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Executive Summary
EPILOT IS AN INITIATIVE BY TRAFIKVERKET (the Swedish Transport Administration) and a large number of other 
stakeholders in railway.  The intention of the initiative has been to create a platform for industry collaboration in 
order to rationalise operation and maintenance for the entire railway system. This platform has been based on a con-
cept for information logistics and data analysis for diagnostics and prognostics related to the operation and mainte-
nance process. The concept is called eMaintenance and has been developed by the Luleå Railway Research Center 
(JVTC) at Luleå University of  Technology (LTU). 

Our mission is to provide a collaborative innovation platform enabling operational excellence for the railway eco-
system through eMaintenance and Industrial AI.

Our vision is to enable a robust, resilient, reliable, and digitalised railway system in Sweden that is attractive, safe and 
efficient. 

Our goal is to incorporate relevant research and development findings into the railway system, thereby contribut-
ing to greater reliability, punctuality, and sustainability in railway, and also greater cost-efficiency in operation and 
maintenance.

Within the ePilot’s framework, 38 sub projects have been conducted. 
A brief description of these sub projects can be found in 
Section 6 of this document. The ePilot was ongoing from 
1 November 2013 to 31 December 2019.
Further, ePilot has helped develop the following 
two new concepts:

n   Railway 4.0 – an overarching framework  
designed to facilitate the choice of 
concept, approach, technologies and 
methodologies aimed at the develop-
ment of the railway system, nationally 
and internationally.

n   Testbed Railway – a platform for 
implementing thorough, transparent 
and replicable testing of scientific  
theories, calculation tools (e.g. Big 
Data Analytics) and new technology.
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Foreword
EPILOT is a collaborative project for railway stakeholders. The project has been initiated and sponsored by Trafikverket  
(the Swedish Transport Administration). In addition to Trafikverket, a large number of authorities, industries,  
and academia have contributed to successful execution of ePilot. These stakeholders are:

ePilot has been a successful ground-breaking initiative transforming the Swedish railway! One key factor in this achievement 
has been ePilot’s executive team dedicated to achieve the project’s overall vision and goal.  We would like extend our special 
appreciation to the members of the executive team, i.e.:

n  Veronica Jägare, Project Leader, Luleå University of Technology
n  Ramin Karim, eMaintenance & Industrial AI Leader, Luleå University of Technology 
n  Ulla Juntti, Process Leader and Railway Expert, Omicold
n  Cecilia Glover, Financial Controller, Luleå University of Technology 
n  Alexandra Lund Cipolla, Administrative Coordinator, Luleå University of Technology 

During the execution of ePilot, many professionals, friends and colleagues have contributed and enriched the project.  
Mentioning all the persons without missing one is an impossible task. Hence, we would like to express our special  
gratitude to: Anders Björnström; Roland Bång; Anders Edin; Per Gustafsson; Stefan Jonsson; Stefan Kratz; Jonas Larsson; 
Lillemor Larsson; Per-Olof Larsson-Kråik; Rune Lindberg; David Lövgren; Martin Modéer; Per Norrbin; Birgitta Olofsson; 
Melker Pettersson; Susanne Rymell; Björn Svanberg; Peter Söderholm; Pär Söderström; Patrik Wahlberg; Björn Westerberg; 
Anna-Karin Ylivainio; Sven Ödeen.

n  Aiwizo

n  AMT

n  Argocap

n  BaneNOR

n  Bombardier

n   Branschföreningen Tågoperatörerna

n  Cargonet 

n  Combitech

n  Consid

n  Damill

n  Designtech

n  D-Rail

n  Duroc Rail

n  eMaintenance365/Predge

n  EuroMaint 

n  Green Cargo

n  IBM  

n  Infranord

n  Kairos Future

n  Kaunis Iron 

n  Luleå Railway Research Center (JVTC)

n  Royal Institute of Technology (KTH)

n  Latronix

n  Lernia

n  LKAB

n  Luleå University of Technology (LTU)

n  Norrtåg

n  Norut

n  NRC group

n  Omicold

n  Outflight

n  Railcare Group 

n  Rejlers

n  ReRail 

n  SCMT

n  SJ 

n  Structon Rail

n  SWECO 

n  Telenoor

n  Trackoptic

n  Trafikverket

n  Tyréns 

n  TX Logistik

n  Tågkompaniet/VY

n  Uppsala University

n  Upwis

n  Vossloh 

n  WSP Sverige

n  Xlent

n  ÅF Pöyrö 
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1. Introduction
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SOCIETY  HAS  INCREASING demands on reliable, punctual,  
and sustainable transports. Increased capacity demand  
requires quicker turnaround times and higher utilisation  
of resources, which impact the resilience and robustness  
of the railway system. 

 Achieving customer satisfaction requires a high level of 
availability and fulfilment of the ever-increased capacity 
demand. To achieve customer satisfaction and provide a 
high quality mobility service, operation and maintenance 
of the railway infrastructure and rolling stock need be 
efficient and effective. Improved efficiency and effectiveness 
lead to enhanced asset management, reduced disruption, 
optimised cost-efficiency and improved overall equipment 
efficiency.  This further leads to operational excellence in 
railway. Achieving operational excellence requires a holistic 
cross-organisational approach to integrate eCollaboration, 
eChange Management, eGovernance, innovation and digi-
talised technologies.

ePilot is a cross-organisational collaborative platform aim-
ing to achieve operational excellence and railway customer 
satisfaction. 

ePilot is a palette of innovative solutions developed since 
2013.  This book provides a summary of the issues, challeng-
es, and findings faced, experiences, and solutions developed 
during the execution of this project.

1.1 ePilot’s History
EPILOT HAS BEEN INITIATED AND DEVELOPED in close 
collaboration between Trafikverket, Luleå University of 
Technology (LTU) and a large number of stakeholders from 
the railway industry. The concept of ePilot was developed 
by the Luleå Railway Research Center (JVTC) at LTU as a 
result from more than 20 years of research, innovation and 
implementation in operation and maintenance of railway.

The ePilot concept was presented during 2012, in a report 
that described a framework to bridge the gap between 
research and innovation, and implementing solutions. From a 
technology perspective, the focus of ePilot has been to utilise 
eMaintenance and Industrial AI.

The materialisation process of ePilot has undergone three 
evolutionary phases, i.e. 1) pre-mature phase; 2) mature phase; 
and 3) post-mature phase. Phases 1 and 2 have had a duration 
of three years each, and the post-mature phase is ongoing 
with an infinite duration.  The maturity level varies between 
the individual sub projects.

1.2 Mission

OUR MISSION is to provide a collaborative innovation  
platform enabling operational excellence for the railway  
ecosystem through eMaintenance and Industrial AI.  

1.3 Vision 

OUR VISION is to enable a sustainable, robust, resilient, reliable 
and digitalised railway system in Sweden that is attractive, safe 
and efficient. 

1.4 Goal

OUR GOAL is to incorporate relevant research and  
development findings into the railway system, thereby  
contributing to greater reliability, punctuality, and sustaina-
bility in railway, and also greater cost-efficiency in operation 
and maintenance.

1.5 Strategies

EPILOT’S OVERALL STRATEGIES are based on extended 
cross-organisational collaboration, supportive change man-
agement, increased innovation and implementation, enhanced 
use of digitalisation and holistic eGovernance.

These strategies have been implemented through  
utilisation of various tools, technologies and methodologies. 
Some of these are:

n   Luleå Railway Research Center (JVTC) – including 
‘Testbed Railway’ and research findings

n   eMaintenance LAB – the digitalised cloud/ 
edge-based platform 

n   Agile project management and development

1.6 Significance of ePilot

SWEDEN HAS A LONG TRADITION in facilitating collabora- 
tion between authorities, industry, and academia. In the 
railway sector, a number of collaboration silos, with narrow 
focus on specific aspects of railway, have been created. 

ePilot is an unique collaborative platform that considers 
the whole lifecycle of digitalised railway, through utilisation 
of transformative technologies, which have been tested and 
verified in real-world operational environment. 

1. Introduction
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2. Achieved Impact 

PRIOR TO THE START OF THE PROJECT, a current state 
analysis was conducted which showed a complex rail-
way system, technically, organisationally and legally. Large 
technical system expertise is required which is divided into 
regulatory authorities, infrastructure managers, operators, 
suppliers, maintenance workshops, consultants, maintenance 
contractors and academia. When ePilot started, collabora-
tion was regulated through agreements and contracts that 
often lacked goals and incentives to develop and improve. 
There was a great desire among the stakeholders to jointly 
transfer corrective maintenance to preventative mainte-
nance. By working together, the stakeholders has gained a 
better understanding of the problems posed by the different 
stakeholders. The collaboration model (eCollaboration) 

developed by ePilot has created a collaborative climate that 
also allows competing stakeholders to participate in joint 
development projects. During the project, several interviews 
and questionnaires were conducted which confirm that the 
ePilot platform promotes and supports development work 
and increases the level of implementation. 

ePilot is unique due to the successful collaboration en-
vironment and has gained interest in Europe, South Africa 
and Australia. ePilot has also been awarded the Strukton 
Innovation Award and is on The Royal Swedish Academy of 
Engineering Sciences (IVA) top hundred list.

ePilot has identified gray zones regarding data sharing, 
ownership and use rights. Guidelines have been developed 
(eGovernance) with minimized exposure risk for stake- 
holders. 

Between 2013-2019, ePilot received 105 ideas for 
improvements where 38 of these have been approved and 
demonstrated in sub projects. Sixteen of the sub projects 
have used the JVTC Testbed Railway for test in an opera-
tional environment. The technical readiness level has been 
very high and in some cases resulted in business agreements. 
The sub projects can be related to different topics such as: 
 

n    Track maintenance

n    Vehicle maintenance

n    Decision support

n    Digitalisation

n    eMaintenance

n    Information logistics 

n    Industrial AI

n    Prognostics and health management (PHM)

n    Augmented reality (AR) /Virtual reality (VR)

n    Computer vision

n    eCollaboration 

n    eChange Management 

n    eGovernance 

n    Business models

n    Cost benefit analysis models
n   Test and verification of innovations

A sub project can contain more than one topic i.e. contain 
several deliverables such as validating a new system for auto-
mated inspection delivering the results as decision support. 
The topic “Track maintenance” includes demonstration 
of various measuring systems, such as IR camera, image 
analysis, vibration measurements equipment that has been 
both stationary and mounted on vehicles in regular traffic, 
contributing to a more sustainable environment. Under 

Achieved impacts

n    ePilot has contributed to greater collaboration 
where 51 stakeholders have actively participated 

n    ePilot has established a national platform for the 
retrieval, storage, integration and analysis of condi-
tion and operational data

n    ePilot has created a neutral innovation platform 

n    ePilot has established a process-oriented, cross- 
sectoral working method between organisations

n    ePilot has created a greater understanding of the 
challenges and opportunities that affect the imple-
mentation of innovations 

n    ePilot has increased the industry maturity regard-
ing the opportunities inherent in eMaintenance

n    ePilot expect the upshifting of the invested funds 
to continuously increase 

n    ePilot collaboration has generated 105 ideas result-
ing in 38 conducted sub projects

n    ePilot won the Strukton Innovation Award 2017

n    ePilot has been selected to the The Royal Swedish 
Academy of Engineering Sciences (IVA) top 
hundred list 2020

n    ePilot contributes to the achievement of the  
following impacts by utilisation of digital  
technologies and Industrial AI in operation  
and maintenance: 

-   Improved robustness and punctuality in the 
railway transport system.

   -   Greater cost-efficiency of operation and  
maintenance.
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the topic, “Vehicle maintenance” most of the sub projects 
has investigated possibilities to use data from Trafikverket’s 
stationary detectors for e.g. wheel impact detection or hot 
box detectors to create analytic decision support for vehicle 
maintenance. In sub projects dealing with “Information 
Logistics and AI” work has been done to establish informa-
tion logistics within eMaintenance and Artificial Intelli-
gence tools have been used for the analysis of large data  
sets. In all the mentioned topics above, a decision support 
system has been developed to support the correct main- 
tenance action to be taken. Since digitalisation introduce 
new business models and new ways of handling data, work 
has been conducted for creating guidelines that ensure  
a trustful environment among the stakeholders. The  
results from the sub projects has been used to develop 
eMaintenance solutions for the Swedish railway system 
and to form a process for evaluating new ideas to improve 
operation and maintenance.

ePilot is developing a framework called eChange Man-
agement that will facilitate changes related to digitalisation, 
implementation of innovations with high potential to 
improve the effectiveness and efficiency of operation and 
maintenance.

ePilot has also contributed to a large number of ongoing 
works, initiatives and projects within Trafikverket and the 
industry, including: Shift2Rail, H2020, Horizon Europe, As-
set data (ANDA), Maintenance system (GUS) and BanaVäg 
För Framtiden (BVFF).

Achieved Im
pact 



15



16

3. The Railway of the Future
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GLOBAL DEMAND FOR TRANSPORT IS GROWING FAST. 

Present trends show that passenger and freight activity will 
more than double by the year 2050. Such growth is a token 
of social and economic progress. In order to reduce negative 
environmental side-effects and contribute to the global  
sustainability goals 2030 there is a need for greater reliance 
on railway. In a world becoming ever more urbanised, rail 
travel is well matched to urban needs. High-speed rail can 
serve as an alternative to short-distance air travel and con-
ventional and freight rail can complement other transport 
modes to provide efficient mobility.  The future of railway 
will be determined by how effectively it adapts to both  
rising transport demands and rising pressure from  
competing transport modes.

3.1 Railway Operation Excellence 
Over the last 25 years, the European Commission has been 
very active in restructuring the European rail transport mar-
ket and strengthen the position of railways vis-à-vis other 
transport modes. The Commission’s efforts have focused 
on three major areas, which are all crucial for developing a 
strong and competitive rail transport industry: (1) opening 
the rail transport market to competition, (2) improving 
the interoperability and safety of national networks and (3) 
developing rail transport infrastructure.

In “Rail 2050 vision” (ERRAC, 2017), the European Rail 
Research Advisory Counsil (ERRAC) state the vision: “In 
2050, rail transport in Europe is the backbone of an inter-
modal “Mobility as a Service” within cities and beyond, for 
both passengers and goods, meeting the needs for customers, 
EU citizens and society.  The suppliers and service organi-
sations of the European rail industry are recognised as the 
world’s thought leaders for railway products and services.”

To deliver the 2050 vision, the rail industry needs to de-
velop and deploy technologies such as: digitalisation, distrib-
uted cognitive computing, robotics, distributed immutable 
shared ledgers and new intelligent materials. The future of 
rail lies in flexibility, depending on its ability to adapt to 
and incorporate future technological advances. Some of the 
foreseeable innovations are:

n   Autonomous train operations
n   Intelligent assets lifecycle management: whole-life asset 

approach
n   Protecting the environment and the energy supply
n   Ensuring safety and security
n   Digital rail industry supply chain management

The Research and Innovation Coordination Group (RICG) 
is the International Union of Railways (UIC) group 
which coordinates all R&I issues for the European region. 
RICG was tasked to prepare a strategic direction, for future 
research and innovation, containing twelve capabilities to 
strive for (RICG, 2017).

One of the identified capabilities are “More value from 
data”. Railway manages a growing volume of data contrib-
uting to the data economy. Collection, analysis, interpre-
tation and prediction are automated to provide consistent 
up-to-date information supporting fast, well-informed 
decisions and business benefits. This is achieved through a 
robust, resilient and secure information architecture and 
governance structure. Taking into account data privacy 
management, relevant information is shared across the 
industry and more widely, enabling the development of new 
services and applications to the benefit of the railway and its 
customers.

Another capability is “Guaranteed asset health and availa-
bility”. Optimised maintenance keeps the railway contin- 
uously open, fostering minimal disruption to train services.  
Shared real-time monitoring of asset health by a wide array 
of sensors connected together in an Internet of Things (IoT)  
environment feed the predictive maintenance decsion- 
making process. Asset health and availability is further 
improved by machine learning, artificial intelligence and big 
data analytics. Robust modular units and infrastructure are 
easily maintained and repaired through a robotic automated 
system, making the operation punctual, safe and quick.

Rapid and reliable R&D delivery is a mandatory capa-
bility in order to get the intended effects. An ecosystem 
for R&D, based on effective collaboration, the provision of 
greater technology demonstration capability and the rapid 
integration of technology into the railways, remove barriers 
to the adoption of new technologies and decrease time to 
market. 

Operational excellence and innovations are prerequisites 
for sustainable growth and competitiveness in railway. The 
digital transformation is changing the landscape of trans-
portation in general, and in railway particularly. In railway, 
Information Technology (IT) and Operations Technology 
(OT) will converge, and products, processes and systems 
become connected, also called ‘connected railway’. In the 
connected railway,  Artificial Intelligence (AI) will seamlessly 
augment people and assets. 

The digital revolution will also change the railway busi-
ness. Railway stakeholders will become more engaged with 
each other and create new business models to optimise the 
railway system from a holistic perspective. The barriers of 
infrastructures and rolling stock will smoothly be replaced 
by an integrated comprehensive approach which prioritises 
sustainability and dependability.

The future railway is digitalised and highly automated. 
One of main drivers of increased automation is increasing 
the safety level interacting with the system. In railway, in-
creased level of autonomy requires deployment of advanced 
analytics and digital technologies. 

3. The Railway of the Future
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Operating and maintaining railway require continuous inte-
grated automated condition monitoring. Sensor technology 
can replace manual measurements in many cases. The sensor 
data can be used for e.g. detection, localisation and cause 
identification of anomalies. Coupled with advanced ana-
lytical capability based on Artificial Intelligence (AI), deep 
learning, machine learning and sensor systems can provide 
railway stakeholders with valuable insights into the health of 
the railway system, including infrastructure and the rolling 
stock.

New maturing technologies offer huge potential and 
organisations need to find a cost effective way to adopt, 
adapt, improve, experiment, implement and learn from 
new technologies. An implementation that gives returns 
on investment and can unlock financial and management 
business tradition deadlocks and give new energy to new 
business models. 

Data production will be 44 times greater in year 2020 
than it was in 2009 (AW, 2017). This requires a smarter 
approach to avoid drowning in data streams. Organisations 
need to develop new, smarter approaches to convert and 
translate data into reliable, safe, secure and trustful facts, in 
order to make decisions. Creating new generation of busi-
nesses with a higher percentage of high-value-add knowl-
edge to managers, operative decision makers and workers.

