RAILWAY AUTOMATION

Internationalizing Railway Automation:
From Product Development to Market Transfer

Railway infrastructure managers are increasingly required to demonstrate
sustainable value creation from existing assets, with Return on Assets (ROA)
becoming a key performance indicator from a societal and economic perspective.
Optimizing maintenance processes is therefore an essential task to ensure long-
term reliability, availability, and efficiency of owned infrastructure assets. This
challenge is shared internationally, but manifests differently across markets
depending on operational, organizational, and demographic conditions.

1. Introduction - towards international
Railway Automation

Major maintenance activities such as track
tamping play a decisive role in asset per-
formance. [1] However, despite continuous
technological progress, the tamping pro-
cess remains strongly dependent on the
experience and skills of machine operators.
Infrastructure managers invest significant
resources in education and training, yet
the availability and long-term retention of
highly experienced operators cannot al-
ways be ensured. As a result, maintenance
quality may vary, creating challenges in ac-
countability, transparency, and consistent
asset performance, particularly in highly
standardized and quality-driven markets
such as Japan.
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The concept of SmartTamping (Figu-
re 1) addresses this challenge by introdu-
cing process automation based on engi-
neering insights into track maintenance.
[2, 3] Rather than focusing on increased
working speed, SmartTamping aims to sta-
bilize and standardize maintenance quality,
thereby supporting sustainable asset utili-
zation and improved ROA.

SmartTamping combines three com-
plementary elements: smart positioning via
Plasser TampingAssistant, smart adjustment
of tamping parameters via Plasser Tam-
pingControl, and smart documentation via
Plasser TampingReport. In particular, Plasser
TampingControl transforms tamping into a
sensor-based, closed-loop process. Measu-
rements of force, position, and penetration
depth are recorded during each tamping
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1: Overview of a Plasser SmartTamping system including the TampingAssistant, TampingControl

(focus of this article), and TampingReport
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cycle, evaluated in real time, and used to au-
tomatically adapt machine parameters. [4]
This approach enables continuous
monitoring of ballast behaviour, automa-
ted process control, and objective quality
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From Local to International Product Development

Step-by-step pathway for railway automation products
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2: Individual steps for deploying new products

documentation. As a result, tamping is
shifted from a predominantly experience-
driven activity toward a more data-driven
and standardized process. This, in turn, fa-
cilitates consistent maintenance quality,
independent of operator experience, and
aligns track maintenance with the broader
objective of optimized asset management.

2. Product Development -
from local to international

The development of automation products
in the railway industry follows a structured
pathway from local validation to global de-
ployment. Initial testing is typically carried
out in a relatively isolated market environ-
ment. Such conditions offer homogeneity
in infrastructure and operational practices,
allowing focused development and rapid
iteration while minimizing external com-
plexity. Close collaboration with in-house or
affiliated operators is essential in this phase.
Working with experienced users enables di-
rect feedback, ensures practical relevance,
and allows immediate validation under real
operating conditions. This tight integration
between development and operation signi-
ficantly accelerates system maturation. Buil-
ding on this foundation, deployments with
early adopters provide a controlled, low-risk
setting for broader validation. The system
presented in this article is already sufficient-
ly mature for practical use but still benefits
from structured feedback and close sup-
port. Experience from these deployments
confirmed both the robustness of the sys-
tem and the importance of iterative refine-
ment under varying conditions.

www.eurailpress.de/etr

© DVV Media Group GmbH

INTERNATIONAL

The subsequent transition to interna-
tional deployment introduces new challen-
ges. Systems must perform reliably across
diverse environments, including varying
ballast types, climatic conditions, and ope-
rational standards (Figure 2). Extensive
international testing is therefore required
to verify robustness and adaptability un-
der real-world conditions. In addition, the
implementation of such systems in diffe-
rent machine types can be challenging, as
country-specific machine designs vary sig-
nificantly. These differences not only affect
technical integration but also require adap-
ted maintenance and service strategies to
ensure reliable long-term operation across
international markets. This step also marks
a strategic shift: from optimizing perfor-
mance in a specific local context to deve-
loping a standardized, scalable product for
global markets. It involves modularization,

standardization of interfaces, and integra-
tion into global service structures. [4]

3. Adapting Railway Automation
to local Markets

While initial development and interna-
tional validation demonstrate the general
robustness of automated tamping systems,
successful global deployment requires tar-
geted adaptation to specialized local mar-
ket conditions.

