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Chairman´s  
Message
Yet another year has passed on our journey towards a more attractive,  
effective and competitive railway. It has been another year of positive  
development of JVTC. I am writing this message during the rapidly  
developing Corona situation. Amid all the challenges and sorrows, it is an 
interesting observation how this virus and the situation drives and accelerates 
digitalisation of organisations and businesses throughout the society.

Within the railway business, the idea of formulating and agreeing a vision zero 
for faults in the system or for traffic disturbances, is discussed more and more  
frequently by more and more stakeholders in the business. I think it is a very  
interesting idea, not because it is crucial that we reach exactly zero, but because it 
sets an ambition that every fault or traffic disturbance is a failure and that every 
fault can be prevented. We are not done until we reach vision zero. 

In this context, one quickly realise that JVTC strategic areas, which are 
aligned to the needs of the railway sector, are spot on. A journey 
towards a vision zero will not be possible without the  
benefits of digitalisation, with automated condition  
monitoring, developed predictive and prescriptive  
maintenance, with improved logistics for sharing  
condition data, nor without the benefits of clever 
solutions for maintenance execution.

That is why JVTC is doing what we are doing.

Sven Ödeen, Trafikverket, Chairman
Luleå Railway Research Center,
February 2020
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“Our current focus on  
application of AI, and  
advanced data science  
in our research and  
innovation projects has  
yielded positive results  
for our project portfolio.…” 

With passing years, railway assets (infra-
structure and rolling stocks) are getting old 
and at the same time, their utilization has 
increased manifold mainly as rail transpor-
tation has proven itself as an efficient and 
environmentally friendly mode of transport. 
Currently, a major challenge is to find the 
time slot to perform maintenance on the 
infrastructure and rolling stocks to maintain 
its functionality and ensure safe and reliable 
train operations. 

Maintenance process of railway systems, 
especially infrastructure maintenance, is 
unique in its complexity. So far, railway has 
been dealing with standard technologies and 
tools required to maintain the railway in an 
effective and efficient way which have failed 
to meet the challenges faced by mainte-
nance managers. Hence, railway managers 
are looking for new and transformative 
technologies and maintenance solutions to 
meet the challenges driven by increased traf-
fic and utilization of the railway systems.  

Accordingly, we at JVTC has brought 
our focus to transformative maintenance 
technology to develop a road map for 
digital transformation of maintenance 
work processes. The road map provides 
the foundation for utilising these predic-
tive technologies, which make man-
agement of ageing assets possible, with 
almost no risks and at the lowest costs 
with support of customized AI tools and 
technologies. Our maintenance transfor-
mation road map is developed to ensure 
safe and failure free train operation at the 
lowest cost using the power of predictive 
and prescriptive analytics. In this respect, 
our much-talked project “AI Factory for 
Railway” is worth mentioning. 

I am also happy to note that within the 
framework of “eMaintenance and Infor-
mation logistics innovation” program of 
JVTC, the project “ePilot” has once again 
attracted nationwide attention and has been 
listed as one of the 100 promising innova-
tive project in Sweden by the Royal Acad-

emy of Engineering Sciences. We are also 
actively participating in multiple projects 
within the European Shift2Rail initiative. 

Finally, I would like to thank the members 
of the JVTC Board of Directors, for their 
guidance and support to the management 
team throughout the year. I also wish to 
thank the members of the management 
team especially Ms Veronica Jägare, for 
their hard work, trust and continuous sup-
port. It is with great pleasure that I present 
the Annual Report of Luleå Railway 
Research Center, covering the activities, 
results and important events for the year 
2019. I would also like to take this oppor-
tunity to thank the management of Luleå 
University of Technology, my colleagues 
at the University, and our supporting part-
ners in industry for the successful results 
accomplished in the year 2019

Professor Uday Kumar, Director
Luleå Railway Research Center
February 10, 2020

Director´s Report
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A key challenge for the modern railway sec-
tor is to improve its competitiveness while 
ensuring a reliable and sustainable mode 
of transportation for passengers and goods. 
This essentially necessitates an effective 
and efficient operation and maintenance of 
infrastructure and rolling stock. The strategic 
focus of JVTC is to develop methods, models, 
methodologies and technology to make the 
railway sector competitive and a sustainable 
mode of transportation through industry spon-
sored Research & Innovation (R&I).