3.2 eChange Management

GLOBALLY, RAILWAY IS EXPERIENCING a major technology  
transformation (or paradigm shift), triggered by the en-
hanced utilisation of digital technology. This technological 
transformation affects not only the technical systems, i.e. 

railway infrastructure and rolling stock, but also regulations, 
organisations, processes, and individuals. Hence, hardware, 
software, but also liveware (i.e. humans) are affected. To deal 
with these challenges, the railway industry needs to define 
strategies, which enable a smooth transformation of the 
existing configuration to a digitalised system. Digital railway 
requires a holistic change management approach based 
on system-of-systems thinking and a set of appropriate 
technologies and methodologies. The railway digitalisation 
strategy should be based on systematic risk management 
that address aspects of, e.g., information security, traffic 
safety and project risk. In addition, managing changes for 
a digitalised railway effectively and efficiently also requires 
a framework for aspects such as needs finding, requirement 
identification, and impact of changes for individual, teams 
and organisation. (Jägare et al. 2019).

3.3 eCollaboration

THE INCREASED DIGITALISATION has led to greater 
transparency and in recent decades as it has taken a more 
holistic approach, discussing the railways as one system. This 
increases the demands on cross-organisational collabora-
tion. Existing collaboration models are eg. partnering used 
in the construction industry (Barlow, et al. 1997,  Olsson 
& Espling, 2004, Olsson , 2014), strategic alliances used 
for gaining market advantages (Elmuti & Kathawala et al., 
2001), collaboration model for demonstration projects and 
testbeds (Juntti, et al. 2019), digital collaboration used by 
public authorities to share information (eSam, 2018) and 
the ePilot collaboration model (Juntti & Jägare, 2019).

A comparison of different collaboration models, by analysing  
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their key parameters for successful collaboration, shows that 
key parameters related to human and organisational factors 
are the most important to be established and agreed on 
before starting a good collaboration, followed by legal and 
financing aspects. One of the crucial aspects in collaborative 
projects is that stakeholders can feel safe. This in turn leads 
to minimised risks for the participants and a win-win situ-
ation, and that is possible to enter a collaboration in order 
to get business advantages as long as it is agreed amongst 
the other stakeholders. Organisation key parameters are 
commitment/communication and Methodology Readiness 
(MR) i.e. are all stakeholders ready and willing to partici-
pate (Jägare, IHHA Perth, 2015).  Another thing to keep in 
mind is that collaborations among several stakeholders cre-
ates a virtual organisation and stakeholders’ representatives 
are aware of their own business objectives and the objectives 
for the collaboration.

Concluding remarks are that cross-organisational collabo-
ration models aiming at at digitalised railway need a clearer 
and agreed definition of the aim for all stakeholders in-
volved, how the results will affect the whole railway system, 
who is the end user and how will it benefit the end users.

3.4 eGovernance
VIRTUAL ORGANISATIONS for cross-scientific and cross- 
organisational cooperation and collaborations has become 
more common during recent years, demanding develop-
ment of new guidelines and rules for governance.

The essential aspects of governance for a future digital rail-
way to be considered are data sharing in order to develop 
strategies and guidelines are: 

n   Common terms for cyber assets
n   Data ownership/rights for disposal
n   Agreements/contracts/tendering
n   Classification of data

eGovernance needs common defined and agreed terms 
involving data sharing, to avoid misunderstandings regarding 
project deliverables and ownership of data. The guideline/
standard ”Terms for asset management of cyber asset” (see 
Table 1, page 24) will be a continuously updated since 
new technologies e.g. digital twins and AI will create new 
phenomena’s that can be unregulated and perhaps will need 
validation and to be legally tested  and applied. 

It is important to regulate who is the data asset owner, 
since the data owner can be the asset owner or the meas-
uring company according to what has been agreed upon 
in a contract. Data is to be considered as an asset that can 
be very valuable and also to be considered relevant for the 
whole lifecycle as long as it has been quality assured and 
clearly documented e.g. in a maintenance system. 
Guidelines for data sharing will be tools for future test 
sites where data and information can be made available to 
the industry in order to increase the development of new 
solutions. Guidelines will be the enablers for information 

logistics for maintenance purposes where the approach can 
be used as a support tool in order to facilitate the develop-
ment of maintenance decision support within the railway 
industry.

3.5 Innovation & Implementation
THE EUROPEAN TRANSPORT WHITE PAPER is accompanied 
by an impact assessment report (EURDM, 2011) that iden-
tifies the challenges that the transport system is likely to face 
in the future. Transport research and innovation in Europe 
today are making progress in supporting the development and 
use of key technologies needed to develop the EU transport 
system into a modern, carbon-free, efficient and user-friendly 
system. However, taking the products and services to market 
to achieve this goal is not going fast enough. This situation is 
due to a variety of marketing and governance problems i.e.:

n   Weak innovation processes
n   Lack of adequate coordination related to insufficient 

data and information and lack of common strategic 
priorities

n   Long time to get new technology to market
n   The complexity of the technical alternatives

The academic world is experiencing increased demand for 
proven benefits of publicly funded research. Implementation 
Research with a focus on issues of research utilisation has 
evolved over a significant ambient pressure, with a rapid 
expansion of the field during the 2000s (Nilsen 2014).

When the Organisation for Economic Co-operation and 
Development (OECD) evaluates Sweden’s politics regarding 
innovation the conclusions from a SWOT-analysis states 
that one of nine threats to the Swedish competitiveness is 
difficulties in transferring technique between research and 
industry (VI 2013:21, 2013).  

A successful implementation depends on whether you 
have a general understanding of the implementation process, 
that is, if you know what is required for a successful innova-
tion and the implementation process, the chances are much 
greater that you will succeed in the implementation of a 
new product or process.

3.6 Railway 4.0

IN THE SWEDISH TRANSPORT RESEARCH INVESTIGATION 

(SOU, 2010) from 2010 the analysis describes how academic 
competence and long term financing have to be combined  
with medium and short length projects, where some pro-
jects are of a near-market or short-term problem-solving 
nature. Reinforcements of incubation and demonstration 
in the existing transport related development environ-
ments create good conditions for innovation and growth. 
In order to balance long and short term projects together 
with governance and freedom, management and activities 
in incubators, platforms and projects need to be handled in 
a good way.
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Furthermore, demonstrators are described as an efficient 
instrument in the innovation process that lead to meetings, 
mostly in pre-commercial phases, between developers, 
problem owners and innovators but also as a motor for new 
innovations to be created. Innovations can be tested in  
realistic operating conditions where risk, costs and accidents  
can be decreased. Development and the operation of 
demonstrators can be one of the most important paths to 
implement and commercialise research results.

To achieve smooth implementation of new research and 
innovation, the railway stakeholders, e.g. infrastructure man-
ager and railway industry, need to develop means for testing 
of new technology and innovative solutions. 

To achieve this, JVTC and the Division of Operation  
and Maintenance Engineering at Luleå University of   
Technology have developed a framework called ‘Railway 
4.0’, with a corresponding testbed called ‘Testbed Railway’.

The framework and the testbed aim to facilitate  
establishment of digitalised railway and enable enhance 
decision-making through big data analytics. The tools also 
provide capability to acquire asset-related data such as con-
dition data, failure data, and reliability data, via a  
service-oriented and cloud-based approach.

Railway 4.0 is the overarching framework that is designed 
to facilitate the choice of concepts, approaches, technologies 
and methodologies aimed at the development of the railway 
system, nationally and internationally. Further, Railway 4.0 

focuses on to disseminate the experience and knowledge to 
involved stakeholders (e.g infrastructure owner, entrepre-
neurs, academia, and consultants). Railway 4.0 provides the 
railway industry enhanced opportunities to collaborate, co-
operate, test, and implement relevant research and develop-
ment results in the areas of digitalised railway and eMainte-
nance. This in turn contributes to improved robustness and 
capacity of the railway transport systems, as well as increased 
cost efficiency of operation and maintenance.

3.7 Industrial AI

INDUSTRIAL AI ( IAI) is an applied research within AI  
which focuses on the deployment of Deep Learning,  
including Machine Learning, in industrial contexts. IAI  
is explorative to bring insight and understanding of an  
industrial phenomena. IAI is expected to generate problem- 
solving findings that are practically useful in various  
industrial contexts such as prescriptive analysis of asset 
 health, diagnostics, prognostics, and prescription. IAI 
research needs to deal with challenges related to specific 
characteristics of industrial domains. Some of these are 
highlighted below.

ePilot has utilised the IAI concept to provide a roll out 
plan related to categories of contexts appearing in railway 
industry, such as repetitive tasks context, experience-based 
tasks contexts, optimisation contexts, complex problem- 
solving contexts, and creative problem-solving context.
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4. The roadmap to digitalised operation and maintenance of railway
ONE OF THE MAIN PURPOSES with ePilot has been to facili-
tate the digital transformation in railway. 

Hence, ePilot provides a blueprint for actions needed 
to accelerate digitalisation in railway. These actions are 
described in a set of checkpoints. These checkpoint are 
considered as a handrail for planning strategies to achieve 
overall business objectives in short-term and long-term. 

4.1 Checkpoint: eCollaboration

eCollaboration provides guidance for enhanced  
collaboration towards jointly agreed goals.

EPILOT PROVIDES a collaboration platform (eCollaboration) 
for the development of solutions for maintenance decision 
support, based on the needs and requirements from various 
stakeholders, in order to enable and transform the Swedish 
fragmented rail industry to an integrated industry. eCol-
laboration provides guidance for enhanced collaboration 
towards jointly agreed goals. The model is dependent on 
trust and credibility in order for all stakeholders to feel safe, 
during the whole project.  

eCollaboration is based on the following target attributes:

n   Commonly agreed goals
n   A neutral platform and common rules
n   An enabling support organisation
n   Collaboration between stakeholders 
n   Active participation with responsibility
n   Transparency around one’s own business
n   Control and quality assurance
n   Economic, legal and administrative conditions
n   That the stakeholders help each other to get the right 

decision support
n   A conflict resolution model

All stakeholders have had the same status and ability to 
communicate openly with a fair balance of power.

A successful eCollaboration requires to continuously repeat 
the target attributes. The stakeholders need to be clear about 
why they want to participate in the collaboration project.  
The most relevant function that ePilot has fulfilled accord-
ing to the stakeholders are that ePilot:

n   Enables improvement by offering the possibility to 
demonstrate new innovations

n   Supports collaboration in development issues
n   Contributes to skills enhancement 
n   Stimulates exchange of experience
n  Coordinates and prioritises sub projects

For more information: 
n   ePilot Sub project 201
n   Juntti, U., & Jägare, V. (2019). Enhanced collaboration 

models in eMaintenance projects.

4.2 Checkpoint: eChange Management

 eChange Management, a holistic change management 
strategy based on a change management model  
adapted to railway can ensure the success of implement-
ing an innovation considering the organisation  
and individuals.

EPILOT HAS PROVEN TO BE an efficient way to test innova-
tions in a multi-organisational collaboration, contributing to 
the digitalisation of railway maintenance. After the inno-
vation has been tested and benefits have been identified, 
an organisation can decide to implement the innovation 
leading to the start of an implementation project. In order 
to implement new technology, a systematic project model 
e.g. XLPM, should be integrated with project risk manage-
ment that comply with regulations, e.g CSM-RA regarding 
traffic safety in railway, to evaluate and assess the change. 
The project management should also consider a checklist 
describing possible implementation effecting factors. Parallel 
to the project management, a holistic change management 
strategy based on a change management model adapted to 
railway should be considered, in order to ensure the success 
of implementing an innovation considering the organisation 
and individuals. In an implementation project, the project 
management model ensures an efficient way of getting the 
work done by doing the right things to achieve the goals. 
“The change management model ensures an effective way 
of doing things the right way and making it stick to make 
sure the goals are reached” (Jägare,et al, 2019). 

The application of a holistic change management strategy 
provides the following general benefits:

n   Provision of a conceptual scaffolding for people, the 
process and the organisation implementing change

n   The change process is started and managed by the 
right people at the right time

n   Inclusion of specific tasks and events that are appro-
priate for each stage in the change process

n   The whole value-chain understands and supports the 
change

Benefits for the organisation:
n   Helps to align existing resources within the  

organisation
n   Allows the organisation to assess the overall impact  

of a change
n   Implements change without negatively effecting the 

day to day running of operations
n   Reduces the time needed to implement change and 

risk of unsuccessful change Th
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Benefits for the individual:
n   A smooth transition from the old to the new while 

maintaining morale, productivity, and even company 
image is supported

n   Provides support for concerns regarding changes
n   Helps to plan efficient communication strategies
n   Managed change can minimise resistance to change

The application of systematic risk management in the 
change management process provides the following benefits: 

n   Compliance with existing regulations (requirements) 
and best practice (standards).

n   Systematises maintenance tasks in a traceable way 
through a system hierarchy. 

n   Facilitates an understanding of the maintenance ob-
jects and the relationships between these.

n   Improved overview of failures, effects and the contri-
bution of maintenance to efficient operation. 

n   Documents best practices within maintenance.
n   Provides the foundation for a living maintenance 

programme and dynamic maintenance regulations.

For more information:
n   Jägare, V., Karim, R., Larsson-Kråik, P.-O., & Söder-

holm, P. (2019). Change management in digitalised 
railway – a case study of Swedish railway digitalisa-
tion.

4.3 Checkpoint: eGovernance

 eGovernance can be considered as one of the enablers 
for information logistics for maintenance purposes where 
the approach can be used as a support tool in order to 
facilitate the development of maintenance decision  
support within the railway industry.

IN THE EPILOT, a platform for decision making in mainte-
nance has been developed which provides a cloud based, 
one-stop-shop for data collection and analysis, which aids 
research projects and maintenance practices. A number of 
challenges related to data sharing between stakeholders have 
been identified, which led to uncertainty among the stake-
holders regarding data collection and ownership. There is no 
common nomenclature to describe different types of data 
in the flow from data to decision to use in a cross-organisa-
tional project where data sharing is necessary.

eGovernance for railway supports the understanding and 
establishing strategies and guidelines for governance in a 
cross-organisational railway maintenance context. This can 
be considered as one of the enablers for information logis-
tics for maintenance purposes where the approach can be 
used as a support tool in order to facilitate the development 
of maintenance decision support within the railway industry 
(Jägare,et al, 2019).

ePilot has chosen to use definitions within the area of 
eGovernance according to Table 1. These definitions are 
partially based on ISO 55000.
The concepts for data and information has been illustrated 

Term Definition

Cyber Asset In our definition, Cyber Asset refers to digital 
fixed assets. Cyber Assets (e.g. data and 
information) should be considered as part of a 
business facility.

Physical Asset In our definition, Physical Asset refers to 
physical fixed assets. Physical Asset is nor-
mally regarded as the main part of a business 
facility.

Data Data in this context refers to unprocessed 
content between two processing points. Data 
is generated by a data provider (such as a 
sensor). Data is considered a Cyber Asset.

Processing point Processing point means a step in which 
processing of data takes place, for example, 
converting analogue signals to digital, filtering, 
quality assuring, extracting, transforming, 
analysing and visualising. A refining process 
can consist of several processing points.

Algorithm Algorithm in this context refers to a series of 
instructions intended for data processing.

eMaintenance eMaintenance refers to the area of mainte-
nance technology that aims to provide decision 
support for operations and maintenance, 
through the application of advanced informa-
tion technology.

Information Information in this context refers to processed 
content (data). That is, results from a so-called 
processing point / refining process. It is im-
portant to point out that information (ie output) 
from a processing point can be regarded as 
data (ie input) to another processing point. 
Information is to be considered a Cyber Asset.

Asset An asset is an item, thing or entity that has po-
tential or actual value to an organisation. The 
value will vary between different organisations 
and their stakeholders, and can be tangible  
or intangible, financial or non-financial.  
(ISO 55000).

Asset Management Asset management involves the balancing 
of costs, opportunities and risks against the 
desired performance of assets, to achieve 
the organisational objectives. The balancing 
might need to be considered over different 
timeframes. Asset management enables an 
organisation to examine the need for, and 
performance of, assets and asset systems 
at different levels. Additionally, it enables the 
application of analytical approaches towards 
managing an asset over the different stages of 
its lifecycle. (ISO 55000).

Asset owner (Cyber 
Asset and Physical 
Asset)

Asset owner refers to the organisation/party 
that has the right of decision over the manage-
ment of an asset throughout its life cycle.

Asset User (Cyber 
Asset and Physical 
Asset)

Asset user refers to the organisation/party 
that has the right to use an asset (cyber or 
physical) during the entire contract period and 
according to agreed terms.

Table 1. Terms for asset management of cyber assets.
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in ePilot according to figure 3. Data is defined as unpro-
cessed content between two processing points and with 
information, meaning processed content (data) i.e. results 
from a so-called processing point/process.
The uncertainties regarding data sharing in the railway 

For more information:
n   ePilot Sub project 219
n   Jägare, V., Juntti, U., & Karim, R. (2019). Governance 

of digital data sharing in a cross-organisational railway 
maintenance context.

4.4 Checkpoint: Organisation, processes 
and routines

 The support and decision-making organisation for 
the project is as lean and agile as possible in order to 
cooperate to enable rapid decisions to be made via short 
decision-making and communication channels.

TO ACHIEVE A HIGH DEGREE OF FLEXIBILITY, with focus 
on clarity, transparency and quality, ePilot has chosen an 
organisation and associated working method built on a 
process-oriented approach, management by objectives, con-
tinuous improvement and a framework for implementation.

Trafikverket has been a sponsor of ePilot. JVTC has been the  
main responsible for ePilot. JVTC and its Board of  Directors  
have delegated the management and control of the project to 
a steering group for ePilot consisting of a chairman, a secretary 
and members appointed by stakeholders in the rail sector.

The engine of the virtual organisation is the executive 
team (the support) that will staff and build the project 
structure, start operations and projects, act as a driver, follow 
up and document and support the implementation of the 
results. The support is led by a project manager. The support 
also includes a process manager, an eMaintenance & Indus-
trial AI Leader and an administrating coordinator.

ePilot Stakeholder Group, where everyone is welcome, 
are invited to regular process meetings to contribute knowl-
edge and ideas to the project.