Japan represents a particularly impor-
tant case in this context due to its unique
operational requirements, high quality de-
mands, and tightly managed infrastructure
environment. A key driver for conducting
dedicated research in Japan is the presence
of specific local needs that differ signifi-
cantly from European or North American
markets. These include distinct ballast pro-
perties, strict maintenance tolerances, and
highly standardized operating procedures.
Addressing these requirements effectively
is only possible through close collaboration
with local stakeholders. In this regard, the
involvement of a regional partner company
plays a crucial role, as it provides in-depth
knowledge of the expectations and practi-
ces of Japanese infrastructure managers.

3.1. Project Framework

To address these challenges, a research pro-
ject was initiated as a joint effort between
key Japanese stakeholders. This strong
collaboration between infrastructure ma-
nagers, machine operators, and solution
providers allowed us to tackle the unique
requirements of each individual stake-
holder in railway construction and main-
tenance. The key objective of this project
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4: Ballast Coefficient measured on the machine vs. the Sieve Curve Factor from ballast excavation and

laboratory analysis (sieve analysis)

was to evaluate and adapt SmartTamping
technologies to Japanese conditions and
requirements, with a strong focus on two
main functional areas: ballast condition
monitoring and automated adjustment of
tamping parameters.

The project combined field measure-
ments, laboratory validation, and iterative
system refinement, and track geometry
monitoring, following the same structured
development approach established in ear-
lier phases.

3.2. Machine Setup

A key component of the project is an ad-
vanced measuring system for real-time mo-
nitoring of the tamping process. The sys-
tem is based on smart tamping units, which
continuously record data on the interaction
between ballast and tamping tines during
operation. [5, 6] A dedicated and robust
sensor configuration has already been
established in an earlier product deve-
lopment stage to support practical field
deployment. For the purposes of the joint
research project, however, an extended
sensor setup was temporarily implemen-
ted to generate additional measuring data
and to capture the physical interaction me-
chanisms in greater detail. The measuring
system was installed on a state-of-the-art
plain-line tamping machine, the 09-16 CST
shown in Figure 3.
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3.3. BallastMonitoring — Adaptation
to Japanese Infrastructure

The condition of railway ballast plays a de-
cisive role in economical railway operations.
As ballast degrades, for example through
fouling, its ability to distribute loads and en-
sure drainage declines. This can lead to acce-
lerated settlement and a higher likelihood of
track geometry defects such as longitudinal
level irregularities or lateral misalignment.
Poor ballast conditions also directly affect the
maintenance cycle by shortening tamping in-
tervals and increasing lifecycle costs through
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RAILWAY AUTOMATION

more frequent interventions and higher wear
on infrastructure components. Conversely,
early detection of ballast degradation and
targeted measures such as ballast cleaning or
renewal can help extend maintenance inter-
vals. Therefore, continuous monitoring of the
ballast condition can support cost-effective
railway infrastructure management. A cen-
tral question of this project was whether the
machine-based ballast condition evaluation
developed in previous European research
projects could be transferred reliably to Japa-
nese ballast characteristics.

Since 2021, the above-mentioned ma-
chine has recorded more than one hundred
thousand tamping processes under various
ballast conditions. For on-machine ballast
evaluation, a parameter referred to as the
ballast coefficient (B, is determined. [7, 8]
This parameter is derived during the penetra-
tion of the tamping tines, using the tamping
unit itself as a measuring instrument. As the
tines enter the ballast, the system records
vertical force and penetration speed, captu-
ring the ballast’s mechanical resistance in real
time. These values are processed by evalua-
tion algorithms that continuously analyze the
relevant variables and provide direct insight
into the mechanical response of the ballast
during tamping.

