved also thanks to the drivers’ skills 
and competencies invested in the project.
 
To date, S2R has provided significant secto-
rial advancements in many fields including 
rolling stock, infrastructure and signaling 
sub-systems, but also on transversal activities 
related to energy, noise and in general opera-
tions and services offered to the passengers 
or freight forwarders. Its main results are 
described in more detail in the S2R Annual 
Activity Report 2018 that will be soon publis-
hed on the S2R website6. Specific project 
deliverables are constantly uploaded in the 
respective projects section7.

In addition to providing the means to under-
take cutting-edge risky research activities, 
S2R has delivered a first coordinated standar-
disation roadmap where successful research 
results can find their way to the appropriate 
market standard or regulation at another 
pace. For example S2R provided the ATO 
GoA28 draft specifications to the European 
Union Agency for Railways, with whom it 
strongly collaborates, for a prompt TSI9 imple-
mentation after the success of the testing S2R 
is currently performing.

Figure 1: Virtually coupled and connected trams
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The scale and ambition of S2R opens up pos-
sibilities from its critical mass of stakeholders, 
bringing interest from external technological 
providersto the rail sector, for the benefit of 
the rail sector and European mobility. We are 
actively engaging in a wide range of areas 
such as personalisation for rail use from fuel 
cell and hydrogen production, silicon carbide 
electronics, wireless communication and 
positioning networks (5G or GNSS) etc.
All these activities are crucial for delivering 
results for an effective and accelerated imple-
mentation of innovations, industrial and 
operational plans and the wider EU economic 
and social challenges.  

In particular, this European Partnership is 
a key accelerator in Europe for consistent 
deployment of new digital technologies like 
ATO GoA3/4 on mainline, Virtual Coupling, 
Condition Based Maintenance solutions, 
digital information for passenger multimodal 
journey, etc. all coming from S2R tested solu-
tions that are interoperable by design. Once 
correctly deployed, they will have a concrete 
positive impact on safety, performance and 
reliability of the rail system.

Next Steps

The next research and innovation step is 
to build on the capacity created thanks 
to technologies like Moving blocks, new 
Traffic management systems and autonomy 
intelligence brought on the train (applied to 
ERTMS10) interconnected under a common 
digital model of the entire rail system. This is 
leading to the creation of an integrated rail 
system, which is more affordable to citizen/
businesses and therefore even more sustaina-
ble, keeping its green credentials. 
This integrated rail system will significantly 
contribute to wider mobility, and thanks to 
the advances of other types of technologies 
like Artificial Intelligence, other transport 
modes can be easily interconnected for an 
autonomous and efficient transport system, 
where new mobility services could emerge, 
led by a more and more competitive Euro-
pean industry.
As already mentioned, the JU Programme 
delivery date is planned by the end of 2024. 
The level of ambition of the European S2R 
Master Plan goes well beyond and requires 

the acceleration of the investments and com-
mitments to deliver a major system trans-
formation driven by “sustainable” mobility 
and transport, enabled by digitalisation and 
automation, empowered by a safe, secure 
and novel operational framework. Working 
together in S2R in the years to come, inclu-
ding making use of the new Union funding as 
from 2021, the sector will contribute shaping 
the future mobility and transport. 

5 https://shift2rail.org/wp-content/uploads/2013/07/S2R-

JU-GB_Decision-N-15-2015-MAAP.pdf 
6 https://shift2rail.org/about-shift2rail/reference-docu-

ments/annual-activity-report-2/ 
7 https://projects.shift2rail.org/s2r_projects.aspx 
8 In Automated Train Operation Grade of Automation 2 

the motion of the train is automated, but a driver opera-

tes the doors and is in charge of driving the train in case 

of disruptions. 
9 Technical Specification for Interoperability, is a com-

mon, harmonised, technical standard required to satisfy 

the essential requirements of interoperability.
10 European Rail Traffic Management System https://

ec.europa.eu/transport/modes/rail/ertms/what-is-

ertms_en

Figure 2: Connected mobility
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Automated System Development 

Methods & processes for a full-integrated virtual system
Derivation of simulation model qualities
Surrogate Models: model reduction, fast simulation models, 
virtual sensors
Automated model calibration & validation
Automation of processes for consistent design

Modular Virtual Validation Framework  

Simulation model development & virtual  
assessment of vehicle and infrastructure components
Dynamic behaviour of vehicle and track
Holistic wheel-rail tribology
Material modelling

Digital Rail Operations 

Digital Twins of railways systems combining sensor 
data, simulation models and rail system knowledge
Methods & algorithms development for condition 
monitoring and condition prognosis
Decision support systems