An Advisory Group representing potential recipients of 
results reviews submitted project proposals and makes rec-
ommendations for the steering committee’s decisions.

The staff consists of project controller and support from 
the university’s lawyers.

Approved sub projects are led by a sub project manager.
The working model for continuous improvement (see 

Figure 2) describes the steps needed for a completed sub 
project to be continued even if some development and 
implementation remains.

 

Figure 2. Illustration of data and information.

industry leads to slower development since cross-organisa-
tional maintenance data is needed for development. ePilot 
is a useful platform and toolbox where the industry can 
test and verify solutions and clarify issues that might occur 
when sharing data. 

eMaintenanceLAB (eMLAB) store and deliver data for 
research within eMaintenance. Data is collected from var-
ious sources from various stakeholders in the maintenance 
industry. Data is only intended for use in education and re-
search. Internal and external agreements regulate the use of 
data from eMLAB. Contracts and regulations must contain  
information such as: ownership and use rights, data security,  
storage, deletion, confidentiality, etc. It is important to design  
routines and regulatory frameworks for the safeguarding of 
data and information security when pooling and sharing  
data. Agreements shall always be signed when data or 
information is used in the implementation of projects or 
research/education. The agreement shall specify the purpose 
of using data or information, what findings are expected 
and any restrictions that apply to use or publication.

Figure 3. Working model for continuous improvement in ePilot
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The support and decision-making organisation for the  
project needs to be as lean as possible and collaborate  
closely to enable rapid decisions to be made via short  
decision-making and communication channels.

4.5 Checkpoint: Immaterial Property Rights 

The ePilot has developed steering documents to be used 
in order to create a safe environment for sharing and 
collaborating.

IT IS IMPORTANT to safeguard the rights to Immaterial 
Properties (IP) in order to create confidence to participate 
with one’s ideas and innovations. The JVTC membership 
agreement is the foundation for the collaboration within 
ePilot that regulates e.g. Foreground, Right to background 
and Confidentiality. Project stakeholders can enter informa-
tion or material of a confidential nature within the frame-
work of a project. Each project partner therefore under-
takes necessary measures in the processing of confidential 
information, which can reasonably be required to be able 
to maintain the confidentiality during the time the project 
is in progress, and a maximum of three years thereafter. A 
project stakeholder who considers information or material 
submitted to be considered confidential shall mark this with 
“Confidential information”. The members are aware that 
JVTC is a Center of Excellence at LTU, which means that 
the public access applies to public documents, unless the 
information can be classified as confidential according to 
the rules of the secrecy law. (Jägare,et al, 2019).

The ePilot project specification is a governing document 
stating the common agreed goal, collaboration and deliv-
erables for each project within the ePilot. This document 
is used as a basis for negotiation between the stakeholders 
during the initiation of the project. Information regarding  
regulation of data sharing between stakeholders in the tem-
plate was previously missing, resulting in some disagree- 
ments later during the course of the project. Therefore, 
information regarding ownership of data, rights of disposal, 
distribution to third part, archiving and deletion has been 
added.

The ePilot project agreement establishes the arrangement 
between the stakeholders during the contract period. The 
project specification is an appendix to the agreement. This 
document does not contain any regulations for data sharing. 

All stakeholders in a sub project own the results that have 
been developed/designed within the framework of the pro-
ject. These components may not be disseminated to others 
without special agreement and approval by all stakeholders 
involved. Ownership rights apply neither to components 
brought into the project in the form of own contributions 
nor third-party components, such as hardware and software.

For more information:
n   ePilot Sub project 219

4.6 Checkpoint:  
Communication and information

Extensive communication efforts are needed to reach all 
industry stakeholders in order to educate and disseminate 
the results from the project.

IN EPILOT, there is a need to communicate aims, objectives 
and findings on a regular basis during the course of the 
project. There are both internal and external target groups. 
The communication helps to achieve project objectives and 
disseminate information regarding preparations, execution, 
follow-up, findings and implementation. Key personnel, 
from both internal and external stakeholders shall know 
where to find information and who to contact for further 
information if necessary. The communication shall take a 
holistic approach and focus on the benefit of the project 
on a level that creates the right expectations. Findings are 
disseminated via newsletters, stakeholder meetings, confer-
ences, ePilot’s results conferences and website.

4.7 Checkpoint: Business models

More business models could create increased competition 
and increased efficiency, thereby reducing the length of  
the innovation cycle.

THERE IS A DEMAND AND MARKET for condition infor-
mation and information services but business models for 
this have not yet been developed. There is also a demand 
primarily among train operators and vehicle maintenance 
contractors to share condition information amongst them-
selves. Furthermore, Trafikverket is interested in receiving 
continuous information on the infrastructure that can be 
registered by trains in operation. In addition, there is a 
need among maintenance contractors to be able to utilise 
more continuous monitoring and some trials have been 
performed in this area but many components need to be 
improved in order to use it in daily operations.

The railway industry is conservative with a long cycle 
of innovation, which means that all changes take a long 
time to implement. Business models in the industry are 
few. More business models could create increased compe-
tition and increased efficiency, thereby reducing the length 
of the innovation cycle. However, there is no incentive 
in the industry, which may be a contributing reason why 
existing business models do not change. Many respondents 
talk about the importance of selling function, but because 
there is no incentive and no one wants to take responsibil-
ity for how it should work in practice. Another problem 
with today’s business models is that the information flow is 
one-way. By opening the possibility that information and 
data can be shared between stakeholders in the industry, 
conditions are created for new business models.
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The customers cannot decide or choose a business model, as 
it is something that is emerging from the market depending  
on the obstacles, incentives and needs that exist. What 
customers can influence is that regulations should not be 
designed so that they create obstacles for digital develop-
ment. Customers can also work to create incentives to steer 
development in the desired direction. An important part 
of the further development is data management and the 
availability of non-security classified data. New business 
models enable new and existing stakeholders to carry out 
analyses and collaborate on a digital railway. By formulating 
contracts, so that incentives are created so that all involved 
actors earn a living on the deal, the chances of a collabora-
tion that benefits both actors but also the benefit of society 
are increased. This in turn can lead to even greater collabo-
ration between different stakeholders in the industry.

For the industry to be able to find a business model, the 
procurer needs to design contracts so that both the procurer 
and provider can see the benefit of the business venture. To 
create incentive for maintenance contractors to work with 
eMaintenance and more constant control of the condition 
of infrastructure systems, current maintenance contracts 
need to be improved. An explanation for the reluctance in 
adopting innovations can be, for example, that the cost for a 
new working method arises in parts of the organisation that 
cannot draw any benefit. The technical understanding of 
measurement data needs to increase, and not least how busi-
ness and financial opportunities are linked to the ability to 
analyse measurement data. Progressive companies realise that 
prevailing business models cause stagnation and the railway 
becomes less competitive. They are prepared to develop the 
industry in collaboration with their customers and sub- 
contractors. The stakeholders´ role regarding eMaintenance 
and data collection need to be clarified. This applies to, e.g. 
the management and ownership of data for infrastructure, 
control and procurement of data from operators and con-
tractors in the Swedish railway industry.

For more information:
n ePilot Sub project 201

4.8 Checkpoint:  
Implementation challenges

For an implementation process to be successful, commit-
ment is needed and can be achieved by formally appoint-
ing an implementation manager. Someone to coordinate 
and drive the process forward, especially if the process 
spans over several different user groups.

DURING THE EPILOT, some examples of different factors 
influencing implementation of innovations in the railway 
system, which have been identified, are:

n   A complex process for changing regulations
n   Unclearness and ambiguity regarding data ownership 

and access rights
n   Low organisational readiness and maturity
n   Uncertainty of condition data quality
n   Unidentified requirements for the end users
n   Unclear benefits from implementing the results for 

the end users
n   Unclear responsibilities between the stakeholders
n   Insufficient business models
n   A lack of incentives in the maintenance contracts for 

stimulating innovation, implementation, collaboration 
and information sharing

n   A lack of an implementation strategy e.g. a plan 
for how the new technology would be utilised and 
evaluated

A first attempt of developing a supportive framework 
describing factors affecting implementation of innovations 
in a digital railway context defines five different domains 
to consider: I) Innovation characteristics, II) Characteristics 
of the individuals involved, III) Inner settings, IV) Outer 
setting, and V) Process of implementation (Jägare. V. et al. 
2015). The different domains in the framework addresses 
factors affecting change from a technological, individual and 
organisational point of view.

This framework aids to describe the factors affecting im-
plementation of innovations and can be used as a checklist 
to reduce the risk of failure in a project. 

For an implementation process to be successful, commit-
ment is needed and can be achieved by formally appointing 
an internal implementation manager. Responsibility needs 
to be assigned for someone to coordinate and drive the 
process forward, especially when the question spans several  
different user groups. The possibility of testing the innova-
tion on a small scale and being able to reverse implementa-
tion is an important feature.

For many smaller companies with beneficial innovations, 
the process of testing and validating a product can be too 
long and require too much effort to get past the finishing 
line. Large and complex organisations can have difficulty 
finding a common direction and making decisions on the 
activities required to achieve objectives.

For more information:
n   ePilot Sub projects: 042, 051, 201.
n   Jägare. V., Juntti. U. and Karim. R. (2015). Implemen-

tation of e-Maintenance concept on the iron ore line 
in Sweden. IHHA 2015 Conference, 21-24 June 2015, 
Perth, Australia.

n   Jägare, V., Karim, R., Larsson-Kråik, P.-O., & Söder-
holm, P. (2019). Change management in digitalised 
railway – a case study of Swedish railway digitalisation. 
In: International Heavy Haul Association Conference 
(IHHA 2019), 10 – 15 June, 2019, Narvik, Norway.
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A protocol for evaluating project ideas was developed at the 
beginning of ePilot in order to be able to fairly assess the 
contribution of sub projects to:

n   ePilot project objectives
n   Achievement of project formalities
n   Utilisation of findings
n   Expected effects: robustness, punctuality,  

cost-efficiency
n   Quality
n   Practicability
n  Technology Readiness Level (TRL) classification

To ensure the quality of the project, the following have 
been applied:

n   The project’s support organisation’s work has been 
internally reviewed and subsequently reviewed by the 
project sponsor and JVTC’s deputy director

n   Each sub project plans for an internal and / or exter-
nal review of the project result. The review process is 
described in each sub project’s project specification

n   The project’s governing documents have been re-
viewed and approved by the steering committee

n   The status of the sub projects has been presented as 
part of the project’s progress report

n   Seminars, workshops and training are evaluated by the 
participants

4.9 Checkpoint: Project quality

Having a well-tested process to follow is important in  
order to have clear decision points and secure project 
quality in a collaborative project with multi- 
organisational stakeholders.

IN PROJECTS WITH A LARGE NUMBER OF STAKEHOLDERS, 

a broad scope and diversified findings, project management 
is the most important component to safeguard attainment of 
the project’s objectives and its quality of delivery. ePilot has 
chosen to use the XLPM project management model and 
its associated tools. This model has, however, been further 
developed and adjusted to support collaborative projects in 
the railway industry. The adjustment has produced a number 
of project phases with clear decision points, see Figure 4.
The project management model has provided support to 
both management functions – such as the board of directors 
and the management group – and executive functions, such 
as project management and support groups. 

To be able to establish an agreed quality assurance process 
in ePilot, the common project management model has been 
used in all sub projects regardless of scope and focus. 

To carry out a delivery check against the project’s objectives, 
the following documents have been produced and reviewed:

n   Project reports that provide a description of findings
n   Final reports that provide proof that everything has 

gone according to the project specification; deviations 
are noted and commented on

n   Sub project reports and final reports are approved by 
the steering group

Figure 4. ePilot management model
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4.10 Checkpoint: Technical platform

Establish and provide appropriate context-adapted tech-
nology platforms to accelerate the digitalisation process of 
railway.

TO ACHIEVE A HIGH LEVEL of flexibility and security, ePilot 
has utilised two platforms of collaboration, knowledge 
sharing, and technology-pooling. These platforms consist 
of a set of cloud-based services that have been composed 
and orchestrated by eMaintenance LAB. These services have 
been segregated into two service lakes (see Figure 5):

n   Maintenance Analytics Services (MAS) - these services  
are designed primarily to support data analysis.  
Examples of these services are data collection from 
various sources (such as detectors, vehicles, main- 
tenance systems and operating systems), integration 
of collected data, processing of data, quality assurance 
and validation, modelling of correlations between 
datasets for analysis, distribution of analysis results and 
visualisation.  

n   Project Management Services (PAS) – these services 
are designed to primarily support project activities 
such as management, coordination, collaboration and 
cooperation. Examples of these services are: docu-
ment management, project document management 
including version management, project calendar, 
project diary, project email, and project chat.

For more information:
n   ePilot Sub projects: 042, 242, 248

4.11 Checkpoint:  
Cross-organisational decision support

Define and describe the decision-making processes from 
boundaryless perspective to enable output-driven process 
design and development.

TO ENABLE CROSS-ORGANISATIONAL DECISION SUPPORT 
for the stakeholders involved, ePilot has designed tools for 
data collection, data analysis and visualisation. These tools 
are based on a platform that has been supplied in collabora-
tion with eMaintenance  LAB at LTU. 

The common decision support has enabled and enables 
different stakeholders to make decisions based on the same 
facts (basic information). Examples of different services 
supplied by decision support are services for: collection of 
measurement data for different types of data source over 
time; storage and restructuring of collected data; integration 
of different datasets; context-based analysis of collected data; 
and also visualisation of analytics.

ePilot has shown that a common platform for decision 
support is needed to facilitate collaboration in the industry. 
Furthermore, various sub projects verified that access to and 
sharing of data and information is a basic prerequisite for 
establishing a common platform, and also that the scalability 
and flexibility in data exchange and analytics are fundamental.

For more information:
n  ePilot Sub projects: 042, 220, 242, 248

Figure 5. Collaboration support via eMaintenance LAB.
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4.12 Checkpoint: Enabling an overarching 
architecture for digitalised railway

 Design, develop, and provide a loosely-coupled integrated 
open scalable software and hardware architecture that 
enables servitisation of technology platforms.

EFFICIENT AND SUSTAINABLE MAINTENANCE requires 
effective decision support that can provide various main-
tenance stakeholders (both internal and external) with the 
right basis for a decision at the right time, and with the 
right quality. The design of decision support for mainte-
nance purposes requires strategies that define and establish 
architecture, infrastructure and ontology, definitions of 
classes, properties and concepts. Together, these strategies 
constitute the basis for being able to establish a platform 
for digital maintenance. A digital platform for maintenance 
purposes is being realised in the form of eMaintenance. 

Both industrial and academic research show that eMain-
tenance and Industrial AI solutions, built on a service- 
oriented approach, can facilitate development, increase 
flexibility, reduce lifecycle costs, enhance quality, as well as 
improve the conditions for innovation in the context.

Hence, a conclusion is that a future platform for  
eMaintenance and Industrial AI should be based on a  
service-oriented approach. This platform should enable 
internal and external stakeholders to supply information 
services for e.g. data collection, data processing, data distri-
bution, data analysis and data visualisation. These services 
should be possible to develop for companies, organisations 
and private individuals and be supplied via an “industrially 
adapted cloud service”. To improve the conditions for inno-
vation, railway stakeholders should develop an appropriate 
business model from the start that benefits an innovative 
ecosystem for maintenance service development.

Examples of the different roles for the supply and organi-
sation for an eMaintenance solution, see Figure 6.

Owner of the platform – the platform owner has the main 
responsibility for establishing and supplying a technical plat-
form that enables the service consumer and service provider 
to exchange information services (applications). The platform 

owner is also responsible for designing the service exchange 
business model and service quality assurance system.

The service provider – The service provider is people 
of organisations that develop services (applications) for 
specific purposes, e.g. diagnostic, forecasting and ordinance 
services, to improve maintenance. Service providers make 
their services available via the IT infrastructure supplied by 
the platform owner and applies the business model that the 
latter has designed.
The service consumer – The service consumer is people or 
organisations that utilise services (applications) made available 
via the platform. The service consumer compensates for the 
use of the service according to the developed business model.

Such an architecture allows an open, flexible incentive- 
based structure within which individuals and organisations 
can create information services (Apps). At the same time, 
this architecture enables a centralised quality system that 
safeguards the processes between service consumers and 
service providers.

For more information:
n   ePilot Sub projects: 220, 248

4.13 Checkpoint: Data quality

Create mechanisms, preferably AI-based, to continuously 
measure and assess the quality of data to ensure the 
reliability accuracy and performance of analytics.

CONSIDERING THE QUALITY OF DATA is essential in any 
decision-making process and comprises aspects of transpar-
ency, accuracy, and reliability. Considering these aspects are 
important when designing and developing data acquisition 
and filtering services in Condition Based Maintenance 
(CBM). 

In the execution of ePilot sub projects, significant problems 
were identified related to deficient or unknown quality of 
input data. Providing a quality system is important to describe 
data quality measures of content (e.g. wheel profile data).  
Examples of data quality measurements are: measurement 
precision, calibration precision, consistency, integrity, com-
pleteness, frequency and traceability.

Figure 6. The conceptual model of a multi-tier eMaintenance solution (Karim, 2018).
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It is important to establish a quality system with regard to 
Service quality – describing quality measurements of services 
that process a content (e.g. service for delivery of wheel pro-
file data to a specific recipient). Examples of service quality 
measurements are: operational reliability, functional reliability, 
maintainability and  maintenance support.

4.14 Checkpoint: Crowdsourcing

Crowd sourcing can be used as a project competition 
methodology within innovation procurement, in order to 
better prepare for implementation.

CROWDSOURCING is a method of solving problems, or seeking 
suggestions for problem solving, with the help of many other 
stakeholders. There are several definitions including Pedersen 
et al. (2013) presenting the following definition “A collabo-
ration model enabled by people-centric web technologies to 
solve individual organisational, and societal problems using a 
dynamically formed crowd of interested people who respond 
to an open call for participation”. The concept entails a wider 
range of ideas, faster solutions to complex problems and often 
forms an economically favorable part of a project.