Keeping in mind the fact that operation and 
maintenance of the railway system is a mul-
tidisciplinary area, the management at JVTC 
has continuously been working to strengthen 
its position by networking with researchers 
with similar interests locally and all over the 
world. Today, JVTC have collaboration with re-
searchers from Australia, India, China, France, 
Norway, UK, Germany etc through various EU 
sponsored or other applied projects. 

The main focus of JVTC is to develop innova-
tive engineering solutions to enhance the ef-
fectiveness and efficiency of the operation and 
maintenance of railway systems to ensure an 
economically viable, reliable, punctual safe and 
sustainable mode of transport. The R&I activi-
ties of JVTC are built around the keywords: 
Safety, Sustainability, Availability and Capacity.

The center has built up world-class compe-
tence in the areas of RAMS, Condition based 
maintenance and eMaintenance. These three 
research areas bring strategic focus to some 
critical research topics, which have consider-
able impact on the performance of railway 
systems. 

Through extensive collaboration activities with 
member companies, JVTC ensures that results 
from research are relevant, requested and 
applicable in the railway industry. 

The center has also succeeded in funding, 
developing and establishing platforms such as 

ePilot, Testbed Railway and AI Factory in order 
to create conditions for excellent research 
within Operation and Maintenance for the 
Railway system.

Veronica Jägare, Deputy Director
Luleå Railway Research center
February 2020
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Järnvägstekniskt centrum (JVTC) was formally established in 1998 and has during the last 21 years, 
built up a research and innovation program adopting a distinctive multidisciplinary approach to meet  
short-term and long-term challenges faced by the operation and maintenance engineers of the railway sector.

“Our current focus on  
application of AI, and  
advanced data science  
in our research and  
innovation projects has  
yielded positive results  
for our project portfolio.…” 

Research, Development and  
Innovation activities at JVTC
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Research and  
Development Projects

Innovation and  
Implementation

Test and  
Demonstration

Training and  
Education

Cooperation and  
Collaboration

Research Labs

Through research and involvement in the innovation 
process, JVTC contributes to the railway industry with 
better concepts, tools and methods. What is unique 
about JVTC is the location, the research stations that 
provides access to data, and the eMaintenance LAB. 
The expertise of the researchers at JVTC includes the 
entire maintenance process, with emphasis on RAMS 
(Reliability, Availability, Maintainability, and Safety), LCC 
(Life Cycle Cost), risk, maintenance limits, eMainte-
nance and the development of maintenance strategies 
where methods like RAMS and LCC are interwoven 
applicable to a whole. Other areas of expertise are in-
tegration between data sources, analysis, maintenance 
history, management, and procurement. Recently focus 
has been brought to develop transformative technolo-
gies, tools and solutions for maintenance of railway 
systems. In this respect, many projects are initiated in 
the areas of digital transformation of maintenance and 
AI, Big Data, Machine Learning etc. 

The center operates under the aegis of the chancel-
lor of LTU and the director of JVTC is Professor Uday 
Kumar. JVTC has 16 members and is funded by the  
railway industry.
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About JVTC
JVTC is a collaborative research platform at Luleå University of Technology (LTU).  
It was established in 1998. The main purpose of the center is for researchers to engage  
with its stakeholders from the industry to conduct applicable R&I in operations  
and maintenance in order to create a robust and reliable railway system. 

Members
n	Luleå tekniska universitet
n	Bane Nor
n	Bombardier Transportation
n	Damill
n	Duroc Rail
n	eMaintenance365 

n	Infranord
n	LKAB
n	Norut Teknologi
n	Omicold
n	Outflight
n	SJ 

n	SWECO
n	Trafikverket 
n	Tyréns AB
n	Vossloh Nordic Switch 
Systems
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Heavy transports in cold climate
During the 1990s due to heavier trains on the iron ore line and 
later, heavier freight trains on other tracks, T2K2 worked actively to 
develop the knowledge, skills and experience in heavy rail transports. 
This was unique in Europe and the work has led to many improve-
ments in the Swedish rail system since the formal start of upgrading 
the iron ore line to 30 tons axle load.

Sustainable bridges
A European research project initiated by Construction Technology 
was submitted in April 2004. The 4-year project started on December 
1, 2004 and had 32 participants from 12 countries. The program had 
a turnover of 100 million SEK, of which about 65 million SEK came 
from the EU. The goal was to increase the allowable bearing capacity 
and train speed on the railway bridges in Europe by developing better 
methods for classification calculations, measurement of the condition 
and operation, repair and reinforcement.