To validate the machine-based evalua-
tion, ballast samples were systematically coll-
ected from tamped track sections represen-
ting different ballast conditions. The samples
were analyzed by means of sieve analysis to
determine the particle size distribution. For
statistical comparison with the on-machine
data, the particle size distribution was re-
duced to a single parameter: the Sieve Cur-
ve Factor. This factor is calculated from the

ko
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5: Evaluation of the track geometry over time. Standard deviation (over 25 m) of the longitudinal level
(y-axis) over time (x-axis). Increasing values of the standard deviation represent a degradation of the
track geometry. a) shows the behaviour after tamping with standard settings, b) shows the behaviour

when tamping using ForceAutomation
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screen passages of the three smallest sieve
openings, which are combined into a weigh-
ted sum. Clean ballast results in low values,
while heavily contaminated ballast produces
significantly higher values. The Sieve Curve
Factor therefore serves as a simplified indi-
cator of the degree of ballast contamination.
For more details see references [7] and [8].

The comparison shows a strong correla-
tion between the Sieve Curve Factor and the
ballast coefficient, with a correlation coeffici-
ent of 0.87,as shown in Figure 4. This confirms
that the measurement principle is robust and
can be adapted to regional differences in bal-
last characteristics. It also demonstrates that
automated ballast monitoring can provide
objective and continuous quality information
under Japanese operating conditions.

3.4. ForceAutomation - Validation of
Tamping Automation

Within the project, the automated adjust-
ment of tamping parameters (e.g. tamping
force) represented a key step toward redu-
cing operator dependency while maintai-
ning the high-quality standards required in
the Japanese railway system. In 2024, a first
version of the tamping parameter automa-
tion system, TampingControl - ForceAuto-
mation (automatic adjustment of tamping
force), was implemented and evaluated
under real operating conditions in Japan.
This system was designed to allow fle-
xible interaction between automation and
manual operation. Operators can activate
or deactivate ForceAutomation individu-
ally and select different operating modes,
including a fully automatic standard mode
as well as modes with increased or redu-
ced squeezing force. Experimental inves-
tigations showed that the fully automatic
mode achieves track geometry results at
least at the same level as those obtained by
experienced operators. Consequently, this
mode was defined as the recommended
operating configuration. When ForceAuto-
mation is active, manual operator inputs are
overridden by the automated control logic;

when deactivated, the tamping process can
be carried out entirely in manual mode. [4]

Based on structured feedback from ope-
rators and infrastructure managers in Japan
and Europe, the system was further develo-
ped to increase its adaptability. A major im-
provement was the capability to adjust the
squeezing force individually for each tam-
ping unit segment. This transition from uni-
form to localized adjustment required both
optimization of the calculation algorithms
and extensions of the machine control sys-
tem, enabling a more differentiated respon-
se to locally varying ballast conditions.

The purpose of the ForceAutomation sys-
tem is to achieve tamping quality that does
not depend on operator experience through
automatic adjustment of tamping force ac-
cording to different ballast conditions. To
assess the effectiveness of the system, com-
parative tests with manual operation by ex-
pert operators were conducted at multiple
locations. Both the improvement effect of
longitudinal level condition after tamping
as well as the subsequent track geometry
degeneration have been analyzed. Figure 5
illustrates the standard deviation of the lon-
gitudinal level over time for selected test sec-
tions. Here, two representative test sections
on the same line are selected, which have
been tamped in late 2024. Figure 5a shows a
section using standard tamping parameters,
while Figure 5b shows a section using the au-
tomatic tamping force adjustment. It can be
seen that TampingControl - ForceAutomation
delivers equal or higher quality tamping work
compared to tamping work done by opera-
tors. This effect can be observed not only for
short term improvement (reduction of errors
directly after tamping) but also in terms of
the sustainability of track geometry, which
was observed in multiple experiments.

4. Conclusion and next Steps

Within this project, a process was found to suc-
cessfully transfer smart tamping technology
to the international market by systematically
considering local infrastructure conditions,

machinery configuration, and operational
requirements. Working closely with Japanese
partners, verification under actual operating
conditions for both ballast condition moni-
toring and automatic tamping parameter
adjustment is currently ongoing. The results
showed that the on-machine ballast evalua-
tion method is versatile and can also be ad-
apted to the ballast characteristics of Japan.
In parallel, the automated adjustment of tam-
ping force showed that track quality can be
achieved at a level comparable to, or better
than, experienced manual operation. Buil-
ding on these results, the next development
steps will focus on further extending the level
of automation. In addition to the already vali-
dated functions, further tamping parameters
will be automated in order to move towards a
more comprehensive, data-driven, and stan-
dardized tamping process. °
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