Three different methods have been used within ePilot to 
find new solutions to problems. One is open calls for inno-
vators to apply for funding and support for testing and ver-
ification. Another method has been to hold an open joint 
workshop where participants have jointly used brainstorm 
techniques to find low hanging fruit with simple solutions 
to current problems. A third method is crowdsourcing. 
This methodology has been aimed at suppliers who have 
existing solutions to a well-defined problem, which may 
have previously been applied in other areas. Priority issues 
in operation and maintenance, for which Trafikverket 
wishes to find a solution were identified. A workshop was 

conducted, to which a broad invitation is sent out, where 
crowdsourcing is used as a method to find solutions. Before 
the workshop, the invited people were informed what 
problem Trafikverket wants a solution to and is given the 
opportunity to prepare a pitch. Two winners were selected 
by experts from Trafikverket and the support within ePilot. 
The winning grant brings together at least three stakehold-
ers and together writes a project specification.

In innovation procurement, a procedure called project 
competition can be used. Crowd sourcing could very well 
be used as a methodology in innovation procurement and 
as a project competition. The criterion must then be that 
the jury is not aware of which suppliers are working on the 
assignment or which supplier has presented a certain con-
tribution. In an innovation competition, only one winning 
contribution may be selected.

For more information: 
n   ePilot Sub project: 243

4.15 Checkpoint: Cost-benefit analysis

To follow up on the benefits of collaborative projects, the 
goal must be clear from the start and defined at different 
levels depending on what you want to achieve jointly, it 
is important to distinguish the expected business value 
for different stakeholders in the projects and also social 
benefits.

SOCIO-ECONOMIC CALCULATION MODELS, multicriteria  
analyses and cost-benefit analyses are three methods used 
for the evaluation of complex contexts in community  
building. In recent years, multi-criteria analysis and 
cost-benefit analysis have been used in the environmental 
field, while socio-economic calculations have been used in  
the transport sector for a long time. In 2016-2018, a method  
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based on socio-economic calculus was prepared and tested 
for analysis of cost, benefit and effect against the set target 
image for six sub projects within ePilot. The method proved 
to work, but in order to be able to follow up on the benefits 
of collaborative projects, the set goals must be clear from 
the start and defined at different levels depending on what 
you want to achieve. It is also important to distinguish the 
expected business value for different stakeholders in the 
projects and social benefits.

The model includes the following basic steps:

1.   At the start of the project, clearly identify the goals, 
benefits and effects for each actor and the joint, 
business benefit and social benefit in the short and 
long term

2.   Identify any obstacles that may exist to achieve goals 
and benefits

3.   Create a stakeholder map
4.   Quantify costs and efforts
5.   Evaluate qualitative and quantitative benefits and 

effects
6.   Report project goals, benefits and effects on an stake-

holder map 
7.   Make an overall assessment of benefit potential and 

profitability 

Targets for the collaboration project and the stakeholder map 
with goals, benefits and effects shall be drawn up at the start 
of the project and followed up in the project report during 
the sub project and in the final report. As a complement 
to the follow-up of costs, benefits and effects, a follow-up 
(anonymous) survey can be made of how the collaboration 
project and collaboration between different actors works/ 
has worked. Follow-up during the sub project provides an 
opportunity for possible adjustment of implementation to 
achieve set goals, benefits and effects.

The stakeholder map is used to clearly show the stake-
holders, their costs/efforts, expected and achieved goals, 
benefits and effects. Each actor must understand before the 
start of the project what conditions each stakeholder agrees 
with, what goals the sub project will jointly achieve, what 
benefits and effects can be achieved. The recommendation 
is to clearly set requirements in the project specification at 
the start of a sub project to report and follow-up on the 
collaboration project’s goals, cost, benefit and effect. The 
follow-up should, as far as possible, be quantifiable. If   
qualitative assessment must be used, it must be clear, for 
example, be assessed with yes or no. In order to facilitate 
assessment of the utilisation potential in economic terms, 
the benefit in SEK million can be divided and reported in 
different profitability categories (SEK x-y million/year).

The benefits of the sub projects managed by ePilot lie 
in the results that have emerged, these are ready when the 
market is ready. They have also developed the industry, 
created collaboration, expanded their contact networks, 

some players have gained business benefit outside Trafikver-
kets´s sphere and gained an understanding of measuring the 
benefits in different ways and at different levels.

It is likely that traffic operators and contractors will 
progress with the digitalisation of the railway step-by-step, 
as it will be possible to prove deficiencies in the facilities 
through measurement, data collection and get a common 
picture together with the infrastructure manager.

For more information:
n   ePilot Sub project: 201

4.16 Checkpoint: Testbed Railway

 The testbed will facilitate continuous monitoring of railway 
infrastructure and rolling stock in real time using state of 
the art technology.

PREVIOUSLY, THERE WERE TEST ARENAS IN 2009-2013 
where things could be done quickly. Now this is done in 
Shift2Rail and demonstrations. There is an uncertainty on 
how to develop a European Testbed for Railway and then 
adapt it to Swedish conditions and specifically with local 
conditions such as the Iron Ore Line (Malmbanan). The  
organisations are unable to manage the knowledge that 
comes in, culturally and in processes.

The model on which ePilot is based on is very effective 
since tests of technologies are performed in reality with dif-
ferent stakeholders in collaboration. You have to work closer 
to the operational departments when you are within such 
a high TRL level. One should test on a smaller scale before 
launching and making a national effort. A methodology for 
testing and verification of new solutions that also prepare for 
any regulatory changes should be devised.

Testbed Railway is managed by JVTC in collaboration 
with Trafikverket. The testbed will facilitate continuous 
monitoring of railway infrastructure and rolling stock in real 
time using state of the art technology. The testbed which is 
equipped with state of the art measurement and communi-
cation technologies for measurement, monitoring and stor-
age of data is critical for researchers at JVTC with strategic 
focus to develop maintenance models, tools and method-
ology to facilitate correct and timely decisions ensuring 
effective and efficient maintenance processes solutions. 

Today, the testbed covers two main track-sections (around 
5 000 km railway), i.e. Iron Ore Line and Haparanda line. 
These two track-sections are instrumented so that both  
infrastructure and the rolling stocks can be monitored  
online and in real-time. The condition data is used for 
maintenance analytics, i.e. descriptive, diagnostics,  
prognostics and prescriptive maintenance.

For more information:
n   Jägare, V., Karim, R., Juntti, U., Söderholm, P. (2019). A 

framework for testbed concept in railway.
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4.17 Checkpoint: Funding

The investment in ePilot and eMaintenance should pay 
for itself in the form of increased capacity and better 
availability.

EPILOT HAD A TOTAL TURNOVER of SEK 59,6 million dur-
ing the project period 2013-2019. The industry and mainly 
Trafikverket has invested cash funds to stimulate the railway 
stakeholders to collaborate in ePilot. The cash investment 
increased up until 2016. The breaking point between in-
vested cash and in kind came during 2018 when the railway 
stakeholders started investing more time in kind into the 
various sub projects. According to the forecast, upshifting of 
invested funds for Trafikverket is expected to continuously 
increase if the investment in ePilot and the industry collab-
oration continues, see Figure 7.

Figure 7. ePilot turnover 

Figure 8. Distribution of funds within ePilot during the project period

The funding has been used for three main activities, see 
Figure 8.
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n   Sub project cash – refers to funds used for direct fund-
ing of sub projects (38 in total). 

n   Industry collaboration – refers to funds (in-kind) 
utilised for sub projects and activities that promote 
industry collaboration, such as process management 
and control, network creation, needs identification and 
creative models and approaches for consensus, collabo-
ration and cooperation.

n   ePilot Innovation platform – refers to funds (cash and 
in-kind) invested to create, coordinate and enable  
a testbed for the railway industry (called ‘Testbed  
Railway’). The idea of Testbed Railway is to provide a  
common platform for data, information and know-how  
among different stakeholders within the railway industry. 
Testbed Railway has been utilised by many ePilot sub 
projects and will contribute to the development of 
future projects.

Trafikverket can be seen as the organisation with the largest 
sector responsibility. Investing funds is an incentive for the 
stakeholders to drive the development within eMaintenance 
in the railway sector forward. The investment should pay for 
itself in the form of increased capacity and better availability. 
A requirement should be that other stakeholders will from 
now on also invest funds and not only contribute with time. 
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5.1 Luleå Railway Research Center (JVTC) 
LULEÅ RAILWAY RESEARCH CENTER (JVTC) is a non-profit  
research center within Luleå University of Technology 
(LTU) with focus on development of operation and main-
tenance within the railway sector. JVTC provides a platform 
for effective interdisciplinary collaborations between univer-
sities, companies and authorities. JVTC is a strategic center 
of excellence for the railway sector.

5.2 Research focus areas
TOWARDS 2030, the megatrends and stakeholder require-
ments will push the domain of railway knowledge into new 
areas. RDI activities need to reform, transform, conform 
and perform, to match new research findings, new emerging 
technologies and a modern management. The change must 
support a cost-effective fast implementation to boost new 
industrial applications. 

New technologies and new demands on management will 
need to accommodate a transformative and disruptive way of 
working with next generation on innovations. Future disrup-
tive technologies will be built on transformative technologies 
(predictive and prescriptive technologies), optimising  
technologies (predictive technologies), and supportive  
technologies (prescriptive technologies).

Next generation of engineers and PhDs must continue 
to develop their domain knowledge skills to manage the full 
railway operation and maintenance picture. Future railway 
personnel working in the area of operation and maintenance 
need good insights in infrastructure & rolling stock engineer-
ing technologies, regulations, procurement and its agreements, 
stake holder requirements, supportability, sustainability, safe 
and security. This is to avoid sub-optimisation in decision- 
making processes. 

Managing and operating railways is largely a maintenance 
issue, as the infrastructure and rolling stock are built for long 
life and bind large capital resources. Additionally, demands on 
increased comfort, punctuality, speed, axle loads and interop-
erability with sustained low environmental impact are added, 
and therefore increased awareness of maintenance implications 
(action-effect-cost) is significant from both a safety and an 
economic perspective. Deregulation leads to more stakehold-
ers, new procurement and contractual forms of maintenance 
contractors and maintenance workshops, which in turn lead 
to the development of new forms of information sharing on 
planning, implementation and follow-up in maintenance.

A fundamental prerequisite for efficient maintenance is 
that collaborative technical systems (rolling stock/track) 
require some form of integration and exchange in terms of 
safety, maintenance, availability, reliability, maintenance status, 
current technical status and maintenance limits. Today, only 
safety thresholds are exchanged and these are insufficient 
to create plannability, high operational quality and efficient 
maintenance with high availability and reliability of the col-
laborative systems. Maintenance with the right information 
exchange and integration, at the right time, in the right place 
creates more capacity.

5. Research for railway excellence
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In addition to new and better technical solutions, long-term 
management of the assets requires well thought out and 
thorough maintenance strategies, maintenance concepts and 
descriptions of how selected actions and their costs can be 
linked to the effect achieved on its performance. Concepts 
such as maintenance support and reliability are particularly  
important when the facilities are utilised close to their 
capacity limits. Other strategies can be to design and build 
for reduced maintenance, and build for more efficient train 
operation, such as designers and projectors participate more 
actively in the choice of design and technical solutions. New 
ways of designing regulatory systems that allow innovations 
with a sustained risk and safety level should be developed.

The need for the right information to make the right 
decision is linked to data of the right quality. Therefore, 
selection of measurement sensors and optimal placement of 
these, data retrieval, data storage and data history are of great 
importance. Long service life of the facilities and vehicles 
also requires long-term collection, structuring and storage, so 
that a good basis for analysis, prioritization and decision exist. 
Today, large amounts of data are collected that require models 
for automatic analysis and decision support. The condition 
data of the assets are important inputs in order to make dy-
namic and correct decisions.

The next step will be to make good prioritisation and 
selection principles so that the correct choice of mainte-
nance action can be made. There, socioeconomic insights are 
important for the correct selections of properly motivated 
maintenance. Other principles for selection are capacity 
building and punctuality increasing maintenance actions 
and operational safety measures. Maintenance methods that 
quickly restore the traffic mode and maintenance methods 
that are suitable for high asset utilization that are close to 
the capacity of the traffic are also important to choose. The 
RAMS4 concept (Reliability, Availability, Maintainability, 
Safety, Supportability, Sustainability and Security) will contin-
ue to be important concepts in maintenance for a long-term 
sustainable and capacity-adapted railway.

The societal demands on the old and new assets of the 
transport sector are constantly changing and evolving. 
Therefore, the current state of knowledge of systems and 
concurrent systems is important; in order to link to expected 
promised operational safety to the customer (society). Here 
it becomes important to know the current ability to deliver 
promised service to society, to constantly know about its 
maintenance ability, so that its operational ability becomes 
credible and quality assured for railway traffic (the customer/ 
society). Consequently, the introduction of successive  
allocation of track capacity will result in new and more 
flexible methods of condition monitoring, authorisation, 
e.g. with the help of automatic monitoring systems, must be 
developed and coupled to deliver high operational reliability. 
Here are, for example, important to develop “self-learning” 
maintenance that is quickly adapted and “triggers” planning 
for maintenance action before a safety alarm occurs. (JVTC, 
2019).
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A TOTAL OF 105 PROJECT IDEAS have been registered, 38 
of which were funded and completed. 

A brief description of ePilot sub projects follows below. 
For a more detailed description of each sub project,  
see publication ISBN 978-91-7790-548-6.

6.1 Sub project: 000 - Framework Project
THE FIRST COLLABORATIVE EPILOT was executed at track 
section 119 between Boden and Luleå during 2013 to 2016. 

The goal of ePilot 119 was to implement relevant 
research and development results in the railway transport 
system, thereby contributing to improved robustness and 
punctuality of the rail transport system as well as increased 
cost-effectiveness of its operation and maintenance by:

n   Create an industry-wide process-oriented approach
n   Create an industry-wide service-oriented IT infra-

structure that provides decision support based on state 
data

n   Provide informational material and disseminate results 
in operations, in Sweden and around the world

n   Provide educational materials and provide training 
opportunities within the rail industry in Sweden

n   By the end of the third year of the project, the results 
from at least two sub projects should be utilised in 
other parts of the rail sector 

The project’s steering group consisted of representatives 
from stakeholders in the railway industry: Trafikverket, Luleå 
tekniska universitet, SJ, Infranord, LKAB and Green Cargo.

Projects results:
n   21 completed sub projects (sub project number  

001-054) with corresponding project reports
n   6 newsletters
n   3 conferences
n   Final report on ePilot: A railway collaboration project 

ISBN 978-91-7583-798-7 printed
n   Home page

6.2 Sub project: 001 – Current state analysis
Participating stakeholders

n   Lernia
n   Luleå University of  Technology/Omicold
n   Trafikverket

Sub project summary
A current state analysis is included as a sub project in 
ePilot119, the objective of which is to implement research 
findings, enhance the conditions for exchanging mainte-
nance data among all stakeholders involved in operating 
the railway system and finding possible work routines for 
this. The objective is to describe the initial position so 
clearly that it can be used in other sub projects to measure 
improvements in operation and maintenance on the Luleå-
Boden line (track section 119) as well as supply a survey 

with key indicators, which can help measure changes in 
relation to the initial state . The description shall be so clear 
that it can be used as an “is-value”, i.e. be implemented as 
an initial value that is to be improved into a “should-value” 
(objective to be achieved) in future sub projects. 
The status analysis describes the initial position in both hard 
and soft parameters in order to document the conditions 
when the project began. The status has been summarised 
in a fact sheet for track section 119, the current version of 
which contains numerous gaps. The current state analysis  
confirms that the railway is a complex system both  
technically and organisation-wise. The system requires 
major technical system skills, which are currently divided 
up among several different “independent” commercial and 
non-commercial stakeholders, such as supervisory author-
ities, infrastructure managers, operators, suppliers, mainte-
nance workshops, consultant, maintenance contractors and 
research divisions. The stakeholders regulate cooperation via 
agreements and contracts that often lack objectives, incen-
tives and collaborative requirements.

6.3 Sub project: 003 – Trend analysis of 
wheel wear and tear
Participating stakeholders

n   eMaintenance365
n   Luleå University of  Technology
n   Trafikverket

Sub project summary
Using trend analysis of changes of the various wheel profile 
measurements, changes in the frequency of manual wheel 
profile inspections can be underpinned. Monitoring profiles 
gives operators and infrastructure owners better control of:

n   Wheel and rail degradation.
n   Optimize the profile by having better control of 

wheel returning?
n   Reduced wear on the wheel also less wear on the rail.
n   Identifying “wear-and-tear stretches”, i.e. stretches of 

track that cause greater wheel wear.

Wheel profile inspections are currently done manually. The 
objective of this project has been to evaluate whether this 
measurement can be done automatically using a wheel profile 
gauge and via IT support for subsequent management of 
measurement data collection of wheel profile readings that 
enable trend analysis of the speed of wear and degradation. 
The results of the tests done as part of the project have been 
based on historically collected wheel profile data, historically 
collected individual vehicle traceability data (individual vehi-
cle/wheel axle), and historical vehicle performance and vehi-
cle maintenance condition. The limited evaluations that have 
been possible due to the above, can show that trend analysis 
is perfectly possible to perform. “Report 1” contains the basic 
functionality required to identify and perform a trend analysis 
of optional wheel profile parameters.
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6.4 Sub project: 004 – Evaluation of  
condition-based maintenance based on 
force measurements

Participating stakeholders
n   Damill
n   Luleå University of  Technology/Omicold
n   Trafikverket

Sub project summary

Evaluation of condition-based maintenance based on force 
measurements is included as a sub project in ePilot119, 
the objective of which is to implement research findings, 
enhance the conditions for exchanging maintenance data 
among all stakeholders involved in operating the railway 
system and finding possible work routines for this. The sub 
project  shall evaluate and analyse why the stakeholders 
(LKAB, Green Cargo, SJ and SSAB) still have not used 
supplied data in their maintenance organisation. What are 
the obstacles and what changes (hard and soft) are needed 
before the supplied data is usable and the entire railway 
system can draw benefit from it? The objective of the 
project is  to identify and analyse why the stakeholders had 
not evaluated the demonstrator. Despite the availability and 
online condition of the demonstrator are good and the 
supplied information is deemed usable, the data is still not 
being used. This is due to: 

n   The choice of presumptive recipient who would 
evaluate the demonstrator has not always been the 
same as those who were responsible and could initiate 
inspection and maintenance initiatives.  

n   Inadequate implementation, no plan for how the 
demonstrator can be used and evaluated. 

n   Commercial agreements, between wagon owners, 
wagon renters, operators and maintenance companies, 
make it difficult to see the liability limits. 

n   Different business models for the maintenance. 
n   Division of responsibility; operators running the wag-

ons of other owners. 
n   The operator’s driving conditions with regard to 

where the vehicle has been driven linked to the 
condition of the track, weather conditions and who 
was driving. 

n   Lack of time due to slimmed-down organisations 
n   Stakeholders not persuaded of benefit of the demon-

strator by e.g. visualising cost savings, extended wheel 
life expectancy or greater quality and reliability. 

n   Too much data presented, requiring both know-how 
and a trained eye to find faults. 

n   No limits for alarm levels. 
n   Lack of analytical tools enabling e.g. degradation rate 

to be trended. 
n   Users must themselves actively visit the demonstrator 

and find information.