The establishment of a research station
A requirement for many of JVTC´s ongoing research projects is the 
availability of data from the railway system. In 2006, JVTC established, 

A look in the rearview mirror
JVTC was founded by Luleå University of Technology together with a number of interested companies 
in 1998 with support from Luleå Growth Academy, in order to make the area of heavy rail transports 
in cold climate (Tunga Transporter i Kallt Klimat, T2K2) and mixed traffic more efficient. During the 
autumn of 2000 the research was focused on operation and maintenance issues of the railway.

closely with the member company Damill AB, a monitoring station in 
Sävast on the Ore Line. The placement in Sävast was decided based on 
a large variance in traffic volume and the proximity of Luleå Univer-
sity of Technology. The measuring station has instruments to measure 
forces from vehicles on the track and the data is stored in a system. An 
accelerometer is used to measure the vibration of the rail when the train 
passes. Measurement data are now transferred to the eMaintenance LAB, 
established 2011. This was the first step in creating a Testbed for Railway.

Expansion through European projects
During 2011-2015, JVTC participated in several major European 
projects in the Seventh Framework Programme (FP7) i.e. AUTO-
MAIN, SUSTRAIL, TREND, BGLC, MAINLINE, SAFT Inspect 
and OPTIRAIL etc. During this time the number of PhD candi-
dates and researchers increased at JVTC.

Establishment of labs and platforms
During 2015-2019, JVTC increased the capability of connected labs 
and platforms in order to support excellent research and innovation.
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The strategic focus of the research programs is to ensure increased 
availability, capacity, safety and sustainability of the railway network 
and rolling stocks by effective operation and maintenance. Consider-
able research is being undertaken to study the track maintenance 
and renewal issues with focus on grinding, lubrication, maintenance 
strategies and track degradation. 

Supportive technologies and solutions are being utilized together with 
strong domain knowledge, in order to build optimizing technologies 
and solutions for operation and maintenance. By applying transforma-
tive technologies, the aim is to ensure increased availability, capacity, 
safety and sustainability of the railway system. Areas included in the 
JVTC R&I Programs have the objective of finding answers to the 
main research question: How to estimate the remaining useful life of 

railway components and systems in a specific operating condition? 
This will facilitate development of predictive technologies and solu-
tions for the railway sector and will facilitate correct decision-making 
leading to effective and efficient maintenance planning. The trans-
formative technologies will also facilitate finding the answer to the 
question “What is to be done, how should it be done and who should 
do it?”. It will facilitate development of prescriptive analytics and tools, 
which will ultimately facilitate optimized maintenance resource al-
location and maintenance task execution.

JVTC Engineering and Management Programs describe JVTC’s 
areas of excellence needed to solve the challenges in the railway 
industry. Providing competence to the programs is ensured through 
education and research at LTU.

Strategic Research
and Innovation Programs
The strategic focus of the research and innovation programs is to develop new tools, 
methods and models using the power of new and emerging technologies that will  
facilitate innovative solutions in order to improve and strengthen the railway system. 
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Strategic research and innovation programs:

n	 �Context based diagnostics 
and prognostics

n	Threshold limits

n	Modeling of track geometry

n	Wear and friction control

n	Component improvements

n	Grinding optimization

n	� Condition monitoring  
techniques and strategies

n	Sensor technologies

n	� Demonstrator for testing 
on rail

n	Dependability

n	LCC

n	Risk analysis and 
	 modeling

n	Big Data mining

n	Maintenance 
	 optimization 
	 and modeling

n	Design for reliability 
	 and maintainability

Condition monitoring 
and CBM RAMS4

n	 Big Data analytics

n	� Cloud-computing and data 
mining

n	� Distributed computing

n	� Crowd-computing

n	� Information logistics

n	� Data integration, fusion 
and processing

n	� Data visualization

n	� Context adaptation

n	� eMaintenance railway  
demonstrator

eMaintenance

n	 �Asset maintenance organization and 
strategy

n	 �Asset Performance Measurements and 
management 

n	 �LCC and LCP for asset management
n	 �Maintenance workflow optimization
n	 �Maintenance process and procedure 

analysis
n	 �Maintenance contracts 
n	 �Models for evaluating and implementing 

new knowledge
n	 �Human, Technology and Organization (HTO)
n	 �Human Factors /Ergonomics for risk 

management
n	 �Cooperation and collaboration

Asset management,  
Risk and Human Factors

Digitalization
JVTC Research and innovation framework.