6.5 Sub project: 006 – STEG I

Participating stakeholders
n   Infranord
n   Luleå University of  Technology
n   Trafikverket

Sub project summary

The main task in this sub project is to investigate whether it 
is possible, with the help of STEG, to analyse real capacity 
utilization from a maintenance perspective. In other words, 
to investigate how much planned time reserved for track 
work is actually used. STEG was developed in a collabo-
ration between the Swedish National Rail Administration 
(1997) and Uppsala University. Since January 2010, STEG 
has been used in regular operations at traffic centres in 
Boden and Norrköping. The hypothesis is that, with the 
help of STEG, Trafikverket can obtain a quality-assured and 
overall picture of the real capacity utilisation rate in facili-
ties, which in turn can contribute to a more quality-assured 
capacity allocation process with regard to optimization 
between traffic and maintenance. The following conclusions 
and findings can be summarized after the completion of the 
sub project:

n   Using STEG, it is possible to monitor planned track 
work and feed the outcome back to those who have 
been involved during the capacity allocation process. 
In this way, those involved in the planning stage can 
improve their work and assure the long-term quality 
of the process. 

n   Instead of a theoretical value being put on the capac-
ity utilisation rate from a maintenance perspective, it 
is possible to obtain real values and feed them back to 
Trafikverket, as well as to maintenance contractors and 
railway companies.

n   The fact that the outcome is now stored for a longer 
period and a specific section of track supports 
research, development and improvement of the infra-
structure and its maintenance.

n   The project has reported a number of examples of 
possible presentation of the findings from the analysis 
of STEG-data.

ePilot sub projects
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6.6 Sub project: 008 – Running comfort

Participating stakeholders
n   Damill
n   Luleå University of  Technology
n   Trafikverket
n   SJ

Sub project summary

 To clarify that insufficient running comfort is caused by 
either the vehicle or the track, one of them needs to be 
excluded. One way of clarifying and obtaining a reading of 
the vehicle’s instability, is to measure the equivalent conicity. 
If this measure is regularly checked and a maintenance limit 
is assigned, it is possible to deal with the comfort-related 
(customer impact) to avoid insufficient running comfort, 
and where appropriate, individual vehicles can be exclud-
ed as the cause of insufficient running comfort and more 
underpinned fault reporting of track irregularities can take 
place. The project supplied answers to whether the conicity 
measurement method is suitable for the wheel profile meter, 
and whether it is possible to manage maintenance using 
this methodology. Equivalent conicity is a central concept 
among running dynamics experts. The measurement figure 
can, at least in theory, tell us about the running stability of 
a studied vehicle when it is brought into operation. This 
study reported the existing scope for automatically meas-
uring wheel profiles out on the track using the WheelView 
system, and using these wheel profiles calculate equivalent 
conicity for passing vehicles. The quality and availability of 
the measurement data will be important aspects of this.

The findings of the study indicated that the wheel profile 
detector WheelView in Sunderbyn seems to have managed 
to measure the profile height of most SJ vehicles, although 
the first axles of the train failed to be recorded. It is likely 
that the measuring station has problems with trains whose 
speed exceeds 70 km/h, for which it has been trimmed. 
When compared with Miniprof, the measurement accuracy 
at any point along the profile was about +0.6/-1.5mm 
while the precision is better, an estimated +/- 0.5mm.  
Precision refers here to the distribution of results at recurrent  
readings of the same profile and without the system being 
recalibrated. The concept of profile measuring includes the 
assessment of wear and tear over time for any point on the 
profile.

6.7 Sub project: 014 – Continuous  
condition information

Participating stakeholders
n   Damill
n   LKAB
n   Luleå University of  Technology
n   Sweco

Sub project summary

Damill AB has developed new measuring equipment that 
can supply continuous infrastructure condition informa-
tion. The equipment’s instruments that measure forces 
vertically and laterally are placed in a bag attached to the 
train seat through which the reading is to be taken. The 
bag then travels with the train on its regular route and 
measures the infrastructure along the way. This product 
is called a Track-Logger.  The aim of the project is to test 
Track-Logger and investigate what it can be used for, i.e. 
the faults and other irregularities it can detect.  The bag has 
been developed as part of another project and is not part 
of this project’s findings. The objective of the project is to 
be able to present successful continuous readings of the 
infrastructure using new measuring equipment within the 
set time-frame. “Successful” means that it is possible to draw 
conclusions on whether any changes have occurred on the 
track from the readings. Using the collected information, it 
should be possible to take preventive maintenance decisions. 
Readings using Track-Logger were taken between Novem-
ber 2014 and August 2015. After that, the analyses of the 
Track-Logger measurements were compared with existing 
information on the condition of the system. This existing 
information was retrieved from the Trafikverket systems: 
Bessy, 0felia and Optram.

In summary, Track-Logger has the potential to work as 
a continuous information source that could help increase 
preventive maintenance and thereby reduce emergency re-
medial maintenance and subsequent impact on third parties.

Further use of the measuring equipment could increase  
its usability by providing a knowledge bank of how Track- 
Logger detects (and does not detect) certain types of fault in 
the infrastructure.
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6.8 Sub project: 016 – Camera-based  
surveillance and condition control of 
switches and crossings

Participating stakeholders

n   Damill
n   Infranord
n   Trafikverket

Sub project summary

Switches and crossings (S&C) are a known cost driver for 
railway maintenance. They are very exposed to loads from 
both heavy freight trains and rapid passenger trains and are 
also difficult to access for service without impacting train 
services. About 20 % of all faults reported on Track section 
119 between 2008 and 2013 were caused by S&C, and 10 
% of these could not be traced back to the right S&C. The 
causes could not be determined in 50 % of cases. Instead, 
actual faults were reported as “impossible to define” or “no 
fault” and in 28 % of cases, the cause was “snow or ice”. 
This means that a large number of call-outs to repair S&C 
failures are unnecessary. By installing 4 cameras that can 
monitor and check S&C remotely, some of these call-outs 
can be avoided. The technology is made up of an online 
camera hung on the catenary suspension cable above the  
S&C, which can then supply pictures on request. The 
camera on the catenary suspension cable can be installed 
quickly and easily as no extra posts are needed and it has an 
excellent view of the S&C. The aim of the project has been 
to reduce the time needed for corrective maintenance and 
snow clearance of tracks by minimizing the number of un-
necessary call-outs and contributing to the right resources 
being employed when corrective maintenance is required 
and hence freeing up more capacity for trains on the track 
and reducing train delays. A more long-term objective is to 
develop camera surveillance so that it can also keep track 
of condition and the degradation rate for S&C in order to 
perform the right maintenance at the right time and cost.

6.9  Sub project: 028 – eMaintenance  
infrastructure 

Participating stakeholders
n   Damill
n   eMaintenance 365
n   LKAB
n   Luleå University of Technology

Sub project summary
The aim of the project is to create a consistent eMain-
tenance infrastructure to be used by other ePilot119 sub 
projects. The project will ultimately help to achieve the 
following overarching objectives of the ePilot119 project 
with the help of information and information technology 
for operation and maintenance. The platform will supply a 
“test arena” for services that are available 365 days a year, in 
an industrial environment.

The project will deliver a model for implementation 
of infrastructure for data, information and know-how ex-
change among railway stakeholders. This model can be used 
for future collaboration in the industry.
The project has supplied the following deliverables:

n   A model for implementation of infrastructure for data, 
information and know-how exchange among railway 
stakeholders.

n   Furthermore, the project will supply a cloud-based 
infrastructure that implements the above model for 
the development of eMaintenance solutions.

n   Initially, the infrastructure will be able to handle the 
exchange of data and information related to e.g. the 
measurement stations in Sävast and Sunderbyn.

n   The project will also supply a test platform (“training 
site”) for the testing of e.g. technology for collabora-
tion across the railway industry.

6.10 Sub project: 035 – InSAR 

Participating stakeholders
n   Sweco
n   Luleå University of  Technology
n   Trafikverket

Sub project summary
By putting together at least two scenes (satellite images) 
and studying the change between them, we can analyze the 
movements described below. The principles are very similar 
to those for traditional stereo photogrammetry. InSAR 
(differential Interferometric Synthetic Aperture Radar) can, 
in simpler terms, be described as satellite surveillance, where 
deformations in a large number of measuring points or 
measurement pixels across an area are measured by compar-
ing satellite readings of the same area, from different dates. 
In theory, the method has very good properties, with a 
vertical measurement accuracy down towards decimal-mil-
limetres and a high resolution horizontally, from square 
metres and down to square decimetres, depending on the 
precision of the satellite and number of readings over time. 
Older satellite readings give poorer data density but provide 
the greatest benefit as it is possible to go back in time and 
analyse historical data as far back as this type of satellite 
image of the area has existed, which in Sweden normally 
means back to the early 1990s. This makes it possible to 
have surveillance where the deformation across the whole 
area can be documented and not just at individual measur-
ing points. It also makes it possible to carry out supplemen-
tary surveys of the area where abnormal motion patterns are 
suspected. With an average price of iron ore of USD 56/ton 
(Q2-2016), every train is now worth nearly SEK 4 million. 
The price tag for one day’s mining is therefore close to SEK 
100 million just for iron-ore transportation. Alternative 
transport routes are shipping out via Luleå Docks, which 
can deal with between 80 and 160 000 tons if the docks are 
extended (Trafikverket, 2015).  Road transportation is not 
an option. 

ePilot sub projects
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6.11 Sub project: 036 – App for factsheets

Participating stakeholders
n   Luleå University of  Technology
n   Trafikverket

Sub project summary

The aim of the project is to supply the railway industry 
with ways of monitoring industry-wide key indicators. 
Examples of such key indicators are: a) traffic situations; b) 
track robustness and availability; c) vehicle robustness and 
availability; d) industry collaboration; and e) maintenance. 
The objective of the project is to develop a tool for the 
industry that enables so-called industry-wide key indicators 
to be monitored over time. The project’s strategy is to devel-
op a demonstrator, i.e. an App for the visualisation of key 
indicators (max 5) with history and the option of being able 
to click on links to learn more about the underlying infor-
mation. It should be possible to use this demonstrator to 
keep track of changes on Track section 119 over time. The 
visualization of key indicators could, for instance, be done 
hierarchically or in a matrix. In three of the asset types, the 
number of faults has decreased sharply from 2014 to 2015 
relative to other infrastructure types and years. These are: 
positioning systems; signals; signal boxes, RBC and automat-
ic blocking. Three factors regarding the availability indicator 
that should be taken into consideration are: possibility to 
break the indicator down to get closer to the causes of 
the indicator values; time-frame for calculation; and use 
of median, mean value and registered reset times when 
calculating. The choices made during software implementa-
tion can be updated later on based on experience from the 
application process. One property of the fault effect matrix, 
as it is applied in this study, is that it is affected by timetables 
and running time increments.

6.12 Sub project: 037 - Status analysis 
Nynäs line section

Participating stakeholders
n   Infranord
n   Luleå University of Technology
n   Trafikverket

Sub project summary

The objective is to describe the initial position in both hard 
and soft parameters, for the railway system on the line or 
track section where the project is started, and to develop 
proposals for a number of measurement figures to be used 
to measure and monitor results from future activities/sub 
projects in the ePilot Stockholm Syd (Stockholm South) 
project. 

The aim is to provide background material to the ePilot 
Stockholm Syd project so that the right improvement 
measures for the whole railway system can be chosen. The 
status analysis has been performed by two students in the 

LTU BSc Maintenance Engineering Programme. This status 
analysis describes the condition of Railway Line 19 - the 
Nynäs Track section (a 55-km stretch of railway between 
Stockholm and Nynäshamn. The report provides a thumb 
print of the current condition and the past five years by 
presenting compiled maintenance-related historical data, 
and reproducing information retrieved via interviews and 
discussions with various actors who are represented on the 
track section.

Trafikverket does not have a centralized maintenance sys-
tem, but several different ones. The maintenance contractor 
works in the Swedish Transport Administration systems. The 
train supplier, which also maintains the trains, has its own 
maintenance system. Transparency and cooperation have 
improved in recent times, partly because the stakeholders 
are in agreement on looking at things from a passenger per-
spective. The stakeholders explicitly say that they are positive 
to increased collaboration and want to have cooperation 
projects aimed at increasing data exchange; hence, getting 
more out of one’s own information by complementing it 
with someone else’s. It is a challenge to combine different 
data systems and get them to communicate with each other.

6.13 Sub project: 040 - HUGO

Participating stakeholders
n   Luleå University of  Technology
n   TracOptic
n   Trafikverket
n   eMaintenance365

Sub project summary

The aim of the project was to create better background 
material for decision-making and monitoring for the Main-
tenance Project Manager at Trafikverket and to ensure that 
the findings from the sub project can be used in undergrad-
uate and postgraduate education at LTU. This is being done 
by linking together TrackOptic services, developed in order 
to record the railway infrastructure from regular trains and 
recording train-drivers’ observations about the track, and 
eMaintenance365 cloud services that visualise and analyse 
the condition of the track and the vehicle, in order to be 
able to develop diagnoses and forecasts as decision basis that 
can regularly monitor how the state of the infrastructure 
and its surroundings are developing. The information is then 
used to visualize irregularities and notify those responsible 
at Trafikverket and those who perform track maintenance. 
In this way, the sub project is helping to make the infra-
structure more robust and contributing to safer and more 
effective track maintenance. 

TrackOptic’s application for train-drivers’ control panels 
are fitted with integrated buttons that train drivers can 
press to generate emergency reports, which specify the 
exact GPS position. The pre-reporting function is a service 
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whereby the driver complements emergency fault reports 
via his control panel in the driver’s cab. By pressing a button 
on the panel, the fault report is complemented with the 
GPS coordinates, recorded material and directions how to 
get there. This is a big help when it comes to localising and 
searching for injured wild animals, for instance. A test-run 
of the driver’s app in regular operations was required. The 
voice-recording function for non-critical measures was not 
tested in regular operations. This function is intended to be 
used for non-critical reporting, e.g. faults in the infrastruc-
ture that are not critical. Trafikverket currently does not 
have the resources and organisation to manage this function 
and focus was instead put on critical reporting.

6.14 Sub project: 042 – MeTra

Participating stakeholders
n   Luleå University of  Technology
n   eMaintenance365
n   Trafikverket

Sub project summary

Since 2005, a project has been ongoing within JVTC, aimed 
at providing decision support with the help of different 
types of condition data, so that preventive measures can 
be implemented in the railway industry before faults and 
disruptions occur. Taking a preventive approach instead 
of a corrective one, i.e. when fault and deficiencies occur, 
is a more cost-efficient way of conducting maintenance 
operations.

The sub project’s overarching objective is to create an 
innovative collaboration platform that enables the develop-
ment of business concepts for the railway industry’s various 
actors. The sub project will thereby ultimately contribute 
to the achievement of overarching objectives within the 
framework of JVTC and ePilot activities. This is to be 
achieved with the help of information and information 
technology for operation and maintenance.

One of the findings from the MeTra project was a report 
describing the commercial and technical advantages of 
eMaintenance solutions in the Swedish railway system and 
showing how mature the railway industry is when it comes 
to utilizing solutions like these. This report reflects this by 
describing the developed eMaintenance solutions for the 
project and by presenting the findings from interviews, ob-
servations and workshops, in which the industry’s maturity 
for these types of solution have been discussed.

The service platform developed within the framework 
of this project is built on a similar model as the one used 
in sub project 028. In this project as well, the platform has 
been implemented as a cloud service, with tougher require-
ments for operations as demands in this project are placed 

on the production environment. Regarding adaptation, it 
has been possible to utilize certain parts from 028 here as 
well, including components relating to the wheel profile 
gauge in Sunderbyn, which has also functioned as a data 
source in this project. 

6.15 Sub project: 044 – Speed restrictions 
after wheel impact II

Participating stakeholders
n   Damill
n   eMaintenance365
n   Green Cargo
n   SJ
n   Luleå University of  Technology
n   Trafikverket

Sub project summary

Current speed restrictions in the event of high-level alerts 
from Trafikverkets wheel damage detectors need to be an-
alysed. The connection between the type of damage, force, 
size and ambient temperature currently forms the basis 
for speed reductions that apply after a high-level alert. The 
work shall be limited to Class Rc locomotives and their 
speed dependence as regards the power generated from 
wheel faults and detected by Trafikverkets wheel impact de-
tector. Special focus is put on the speed interval of 50 km/h 
up to a top speed of 160 km/h. Operators and Trafikverket 
wish to have background material for forthcoming stand-
ards and regulations that describes measures to be taken 
when an alert is triggered. Is it worth reducing the speed 
by 20 km/h under  allowed maximum speed or is such a 
measure meaningless? Rc locomotives normally operate at 
90-160 km/h.

The most important conclusion from the study is that a 
speed dependence for impact forces due to flat spots could 
not be identified in the speed range used, which is in line 
with findings from other recent studies. These have shown 
a weak dependence or, in some cases, negative dependence 
on speed. The unique aspect of this study is the use of re-
alistically worn locomotive wheels in the estimation of the 
length of the actual damage based on measurements of the 
wheels’ lateral position when passing a detector. The litera-
ture study performed did, however, find an earlier study by 
Trafikverket which indicated speed dependence for distort-
ed (non-circular) wheels. It should be pointed out that the 
number of data points available was too small in Trafikver-
ket’s study for the findings to be seen as statistically reliable. 
This was the consequence of the limitations mentioned 
above. The report indicated a future need to examine speed 
dependence in more detail and then to give the necessary 
know-how for the adaptation of practice, norms and rules 
for speed reduction.

ePilot sub projects



43

6.16 Sub project: 045 – ReRail

Participating stakeholders
n   Luleå University of  Technology
n   ReRail
n   Trafikverket

Sub project summary

The objectives of the sub project are to ensure that ReRail 
is installed on tracks, to compile a testing and inspection 
plan in order to monitor and document ReRail’s properties 
during the trial period, and to carry out the extraordinary 
inspections/controls during the first six months of the trial 
period. 

The findings can be used as a basis for future validation 
and EU labelling of ReRail and a new rail product, which 
is the railway industry’s equivalent of CE labelling.

Final delivery is a new rail product that replaces 10 mm 
of the railhead with a boron steel cap. The innovation  
means that an old rail with a damaged railhead can be 
reused, radically reducing carbon dioxide emissions as 
new rails do not need to be produced. The material in the 
cap has much better material properties than a standard 
rail, which requires less grinding and lubrication. The rail 
product also reduces the risk of derailment as the cap or rail 
core continue to keep the rail together in the event of a rail 
fracture on the cap or the core.  

The main value for stakeholder is that ReRail enables 
rapid and practical application to modify and reuse “worn-
out rail” and avoid replacement. The ReRail rail product 
reduces the need for rails, providing both environmental 
and financial benefits. Calculations show that maintenance 
costs can be halved and rail life expectancy can be extended. 
In this sub project, the final delivery is: 

n   Installation of ReRail on Track section 21 in Luleå as 
an 8 m long pass-rail 

n   Establishment of testing and inspection plan, and 
n   Extra inspection during the first six months of the 

trial period 

6.17 Sub project: 047 – State-of-the-art 
measurement equipment

Participating stakeholders
n   Luleå University of  Technology
n   Sweco
n   Trafikverket

Sub project summary

The project aims to describe feasible technology (measur-
ment equipment) and its capabilities to measure and assess 
the condition of vehicles and track, but also monitor unde-

sirable events, such as animals on the track. The objective is 
to deliver State-of-the-Art that can be used when choosing 
measuring equipment that provides cost-benefit effects by 
monitoring the condition of operationally sensitive railway 
systems and components. State-of-the-Art shall also identify 
criteria for the selection of future surveillance systems.

Condition-monitoring detectors are presented. The first 
part presents the detector system that is currently in use in 
Trafikverket infrastructure systems. The next part presents 
state-of-the-art measuring equipment that is available on 
the international market.

6.18 Sub project:  
049 – Cost-benefit analysis

Participating stakeholders
n   Luleå University of  Technology
n   Trafikverket
n   Tyréns

Sub project summary

The aim of the project is to evaluate a number of com-
pleted sub projects within ePilot and highlight opportu-
nities, difficulties and uncertainties in order to provide an 
estimation of the cost-benefit effect. Assessments should be 
made of the benefit potential of ePilot. If possible make an 
overall profitability assessment for the evaluated project in 
the categories: very profitable, probably profitable, uncertain 
and unprofitable.

The project will help to describe any benefits to society 
and business. The ultimate question is whether ePilot119 
sub projects have generated benefit that justifies their cost. 

Testing research and development findings in live oper-
ations demands thorough planning and a common vision 
among actors at start-up. Three sub projects were evaluated 
to see whether expectations at project start-up had been 
fulfilled upon project completion. One of the key success 
factors has been a common understanding for each other’s 
roles and problems, which can be used to develop common 
solutions. During interviews and a review of final reports, 
it was constantly stressed that collaboration towards a 
common objective was the greatest success factor. Attitude 
and behaviour were therefore important factors during im-
plementation. Benefits and effects in qualitative terms could 
be assessed with the help of the specifications, reports and 
interviews from the various sub projects. In order to be able 
to evaluate the benefit potential in quantitative economic 
terms and make a profitability assessment, a simple mail 
survey was carried out.
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6.19 Sub project: 050 – Inspection of track 
fasteners

Participating stakeholders
n   Bombardier
n   Luleå University of  Technology
n   Trafikverket

Sub project summary

Missing track fasteners are currently detected and registered 
manually in visual inspections. These inspections require 
the fasteners to be visible, which is not always the case 
particularly in winter. The aim of this project is to automate 
the detection of missing rail fasteners, with the help of a 
system based on measurements of magnetic fields, so that 
more time-consuming visual inspections can be replaced by 
more continuous measurements. The intended system for 
detection of fasteners is based on a product (Lindometer) 
previously developed by Bombardier for measuring train 
speed, but in this project shall be used to detect missing 
fasteners. The project includes the construction of a suitable 
test track section in the field and construction of a trolley 
for the measuring system. In the project, different types of 
defect related to fasteners and rails shall be analysed with 
the help of the proposed measuring system. 

Building the test facility required expert knowledge 
within the field of railway construction. As these skills are 
very much in demand in operations, it was impossible to 
keep to the time-plan.

Greater skills and knowledge in the measurement of  
eddy current for railway applications have been obtained 
and greater knowledge of how magnetic fields vary for  
different types of fastener. The cooperation between LTU 
and Infranord worked extremely well, and staff from Infra-
nord helped in designing the test facility. Trafikverkets staff 
also played a significant role in localizing the right type of 
component for the test platform. 

As this was a relatively small project with a limited num-
ber of stages, its management has functioned smoothly in a 
spirit of mutual understanding. The operative work has been 
done in smaller groups to resolve each part of project. All 
participants have demonstrated a commitment and willing-
ness to reach the project objectives. 

6.20 Sub project: 051  
– ePilot implementation model

Participating stakeholders
n   Luleå University of Technology
n   eMaintenance365
n   SJ
n   Trafikverket

Sub project summary

Further industry-wide effort is needed to launch a number 
of prototypes/demonstrators for the testing and further 

development of quality-assured decision support that 
optimizes operational and maintenance initiatives across the 
railway system. This also includes initiating a project to de-
velop an implementation model. The specification describes 
Step 1 of this project including a vision and objectives. Step 
1 will also deliver a project specification for Step 2, with 
proposals for how the future implementation of ePilot sub 
project findings shall be performed after ePilot119 has been 
completed. The specification has also identified potential 
stakeholders and proposed a project organisation.

As part of this work, a case study has been carried out 
within ePilot sub project 051. The case study has identi-
fied and analysed a number of influential factors. Based 
on the findings of the study performed, we can draw the 
conclusion that the development and operation of the 
demonstrator can be one of the most important ways of 
commercialising research findings. Furthermore, we can 
draw the conclusion that for innovations from ePilot119 
that are to be implemented on a deregulated market, it is 
important to monitor and analyze the development of the 
project, to identify not only the technical system’s benefits 
and drawbacks, but also possible organisational, financial 
and contractual obstacles to introducing and implementing 
innovative products, processes and systems in order to learn 
from and avoid them.

As regards to the next step in this research, a framework 
aimed at supporting cooperation and innovation processes 
in connection with a complicated technical system (i.e. the 
railway) will be developed. The framework is expected to 
facilitate risk management in connection with identifying 
factors described in previous sections. 

6.21 Sub project: 053 – Switches and 
crossing heating inspection

Participating stakeholders
n   CombiTech
n   Luleå University of  Technology
n   Trafikverket

Sub project summary

The intention of the sub project is to systematically assess 
the condition of, and thereby evaluate, heat transfer func-
tionality, from heating elements to S&C, with the help of 
field observations from train vehicles and manual, way-side 
inspection. The purpose is to create information material 
for alerts signalling a greater risk of inadequate heating 
function in S&C.

More reliable S&C heating leads to reduced energy 
consumption, better spare part management and guarantee 
follow-up, fewer stoppages and better punctuality.  These 
might lead to reduced costs for contractors, manufacturers 
and train operators as well as Trafikverket.

The findings show that it is possible to determine 
whether heating elements are functioning. About 40 % 
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of the S&C that were examined and expected to be fully 
functional prior to the season, turned out to have defective 
heating elements. The rails should be heated to a temper-
ature of about 10 degrees Celsius to effectively thaw out 
any snow or ice. Heating elements provide slightly different 
rail temperatures depending on how close they are to the 
rails. Old heating elements tend to bend slightly, probably 
as a result of repeated heat expansion cycles, between the 
fasteners, leading to a lack of contact with the rails. This in 
turn leads to poorer heat emission from the element to the 
rail and a lower temperature in the rail. New, correctly in-
stalled heating elements provide very good heat conduction 
to the rails that will therefore maintain a high temperature. 
Simulated vehicle-mounted equipment also showed that it 
could be possible to assess the heat condition of S&C from 
a service vehicle.

6.22 Sub project: 054 – GIS-based risk 
inventory of railway lines

Participating stakeholders
n   Luleå University of  Technology
n   Trafikverket
n   eMaintenance365

Sub project summary

The aim is to develop a GIS-based solution in order to car-
ry out an inventory on railway lines with regard to risks in 
the vicinity of the track. The solution shall be demonstrated 
on lines listed in the Trafikverket Network Statement (JNB) 
and risk being subject to speed restrictions. It should be 
possible to use the findings as a basis for the development of 
rail fracture and derailment risk assessment applied on Track 
sections 124, 814 and 815.

The objective of the sub project is to develop and imple-
ment a GIS-based solution for the risk inventory of railway 
lines. Trafikverket and other stakeholders will be able to use 
the solution when making planning, maintenance, reinvest-
ment and investment decisions, for instance.

The final product is a GIS-solution for the inventory of 
track vicinity with regard to objects that may cause derail-
ment and a memorandum that describes the solution. The 
solution enables an efficient and appropriate inventory of 
railway lines with regard to objects that may cause derail-
ment. Trafikverket and other stakeholders will be able to use 
the solution when making planning, maintenance, reinvest-
ment and investment decisions. The new risk assessment 
working method considers not just the probability of de-
railment (based, for example, on the infrastructure system’s 
condition and traffic load) but also the vicinity of the track, 
including the consequences in the event of a derailment. 
This provides a more relevant risk assessment (probability 
and consequence) for prioritizing infrastructure measures.

6.23 Sub project: 200 – Framework Project

THE SECOND COLLABORATIVE PROJECt ePilot 2.0 had a 
national focus and was active 2017 to 2019. 
Results from ePilot 2.0:

n   51 identified suggestions for improvements
n   17 completed sub projects (sub project number 201-

250) with associated project reports
n   A total of 43 different stakeholders in sub projects
n   Provided a test platform and methodology for devel-

opment and collaboration in the industry
n   Further developed a national cloud service capable of 

exchanging of data with / in the industry
n   Created knowledge of business models, agreements 

and rules
n   3 conferences
n   6 newsletters
n   High TRL levels give short lead time for application
n   The industry has implemented solutions

The project’s steering group consisted of representatives 
from stakeholders in the railway industry: Trafikverket, 
Luleå tekniska universitet, SJ, Infranord, LKAB, Green 
Cargo and ASTOC.

6.24 Sub project: 201 – Collaboration, 
Innovation, Implementation, Agreements, 
and Business Model Models

Participating stakeholders
n   Luleå University of  Technology
n   Trafikverket
n   Sweco
n   Tyréns
n   Omicold

Sub project summary

The objective of the sub project is to create a knowledge 
platform that enables digitalisation of maintenance, im-
plementation of innovations, improved working methods 
in the rail system and a model for monitoring costs and 
benefits in a competitive and partly public railway industry. 
The sub project has five different sub deliveries regarding 
collaboration, implementation, contract, business and cost / 
utility models.

An overall summary is that the Swedish railway industry 
is generally at an immature stage, to begin the journey to 
digitalise and use eMaintenance.

Collaboration models exist, but they are not applied to 
any great extent outside ePilot, although there is a great 
desire for this in the industry. This is due to the absence 
of common goals and incentives. The industry needs to 
practice more and hence there is a continuing need for 
a collaboration platform where further development and 
knowledge building takes place.
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Demonstrators are important instruments in the imple-
mentation of research results and can be one of the most 
important ways to implement and commercialize research 
results. It should be possible to carry out tests in mainte-
nance contracts, it is important in the railway industry to 
get incentives that create a win-win situation for the railway 
stakeholders, that you consider how the regulations are 
affected / can be changed, and that you create space for 
this in maintenance contracts. A successful implementation 
depends on whether there is a general understanding of the 
implementation process, that is, if there is knowledge about 
what is required for a successful implementation of an inno-
vation, the chance is much greater that one will succeed.

The railway is experiencing a major technological 
transformation, which is due to the improved utilisation of 
digital technology. This technological transformation affects 
not only the technical systems, that is railway infrastructure 
and rolling stock, but also regulations, organisations, process-
es and individuals. An important success factor for technol-
ogy transformation is the ability to have a comprehensive 
strategy for change management.

The types of agreements used, facilitates and clarifies re-
sponsibilities and commitments and do not constitute a real 
barrier to collaboration, but need to be reworked to some 
extent to get incentives for data sharing as well as changes 
in procurement and compensation forms where you can 
share responsibility and share risk together and jointly 
control costs.

Business models cannot be determined or chosen by the 
stakeholders, as it is something that is emerging from the 
market depending on the obstacles, incentives and needs 
that exist. Customers, on the other hand, can control digital 
development by adapting regulations so that they do not 
create obstacles, but also work to create incentives and 
increase the availability of non-security classified data.

The method developed within ePilot to evaluate cost/ 
benefit works, but in order to be able to follow up on the 
benefits of collaboration projects, the goals must be clear 
from the start and defined at different levels depending 
on what you want to achieve jointly. It is important to 
distinguish between expected business benefits for various 
stakeholders in the projects and social benefits.

For Trafikverket to have real benefit from ePilot’s results 
for the infrastructure there must be prerequisites for im-
plementation. The benefits are at the present mainly on the 
vehicle side, but for infrastructure, the ePilot’s innovations 
are not used and society will not benefit to a large extent.

The benefits of the sub projects managed by ePilot lie 
in the research results that have emerged, these are ready 
when the market is ready. The ePilot have also developed 
the industry, created collaboration, expanded the contact 
networks, some stakeholders have gained business benefits 
outside Trafikverket´s sphere and gained an understanding 
of measuring the benefits in different ways and at different 
levels.

6.25 Sub project: 202 – Implementation of 
digital collaboration of wheel-rail on the 
track section Uppsala-Sundsvall-Umeå

Participating stakeholders
n   Infranord
n   Norrtåg
n   Luleå University of  Technology
n   eMaintenance365
n   Outflight
n   SJ
n   Trafikverket
n   Xlent

Sub project summary

The background to this project is mainly experience from 
ePilot119 where a sub project developed a solution for 
condition based wheel maintenance, based on Trafikverkets’s 
detector data from  the wheel profile and the wheel impact 
detector in Sunderbyn and the operator’s maintenance data. 
Experience from, among other things, the ePilot119 showed 
that in addition to the technology itself, it is also necessary 
to manage business relations between stakeholders and also 
existing regulations in order to succeed in implementing 
the solutions. Thus, the sub project “Implementation of 
digital collaboration of wheel-rail on the track section 
Uppsala-Sundsvall-Umeå” started within ePilot2.0. The 
route was selected based on reports from the TTT initiative 
(Together for Trains in Time) which has identified the East 
Coast line as a priority route (together with the Western 
and Southern Main Line). The goal of the sub project was 
to implement the developed wheel rail solution from ePilot 
119 on the designated route. Implementation covers the 
three parts: 1) decision support and technical solution, 2) 
business models and forms of contract and 3) proposals for 
regulatory changes.  

The overall research strategy was a case study on the 
specified route, involving active stakeholders to the railway 
system. The critical technical interface focused on, was 
between wheel and rail, while the interfaces between the 
catenary and the pantograph  and signalling systems on 
vehicles and infrastructure were not taken into account. The 
reason for this demarcation was to build on the solution de-
veloped within ePilot119. Quantitative data were collected 
through Trafikverket´s detectors and participating operators’ 
maintenance and vehicle data systems. Qualitative data were 
collected through, among other things, document studies, 
observations, interviews and workshops. Linked to business 
models and agreements, benchmarking was also carried 
out between Trafikverket and SL regarding maintenance 
procurement. In parallel, literature studies were also carried 
out to obtain additional information. Quantitative data 
were co-analysed using, among other things, Kalman filters 
to predict the need for future wheel maintenance from 
the operator’s perspective. Qualitative data were analysed 
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based on theories related to business models and innovation 
with a focus on the relationship between Trafikverket and 
the contractor. In regards to regulations, collected qualita-
tive data were analysed based on the structure of existing 
infrastructure maintenance regulations divided into the 
stakeholders involved and whether it supported or hindered 
implementation.  

The sub project results can be divided into three parts:  
n   Tested and validated technical solution implemented as 

a cloud service for predicting and presentation of the 
condition on wheels adapted to the two participating 
operators.  

n   A description of the business relationship between 
Trafikverket and the contractor, but also to the owner 
of sensor data, to create incentives for preventive 
maintenance. A restraining of some aspects of access to 
sensor data and suggestions for a checklist to support 
maintenance procurement.  

n   Proposal for regulatory changes regarding maintenance 
of track, with a focus on regulations within the respon-
sibility of  Trafikverket.  

The implementation on the Uppsala-Sundsvall-Umeå 
route showed a number of experiences that are worth men-
tioning. The number and type of detectors are crucial for 
the ability to implement good decision support for vehicle 
maintenance. On track section 119 (Boden-Luleå) there is 
a relatively large number of detectors, while the East Coast 
line has few detectors and mainly hot-boxp detectors. If the 
detectors are to be used for more preventive maintenance 
purposes and not only prevent safety risks or damage to the 
infrastructure, the number, type and location of detectors 
should be reviewed. As regards to on-board measurement 
of the infrastructure, it is necessary to take into account the 
type of vehicle operating on the route, as they have different 
opportunities to record infrastructure-related characteristics. 
If the infrastructure maintenance framework is adapted to 
the possibility of allowing measurement equipment carried 
by scheduled vehicles, alternative solutions should be avail-
able in cases where some vehicles lack built-in necessary 
sensor technology.   

As far as business models and contracts are concerned, 
the entire chain from sensor to decision should be handled. 
This means that Trafikverket´s transport agreement with 
the operators and basic contracts with contractors should 
be adapted to the opportunities offered by new sensor 
technology. Additional actors are also likely to be added, 
such as the European Union, to analysis and cloud services, 
which must also be regulated by contracts. Since the 
agreements are based on existing regulations, the working 
methods of regulatory management must also be adapted 
to take account of innovative technologies effectively, while 
requiring, for example, the use of regulatory authorities. 
The design and content of the agreements are also essential 
in the implementation of collaborative projects where the 

participation and contributions of all constituent stakehold-
ers are necessary to achieve common objectives. In order 
to obtain a broader implementation, similar sub projects on 
the sections East Coast Line (Västra stambanan) and South 
Coast line(Södra stambanan) are proposed, in accordance 
with TTT. 

In addition, working methods and tools that support 
dynamic regulatory management need to be implemented 
in order to take advantage of the opportunities offered by 
increased digitalisation. Such a way of working must also be 
able to deal with safety and information security require-
ments.    

6.26 Sub project: 204 – State analysis 
Uppsala-Sundsvall-Umeå

Participating stakeholders
n   Luleå University of  Technology
n   Trafikverket
n   Omicold

Sub project summary

This current  situation  analysis describes the current 
situation on the Uppsala – Umeå route. The report presents 
an overview of the current situation and developments in 
recent years, the aggregated result is mainly based on data 
supplied by Trafikverket and information obtained through 
interviews and conversations with various actors available 
and represented on the track.  

The 640 o km route includes 10 track sections and a 
variety of stakeholders, three different passenger traffic 
buyers, three maintenance areas and several different traffic 
operators and maintenance companies.  

All actors who participated in interviews agree that 
the project objectives in ePilot correspond to the goals 
they want to achieve. They also agree that there is scope 
for improvements on the maintenance side and that these 
improvements are needed if the project objectives are to be 
achieved.  

Stakeholders call for greater collaboration, better commu-
nication and feedback and improved flow of information, 
i.e. the right information in a timely manner to the right 
party. Several of those who participated in interviews men-
tion that documentation is substandard and in some cases 
completely missed, it is felt that things have deteriorated 
over the years. 

Faced with analysis of hard data on track, train, malfunc-
tions, etc. the collection of data has been perceived as both 
complicated and difficult. Most of the information or input 
analysed in the report has been delivered by Trafikverket in 
the form of Excel files collected from each system. Several 
different systems are being used that require skills to obtain 
reliable information, combined with the fact that the order 
has been made during the summer when many analysts 
have gone on holiday has resulted in waiting times and 
difficulties in controlling reliability of data.  
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Another major problem is that one is generally very  
restrictive with what information you share, this applies to 
both Trafikverket and the other stakeholders on the route. 
This problem can be attributed to the current competitive 
release, the profit-making operators on the route would 
probably not like to share their shortcomings and weakness-
es, nor the development of maintenance technologies that 
can benefit competitors. 

The problems varies between different section parts. The 
long railway line has limited the possibilities for deeper 
analysis of the uncovered problems on each section, and it 
is very difficult to say what problems should be prioritised 
without further examination.  The total additional delay 
on the route is largely caused by isolated events (ERTMS, 
switches, contact lines and accidents), and that the total is 
reflected by errors caused by infrastructure and accidents.  

Most operational disruptions to the infrastructure are 
caused by switches and crossings (turnouts, points), where 
the fault disappeared, level crossings road railway, inter-
locking, signals, positioning systems and tracks.  On the 
infrastructure causing the most repair time are catenary, 
track quality,  traincontrole systems, interlocking and signals. 
Response time is an average of 10 hours and includes time  
for reparing of derailments. The cancellation time is contract- 
driven and varies between 2 to 4 hours (according to inter-
view response).

The total number of errors that occurred annually reflects 
the repair and setup times and varies between years, for 
example, it can be assumed that there were more serious/
major errors in 2012 than it did in the other years. In terms 
of the number, switches are recurring, by far the biggest 
problem area.  

The Mean time to repair (MTTR) and Mean down time 
(MDT), are averaging 14 hours and have a relatively even 
distribution over the years, except that both MTTR and 
MDT dropped markedly until 2013 and have since gone up 
about 3 hours.  

For maintenance of both vehicles and infrastructure, it 
is stated that the proportion of corrective maintenance can 
sometimes be up to 50 % of total maintenance.  There is 
great potential to improve maintenance through collab-
oration, but in order to achieve this, communication and 
ensuring an open dialogue must be improved, and small 
steps and set concrete goals.  

The final chapter describes a concrete example of how 
the type of current situation  analysis presented by this 
report can be used to reduce the number of operationally 
impacted deviations in order to increase the reliability of 
a technical system. The ERTMS project has developed a 
process to assess, evaluate and improve reliability during 
product development. Data from the operational follow-up 
are analysed and the categories of errors most in need 

of improvement are selected. The approach of ERTMS 
projects provides concrete examples of how operational 
monitoring through analysis of operational data can help to 
improve a system’s reliability, with good results.  

6.27 Sub project: 213 - Implementation of 
condition monitoring for the infrastructure 
for track section Kiruna-Narvik

Participating stakeholders
n   BaneNOR
n   Damill
n   LKAB
n   Norut
n   Luleå University of  Technology
n   SJ
n   Trafikverket

Sub project summary

The sub project “ePilot 213 - Implementation of condition 
monitoring for the infrastructure for track section Kiruna- 
Narvik (IMPKiNa)” has aimed to test and evaluate a mobile 
measuring equipment on the Riksgränsen-Narvik railway 
line.

In the sub project, measurements of Ofotbanen’s super-
structure were carried out with the mobile measurement 
equipment Track-Logger. The Track-Logger has been 
mounted on a wagon in one of LKAB’s iron ore trains that 
have been traveling on the Kiruna - Narvik route. The 
measurements were carried out in the period 02.05.2019 - 
23.10.2019. There are measurement data from just over 100 
individual trips during this period.

Measurement data from 15 single trips between 
30.09.2019 - 23.10.2019, for a selected track section be-
tween Søsterbekk and Haugfjell, have been analysed in this 
sub project and have been compared with data from Ban-
Nors conventional the measurment vehicle  ROGER 1000.

The sub project has shown that the Track-Logger 
provides both consistent and repeatable measurements of 
parameters such aswarping, vertical geometry/cant and 
corrugated rail heads. It is thus concluded that the system 
has generated very promising results.

A mobile equipment such as Track-Logger, in the sub 
project’s estimation, has considerable potential and could 
be a good complement to ordinary measuring vehicle runs. 
It is also considered that in the long term a Track-Logger 
mobile measuring equipment can contribute to a more 
cost-effective maintenance of the railway. However, there 
are certain challenges with meter reading as well as being 
able to measure long track errors due to the low speed of 
train equipment operating on the Ofotbanen.
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6.28 Sub project: 214 - Implementation of 
condition monitoring of infrastructure

Participating stakeholders
n   Damill 
n   D-Rail 
n   eMaintenance365 
n   Infranord 
n   Luleå University of  Technology 
n   Norrtåg 
n   Omicold 
n   SJ 
n   Trafikverket 
n   Tågkompaniet 

Sub project summary 

In this sub project, methods for condition monitoring of 
infrastructure from regular train services have been demon-
strated and compared to see whether monitoring systems 
can provide more frequent monitoring, faster receipts that 
conducted maintenance action has given results, detect 
damage due to sudden events, and provide continuous 
information on the development, which facilitates planning. 
The mobile systems demonstrated are:

n   Damill’s Track-Logger installed in SJ’s night train to 
North Sweden

n   D-Rail’s D-Rail system installed in Tågkompaniets 
passenger trains

n   Perpetuum installed in SJ’s X2000 train. 

As a reference, mainly Trafikverket’s maintenance system 
have been applied, such as: Bessy (inspection system), Ophe-
lia (fault handling system) and Optram (measuring car data). 

eMaintenace365 has built up an infrastructure and a  
tool for retrieval, storage, quality assurance, analysis and 
visualisation that enables the comparison with Trafikverket´s 
systems. The project has not made its own comparisons of 
measurement results from the mobile measurement systems 
towards Trafikverket’s systems, but this has been carried out 
by the respective measurement supplier by using eMainte-
nance365 analysis tools or proprietary analysis method. The 
sub project allows for a practical application of developed 
solution for condition assessment of track superstructure. 

This solution is expected to contribute to:

n   Increased cost-effectiveness in operation and mainte-
nance for both infrastructure and rolling stock through 
more condition based maintenance 

n   Improved reliability through better functional safety, 
maintenance reliability and maintenance safety 

n   Increased availability and robustness through reduced 
disruption, fewer acute errors and more efficient trou-
bleshooting 

n   Increased capacity through increased availability and 
robustness and improved availability

n   Better resource utilisation 

Assessed benefit consists of: 
n   Free capacity in tracks, i.e. more freight and passenger 

trains can be admitted to the track 
n   Measuring in loaded tracks i.e. in the field of goods and 

passenger trains control the actual operating conditions 
n   Faster control of the effect of the operation carried out 

and the permanent operation 
n   Faster increase of the speed after stability-impacting 

work 
n   Reduce the cost of the currently very expensive man-

ual inspection and instead inspect more carefully via 
sensor indication 

n   Stock all information per position to see related, conse-
quential errors, recurring errors, driver comments and 
cost follow-up

n   Inspection personnel  can be better used in preventive 
maintenance 

n   Give earlier warning about misdevelopment that 
enables better planning conditions for carrying out 
maintenance after inspection 

n   Detecting damage in time and preventing accidents 
n   Be a tool for transitioning from corrective to preventive 

maintenance. 

With sensor monitoring on passing trains, a significantly 
better monitoring of changes and in the case of indications 
that can be supplemented by a manual inspection immedi-
ately to determine the cause and appropriate action. Being 
able to follow developments and to plan and act on time 
provides the conditions for a more proactive maintenance 
strategy that converts corrective maintenance into preven-
tive condition-based maintenance.  

Mobile measurement systems have shown great potential 
to apply more frequent condition monitoring of rail infra-
structure from regular services.  However, further develop-
ment work is needed and several of the subsystems will be 
used in other sub projects. 

In all projects, it is important that indications and alarms 
generated by the on-board systems can be verified by per-
sonnel in the infrastructure in addition to triangulation via 
multiple databases. However, in order to achieve a broader 
implementation in day-to-day operations, longer-term busi-
ness deals between stakeholders need to be established and 
methods for innovation procurement developed. 

A major goal for the railway today is to reduce all 
emergency errors that cause many train disruptions. The 
sub project has demonstrated the possibility of providing 
significantly better decision-making documents for appro-
priate measures through frequent and effective monitoring 
with new sensor technology. This measurement data should 
clearly prevent acute errors more effectively and also be able 
to carry out more preventive maintenance with the most 
cost-effective and lasting measures by gradually building 
an experience bank. The results should be complemented 
by all available information per position and, in addition, 
communicated and enriched with expertise through an 
appropriate information system.  
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6.29 Sub project: 219 – Data sharing for 
Railway

Participating stakeholders
n   Luleå University of  Technology
n   Omicold
n   SJ
n   Trafikverket

Sub project summary 

ePilot, which is a collaborative project for the implementation 
of research and development results in the field of operational 
and maintenance with a focus on condition-based mainte-
nance with the aim of implementing results from research 
and development. During the course of the project, a number 
of barriers to collaboration and data sharing have been iden-
tified, leading to some uncertainty among the stakeholders 
regarding what is included in the background and foreground 
and who owns the data and information included in a sub 
project. During discussions between the stakeholders, it has 
also emerged that there is no common nomenclature to 
describe what one means by different types of data, digitali-
sation and various sub processes in the flow from raw data to 
decisions.  

 In this sub project, process maps have been compiled for 
some of the ePilot’s sub projects, in order to describe the 
progress “from measurement to decision support”. Based on 
these, a number of issues have been compiled and interviews 
have been conducted with people involved in the ePilot 
project. Interviews have also been conducted with other 
industries where data sharing occurs.   

 The interviews point out that increased knowledge and 
clear guidelines are needed in the following areas to avoid 
barriers for continued data sharing:  

n   Laws and procedures to keep track of as an innovator and 
possibly tenderers in public activities  

n   Intellectual property rights   
n   Innovation procurement   
n   What should be agreed and what should be the agree-

ments should contain  
n   Existing agreements  
n   Ownership and right of use  
n   Data sharing is included in regulations   
n   Information security  

Interviews with people from other industries show that 
there is much to learn when, for example, the aviation indus-
try has a higher degree of maturity in terms of data sharing, 
information security, data quality and agreements including 
data sharing.  

When reviewing legislative and governing documents,  
the ePilot template for the project specification needed  
supporting texts and data sharing guidelines in order to  
support future sub projects.    

Governing documents that could have implications for data 
sharing in sub projects in ePilot are the Traffic Agreement. 
Governing documents that the sub project stakeholders must 
consider after completion of the project and before a public 
procurement is primarily LOU/LUF, Competition Law and 
General State Aid Rules.  

The results of the interviews show that there is a lot to be 
learned about the rules of LOU and LUF. It should be clari-
fied that Luleå University of Technology and Trafikverket, as 
public authorities, apply both LOU and LUF depending on 
the sector in which it operates. No assessment has been made 
regarding this, but the assessment is made on a case-by-case 
basis. The legal text has openings for innovation procurement, 
which is why this is important to increase knowledge about 
this and to inform stakeholdersabout what applies.  

This sub project focuses on data sharing issues in ePilot 
sub projects but can also be related to the entire industry. The 
consequences for deviations from agreed guidelines may be 
that the stakeholders do not agree on what has been promised 
in projects, stagnation in the industry if no one dares to share 
data and quality assurance must be guaranteed if decisions are 
made based on information. 

6.30 Sub project: 220 – Measuring Station 
Sweden

Participating stakeholders
n   LKAB 
n   Luleå University of  Technology 
n   Norrtåg 
n   Omicold 
n   SJ 
n   Trafikverket

Sub project summary 

Infrastructure for measuring the current characteristics of rail-
way infrastructure and rolling stock is prerequisite for assessing 
the condition of the railway. Assessment of the current and 
estimated condition of the railway contributes to improved 
risk-based prioritisation of maintenance and traffic manage-
ment measures to maintain punctuality on the railway. 

This report discusses an overall action plan to establish a 
number of test measurement sites and then connect them to 
‘Measurement Station Sweden’. Measurement Station Swe-
den is a platform designed and tested within ePilot, designed 
for transparent and reproducible tests of scientific theories, 
calculation tools and new technologies. 

The goal of ‘Measurement Station Sweden’ is to strengthen 
the adaptability and competitiveness of the railway industry 
by developing and providing a test bed for research and inno-
vation in the rail industry, both nationally and internationally. 

Measurement Station Sweden, called the ‘Digital site’, aims 
at a series of interconnected and coordinated measuring sites, 
called ‘Cyberphysical site’, for measuring railway systems. A 
measuring location can be a physical location at or adjacent 
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to the railway network, mobile measuring point or a virtual 
measuring location. These may in turn be equipped with one 
or more measurement techniques (such as force measurement, 
geometry measurement, acoustic measurement). Furthermore, 
a measuring device can consist of one or more sensors.  

The next step is to develop the conditions for upgrading 
the North Measurement Site together with the stakehold-
ers in ePilot. For the establishment of Measurement Station 
Sweden, the information logistics that have already been built 
up, must expand in order to include several measurement sites. 
Furthermore, the railway network needs to be transparent 
with regard to the additions of measurement technology that 
may be needed to obtain a basis for future expansion in order 
to carry out complete analyses. An industry-wide standard 
for identifying all system components must be completed in 
order to ensure traceability and trending capabilities. It is also 
important to develop a plan to train and prepare the stake-
holders for increased digitalisation of maintenance. 

6.31 Sub project: 228 – Image Analysis

Participating stakeholders
n   Luleå University of  Technology 
n   Structon 
n   Sweco 
n   Trafikverket

Sub project summary

In this project, image analysis was used to investigate whether 
the maintenance of reindeer fencing can be facilitated by 
automating inspections using images / films. The results show 
that image analysis software can identify inclined poles in 
clean fencing on the measuring cart films.

The difference in the slope of a given bar between different 
times (films) can also be identified. Winter pictures give the 
best results. Manipulating the original images to get a variety 
of variations and then using deep learning is what worked 
best and about 200 original images have been required to get 
acceptable results. Striving for the posts as well as poles inside 
some vegetation is not possible now. Pictures with the camera 
used on the measuring trolley before 2018 are not good 
enough. However, the network is very difficult to see even in 
newer images. It is probably possible to improve the images 
with optical corrections. 

Additional strategies to improve results are to combine 
images and utilise asset data. In order for the methodology to 
support maintenance to become condition based to a greater 
extent than today, it needs to be tested in, for example, a 
maintenance contract.

6.32 Sub project: 241 - Testing and evalu-
ation of AI-based methods for analysis of 
power relations connected to auxiliary heat

Participating stakeholders
n   Infranord 
n   Kairos Future 
n   LKAB 
n   Luleå University of  Technology 
n   Trafikverket 

Sub project summary

In this sub project, a feasibility study of the use of AI-based 
methods for analysis of cause-and-effect relations connected 
to auxiliary heat on the Iron Ore Line has been performed. 
At the overall level, the sub project aims to support a more 
sustainable and robust railway infrastructure by investigating 
an analysis method for a more dynamic and condition based 
maintenance program.

By collecting, integrating, washing and processing informa-
tion from various data sources, a set of measures was created 
that capture factors with potential impact on faults in the 
switches along the Iron Ore Line. A machine-learning model 
was trained to determine the explanatory value of each factor 
for reported errors.

The result is a rich source of data for further analysis and 
a compilation of the identified cause-and-effect relationships. 
In addition, the model developed has shown potential for 
identifying vulnerable switches, early warnings and risk plan-
ning based on different scenarios. All in all, the results of the 
projects represent a step towards a more condition based and 
proactive maintenance program.

6.33 Sub project: 242 - Information  
logistics for Measurement Station Sweden 

Participating stakeholders
n   Luleå University of  Technology 
n   eMaintenance 365 
n    Trafikverket

Sub project summary

One of ePilot’s focus areas has since the start 2013, been to 
establish and provide a cloud-based platform for information 
logistics consisting of distributed components for storage. This 
in the form of, for example, Storages, Blobs, Files, Hadoops, 
Sql, NoSql and Data Lakes and computing services such as 
web apps, app services, and VM machines and management 
services such as Active Directory which can be used for  
analysis of the system’s condition, both infrastructure and 
rolling stock. Changes in both technology and business have 
meant that the existing platform needs to be adapted and 
modernised to meet the needs of stakeholders.
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The aim of the sub project has been to modernise, supple-
ment and clarify ePilot’s platform for information logistics. 
Furthermore, the aim of the sub project has been to extend, 
adapt and describe ePilot’s existing information logistics 
platform.

The sub project have achieved all the goals in agreement  
with the project plan. It can be stated that the digital infra- 
structure developed, designed and provided within this 
subproject has been a necessary key factor for the implemen-
tation of most of the ePilot sub projects.

The sub project has also identified proposals for continued 
activities aimed at enabling advanced analyses through the use 
of artificial intelligence.

In addition to designing the technical platform, the work 
has resulted in two other important and basic products: 1) 
definitions and guidelines for data and information manage-
ment - which create the conditions for common understand-
ing of asset management and digital assets; and 2) a template 
for data request - which can be used as a tool in digital asset 
management.

6.34 Sub project: 243 – Crowd sourcing 
and innovation procurement

Participating stakeholders

n   Omicold 
n   Luleå University of  Technology 
n   Trafikverket

Sub project summary

This sub project studies the possibility of implementing re-
sults from innovations in public activities, in this case within 
the responsibility of the infrastructure manager Trafikverket.  
This is done by using procured maintenance contracts 
for infrastructure maintenance, idea generation through 
innovation competitions (crowdsourcing) and innovation 
procurement. 

The results show that there are great opportunities for 
increased implementation of new solutions in maintenance 
contracts. This is because it is already apparent from the 
announcement of a procurement that the maintenance con-
tract has room for innovation, sharing responsibility and risk 
between the stakeholders and increased experience reversal 
between Trafikverket’s project manager. Crowdsourcing and 
innovation procurement are tools that can stimulate and 
enable the implementation of innovations. 

To support the implementation of innovations, it is 
important to have an implementation-supporting function. 
This should run across the organisation and find solutions 
to issues such as the responsibility for implementation, 
development of education and change in regulations and 
working methods. 

6.35 Sub project: 244 - Evaluation  
of mobile data collection

Participating stakeholders
n   NRC 
n   Luleå University of  Technology  
n   Trafikverket
n   WSP 

Sub project summary

This sub project has investigated the possibilities of using 
mobile data collection from railway vehicles to utilise 
collected data for safety inspection in a railway facility 
according to TDOK 2014: 0240, without physically being 
in the facility (off-site).

The project has used existing data that was collected in 
connection with an ERTMS design and which followed the 
specification used by Trafikverket for mobile data capture 
by railway. In parallel with the data capture, more high-res-
olution data was also collected to evaluate how usability can 
increase with changing requirements.

Every step in the inspection of TDOK 2014: 0240 has 
been evaluated and the opportunities for off-site inspection 
have been calculated statistically for each type of technology. 
There greatest opportunities was for inspection of tracks 
where approximately 85% of the inspection was estimated 
to be possible. There were also relevant opportunities for 
other technology areas where an overall measure of the 
condition could be achieved. Other accompanying benefits 
are highlighted for this type of machine measurement such 
as increased objectivity and an opportunity to inspect a 
railway asset at such a level that it is possible to monitor it 
from a life cycle perspective.

The possibilities for automation of each inspection step 
were evaluated, mainly with regard to methods based on au-
tomatic image recognition, but also for other algorithms for 
geometric analysis of laser data. Automation was most de-
veloped in some cases where you can see changes between 
images from different data collections, for example for the 
detection of missing or damaged fasteners and slipers, dam-
aged signals and signs, cracking on various asset objects.

Other areas where automation of inspection proved to 
be possible based on analysis of laser data were, for exam-
ple, wear on rail heads, deviating track geometry, control of 
ballast levels, erosion and damage to the embankment and 
bridges, free space, and control of catenary.

Sharp testing of automation was performed for the 
following inspections to be able to evaluate the accuracy of 
image recognition and geometric analysis of laser data:

n   Automatic image recognition of rail damages, similar to 
squats. The methodology worked well with an accuracy 
of 88% for small injuries and significantly better for 
larger damages with the possibility of being improved 
with a larger amount of data.
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n   Automatic image recognition for missing fastenings. 
The methodology worked with very high accuracy 
and also had the potential to see changes in fastenings 
before they loosened.

n   Detection of tilted sleepers worked well.
n   Automatic sight length analysis. The methodology 

worked well and could be used both to detect devia-
tions both for the visibility of signals and boards, as well 
as the visibility for road users at level crossing.

n   Detection of vegetation that may fall on lines or tracks. 
The methodology worked, but requires a number of 
preparatory steps before it is applicable.

6.36 Sub project: 245 – Automation of 
inspection

Participating stakeholders
n   IBM 
n   Infranord 
n   Kaunis Iron 
n   Railcare 
n   Trafikverket
n   Tyréns 

Sub project summary

QTMS is a system for continuous track monitoring in 
connection with normal operations. The system is installed 
on at least one of the vehicles that travel the selected dis-
tance, in this case a locomotive on the ore track. Hardware 
has been adapted to meet the conditions prevailing on the 
Iron Ore Line during winter time. This mainly includes 
heaters that result in the snow not attaching to installed 
cameras. There are a large number of measurement values 
that QTMS delivers that have not been mentioned in this 
report, as the focus has been on monitoring insulated joints 
and switches and crossings from an inspection perspective.

The system consists of: Speed sensors, GPS, Gyroscope, 2 
accelerometers, 2 microphones, 2 cameras and 4 headlights.

The sub project has met the objectives of:  
n  V erifying the hypothesis that it is possible to automate 

a large part of the inspection of insulated joints,frogs 
and switch blades  with data from a QTMS system 
mounted on vehicles in regular traffic.

Demonstrating the possibility of receiving support in the 
prioritisation of inspections and for action planning of 
insulated joints, frogs and switch blades.The sub project has 
shown that with continuous measurements of vehicles in 
traffic it is possible to follow up the status of turnouts and 
insulated joints over time and that it is possible to supple-
ment measured results with images from the site. With re-
gard to displacement, it has been shown how the deflection 
of the rail between each individual sleeper can be followed 
and this shows whether one or more sleepers lack support 
from the ballast. The dimensions of the displacement in mm 
can be compared with the guide values used when inspect-
ing turnouts and insulated joints.

From the acceleration signal, small defects around insulat-
ed joints and switches and crossings can be identified. The 
measurement value is to a certain extent speed-dependent, 
but through frequent measurements trends can be visualised 
and deviating results can generate a work order that could 
be an ocular inspection but also direct action. Through the 
installation of cameras, images can be generated based on 
measured values at a specific position along the path. This 
can in many cases simplify an ocular inspection as it can be 
done remotely.

The project has collected about 20 passages between 
Kiruna and Narvik and analysed measurement values relat-
ing to track section  Kiruna - Riksgränsen.

6.37 Sub project: 246 - Verification of 
analysis tools and measurement data from 
vehicle-based measurement equipment

Participating stakeholders
n   Damill 
n   eMaintenance365 
n   Infranord 
n   Luleå University of  Technology 
n   Omicold 
n   Trafikverket 

Sub project summary

The sub project aimed to verify the analysis tool e365An-
alytics and the data provided by the mobile measurement 
system Track-Logger in ePilot sub project eP200-214-Im-
pINFRA.   

The sub project has shown that the Track-Logger pro-
vides both consistent and repeatable measurements of track 
quality parameters and that it can be used to complement 
Trafikverket’s regular measurements. The sub project has 
also shown that e365Analytics can be used as an analysis 
tool to validate measurement results. 

In order to be assess new mobile methods for assessing 
the condition of railway infrastructure, further development 
is needed that includes critical assessment of the analytical 
results, putting them in relation the railway asset, the meas-
urement vehicles speed and direction. It is also important 
that the results are evaluated by railway expertise with 
knowledge regarding the asset´s behavior knowledge.

A third delivery in the sub project was to develop an 
evaluation methodology. 

When testing and demonstrating new technology or a 
new methodology, it is important to think through the en-
tire chain from start to finish, and to incorporate a routine 
that is applicable to future tests for validation and evaluation 
of utility and usefulness. It is also important to have an iter-
ative thinking and be aware that the innovation is new and 
sometimes untested and therefore may need time for cali-
bration. An innovation can also mean rethinking the rules, 
agreements and procedures. Hence, continued development 
and testing of the methodology is proposed.
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A mobile measurement equipment such as Track-Logger, 
has in the estimation of the sub project, a great potential for 
more frequent inspections and can be a good complement 
to the ordinary measuring vehicle IMV 100 and IMV 200.

It is also considered that in the long term, a Track-Logger 
mobile measuring equipment can contribute to a more 
cost-effective maintenance of the railway.

A mobile equipment like TrackLogger, according to the 
project’s estimate, has great potential and can be a good 
complement to the regular measuring vehicle runs with 
IMV 100 and IMV 200.  

It is also considered that in the long term, a TrackLogger 
mobile measuring equipment can contribute to a more 
cost-effective maintenance of the railway. 

6.38 Sub project: 247 - Application of  
statistical process control

Participating stakeholders
n   Luleå University of  Technology
n   SWECO
n   Trafikverket

Sub project summary

 The aim of the project is to reduce the occurrence of 
train-disruptive faults in railway switches by achieving the 
following intermediate objectives:

1.   Identify the correlation between turnaround time, 
amount of energy and actual faults in the switch 
during changeover.

2.   Establishing control boundaries using statistical 
process control for identified correlations between 
changeover time, amount of energy and actual errors 
in the switch during conversion.

3.   Check if the control limits had generated alarms 
before actual fault in the switch occurred.

One method of reducing the occurrence of errors and 
making maintenance more cost-effective is condition based 
maintenance, where maintenance measures are planned 
according to the unit’s condition. Previous studies have 
investigated whether the restructuring time from DS 
analysis can be used for condition based maintenance. The 
study identified a probable link between malfunctioning of 
switches and crossings and the changeover time using statis-
tical process control. To ensure the connection, higher meas-
urement accuracy was needed of data from the changeover 
of the switch aand crossing. In this project, further study 
was made possible by providing data with higher measure-
ment accuracy from the Trafikverket and Structon’s system 
POSS. POSS measures the parameters temperature, amount 
of energy and changeover time and has a higher resolution 
of data when the amount of energy is sampled every 0.02 
seconds during the changeover of the switch and crossing. 
Based on an iterative process, an approach was developed 

for analysing data with statistical process control. Analysis 
resulted in the following shortcomings:

n   POSS data has periods of missing data as well as lack of 
data during changeover.

n   Incomplete reporting in both 0felia and Bessy and that 
only one of five incomplete changeovers in DS analysis 
has led to error report in 0felia.

n   POSS data does not indicate whether a complete 
changeover has been carried out, which can be supple-
mented with data from, for example, DS analysis. 

The analysis further provided the following recommen-
dations that also answer the project’s purpose and interim 
objectives:
n   It is more advantageous to use the amount of energy 

per changeover when using statistical process control, 
since the amount of energy is less auto correlated than 
the changeover time.

n   Increased opportunity to diagnose faults by jointly ana-
lysing changeover time and amount of energy.

n   When coordinating POSS data and DS analysis, the 
following were identified: 
n   POSS data describes the respective switch individual 

while DS analysis describes the entire coupled switch 
(two switches depending on each other).

     n   POSS and DS analysis need to standardise description 
of the direction of the changeover.

n   Large differences in the amount of energy needed for 
switching between normal and deviating main tracks 
may indicate that there is a need for action.

n   Alarms from established control limits have been 
identified before actual malfunctioning of the switch-
ing device was detected. Implementing these can thus 
reduce the occurrence of train disruptions.

6.39 Sub project: 248 – Data Factory

Participating stakeholders
n  ASTOC
n   Luleå University of  Technology
n   Trafikverket

Sub project summary

The railway is a complex technical system with a large 
number of stakeholders and business models, such as 
infrastructure owners, operators, maintenance companies, 
consultants, etc. In order to implement a holistic approach 
to asset management and at the same time strengthen the 
competitiveness of companies, there is a need for common 
understanding and insight. Insight can be gained through 
the exchange of knowledge and data between stakeholders. 
Therefore, DF/R will provide an integrated data sharing 
platform for different types of data relevant to holistic plant 
management.
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DF/R’s goal has been to create added value for its  
stakeholders by establishing a reliable and resilient platform 
for data sharing and analysis. The platform consists of a set 
of services that enable the railway’s various stakeholders, 
nationally and internationally, to provide and consume data 
and services safely. The work has focused on three impor-
tant aspects and challenges related to:

n   Architecture - this addresses the components of the 
system and their connection and integration of these 
components.

n   Infrastructure - this addresses the system’s underlying 
structures on the defined components and designed 
according to how the architecture should be executed.

n   Content - this addresses the content (i.e. data and algo-
rithms) that are the components of the architecture and 
that are executed on the infrastructure.

6.40 Sub project: 250 - Machine Learning 
for Condition-Based Maintenance for  
Carrier Lines

Participating stakeholders
n   Aiwizo
n   InfraNord
n   Latronix
n   Luleå University of  Technology
n   Trafikverket

Sub project summary

In the fall of 2018, a project was carried out by Infranord 
with the aim of demonstrating a measurement system to 
find damage to the carrier line. The measurement system 
generated a very large amount of image data, which created 
a need for an automated solution for the identification of 
damage. In this feasibility study, we have therefore investi-
gated which strategy should be chosen when automating 
the identification of defects on the carrier line. The study 
had the following objectives:

1.   Analysis of different algorithms for identifying defects 
on the carrier line.

2.   Strategy regarding the type of algorithm that should 
be used to identify defects on the carrier line and a 
hypothesis for unsupervised learning will be applica-
ble.

3.   Create a ranked list of the challenges that can arise 
in developing the machine learning algorithm and 
describe how the challenges should be handled.

The data used consists of 1,000,000 images collected on a 
6.8 kilometer long distance between Insjön and Leksand. 
From the images, clippings have been extracted on only the 
carrier line, which was then used to train two different un-
supervised learning models. The best model for identifying 
injuries was the model based on CutoutNet.
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The results showed that a suitable strategy for continuing 
this feasibility study should be to use a combination of un-
supervised and supervised learning. This is because in many 
cases unsupervised learning assesses that images on the 
carrier line that do not contain injuries are more aberrant 
than images that contain injuries and that no cluster with 
injuries alone was created. In continuing with the feasi-
bility study, we recommend starting the project by using 
an unsupervised learning model to reduce the amount of 
data that needs to be reviewed. Subsequently, images can 
be annotated as damage or not damage to create a new 
algorithm based on supervised learning. When analysing the 
results and tests of algorithms during the feasibility study 
the following challenges were identified:

1.   Unsupervised learning identifies many non-injury 
deviations

2.   Parts of the railway infrastructure obscure the carrier 
line

3.   Pictures on the carrier line are taken from below, 
which means that some damage may be obscured by 
the carrying line

4.   The extraction of the carrier line from the image data 
set is not 100% effective

5.   The amount of surface next to the carrier line that is 
extracted

6.   Image quality

Some of these challenges are more difficult than others to 
deal with, but they will all be able to be handled. They can 
also be managed by combining supervised with unsuper-
vised learning mentioned above and via the new measure-
ment system that Latronix plans to set up in 2020.

With regard to continued work, our recommendation is 
to start a new project according to our identified machine 
learning strategy as soon as Latronix has upgraded its meas-
urement system. The goal of the project should be to create 
an algorithm to identify the occurrence and position of 
strand fractures. The result of the project should be utilised 
by Trafikverket in production to avoid train stops due to 
broken carrier lines.
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WHEN EPILOT 2.0 ENDS 2019-12-31, there is a risk that 
everything that has been developed and established will not be 
able to be handed over to Trafikverket or other stakeholders. 
In addition to sub project results received and implemented by 
participating actors, there are two unique results that are con-
sidered most valuable to preserve of from ePilot (2013-2019):

n   The platform with established industry collaboration
n   IT solution for managing related data information 

services

Established industry collaboration includes active participation 
from authorities, operators, contractors, suppliers and consult-
ants. This collaboration is unique and has its closest counterpart 
in JBS (Järnvägsbranschens samverkansforum). ePilot  
complements JBS by focusing on FOI related to digitalised 
operations and maintenance of railways.

ePilot has also focused on concrete collaboration projects 
with short completion times. With ePilot and its predecessors 
within JVTC, there is more than 20 years of experience in in-
dustry collaboration and the number of players in the network 
has been continuously expanded. Replacing this network and 
established formalities for industry collaboration would be a 
major challenge and probably both take a long time and be 
extremely costly.

An established platform for managing data and information 
services from participating industry players is also unique and 
valuable for continued FOI operations. The platform and in-
cluded information solutions are based on established standards, 
which means that requirements for information security for 
FOI operations are met, while supporting implementation 
by individual actors. The platform has been continuously ex-
panded with data and information services during the project 
period (2013-2019), but also earlier, which makes it unique 

and means that a new establishment would be almost 10 years 
behind. Since the platform has been used in collaborative 
projects within the industry, there are also formalities estab-
lished around, among other things ownership and use rights. 
ePilot working method has been very successful. It is highly 
important to continue ePilot to safeguard the investment made 
in the technology and collaboration platform.

ePilot 4.0, intends to focus on FOI operations by providing 
an innovation engine for digitalised operation and maintenance 
in the railways with a supportive IT platform that focuses on 
handling data from industry players.

Since ePilot is a JVTC project, there are also good opportu-
nities to take advantage of calls from other financiers. In cases 
where the projects require an IT solution for managing heter-
ogeneous data from multiple actors, ePilot will be able to offer 
a platform for this based on standardised solutions and meet 
information security requirements for FOI projects.

In addition to continued operation of the collaboration 
and data sharing platform as well as experience in conducting 
testing and verification with industry stakeholders, the platform 
would focus on:

n   Digitalisation: The focus area aims to facilitate the ini-
tiation and implementation of projects that enable and 
improve a digitalised rail system.

n   Industrial AI: The focus area aims to facilitate the initi-
ation and implementation of projects that develop and 
implement AI in the railways.

n   Change management: The focus area aims to facilitate 
the initiation and implementation of projects with 
emphasis on aspects of change management in railway 
systems that implement sub project.

7. Future work
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