New technologies and solutions provides the conditions for developing implementable concepts and demonstrators for the industry.

Technologies and models are used together with strong domain knowledge to build new solutions for operation and maintenance of railways.

The researchers work in agile clusters where they work with deliveries in short iterative cycles where they make prototypes, test, analyze and improve 
to find solutions to societal challenges.

Do
main

 kn
ow

led
ge
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The concept of “maintenance limit“ is an innovative way to look at the opera-
tion and maintenance of railway system as a single entity to ensure high level of 
transport system reliability. The concept is based and analogous to safety limit 
used since many decades. The term maintenance limits is used to show that the 
maintenance decision should be based on knowledge about degradation rates and 
taken in such a good time that corrective maintenance can be avoided. Mainte-
nance limits also implicates that the total cost for maintaining rail and wheel sets 
combined, should be used as a parameter for maintenance decisions. Currently, 
JVTC is conducting research projects in this area.

RAMS Reliability, Availability, Maintainability and Safety, also incl. Support-
ability, Security and Sustainability characteristics for a railway system can be 
described as the confidence with which it can guarantee the achievement of 
an agreed volume of traffic with defined quality in a given period. With an 
increase in performance demands from governments, infrastructure managers 
and train operators are under pressure, to enhance the RAMS characteristics of 
their operating systems. As a result, during the last 6-8 years, RAMS issues have 
become critical for competitiveness and economic viability of the railway sys-
tems all over the world. Currently, JVTC is engaged in projects that have direct 
or indirect focus on RAMS analysis. Some of these projects are within Euro-
pean projects and JVTC is one of the key players for the analysis of RAMS of 
railway systems.

The importance of the concept and application of human factors in mainte-
nance management for the railway infrastructure is gaining more acceptance. 
Human errors play a vital role in safety of rail infrastructure. Issues like, man-
machine-machine interface coupled with ergonomics and increasing levels of 
digitalisation makes it important to look for innovative solutions. Factors like, 
increased capacity, reliability and availability of the rail infrastructure require 
knowledge and skill enhancement support. The human factors related projects 
focus on the increased capacity of the existing railway infrastructure through 
effective and efficient maintenance processes. The overall purpose of this part 
of the program is to help the Swedish railway sector to increase their competi-
tiveness by improving maintenance work processes, safety and the reduction of 
human error/or failure during maintenance activities through the implementa-
tion of human factors principles. The fundamental goal of the human factor is 
that all tools, devices, equipment, machines, and environments should advance, 
directly or indirectly, the safety, well-being, and performance of humans. 

Condition Monitoring and  
CBM Research Program 

RAMS4 Research Program 

Asset Management, Risk &  
Human Factors Research Program

Strategic research and innovat ion programs 
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eMaintenance Research Program
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The main goal of the eMaintenance Research Program is to enable Operational Excellence enhanced 
through establishment of effective and efficient operation and maintenance processes. The program  
enables Augmented Decision-Making empowered by Advanced Maintenance Analytics. Frameworks, 
approaches, methodologies, technologies, and tools such as Artificial Intelligence (AI), Machine  
Learning (ML), Deep Learning (DL), eXplainable AI (XAI), service-oriented and event-oriented 
approaches, digitalisation, IoT and IIoT, and information logistics are getting orchestrated to develop 
solutions which can be utilised during a system’s whole lifecycle (i.e. conceptualisation, design,  
development, production, utilisation, and retirement). This can be applied to various process phases 
(i.e. maintenance management, maintenance support planning, maintenance planning, maintenance  
execution, maintenance assessment, and maintenance improvement) on-line and in real-time.

The overarching objective is to:  
a) �conduct a multi-disciplinary applied research in maintenance 

analytics; 
b) �develop and provide an appropriate education platform in 

eMaintenance; 
c) �establish an innovation process which supports implementation 

of research outcomes to real-world solutions.

The program focuses on topics which reflect issues and challenges 
within industry and academia. Some of these topics are: Artificial 
Intelligence (AI), Machine Learning (ML), Deep Learning (DL), 

eXplainable AI (XAI), service-oriented and event-oriented ap-
proaches, digitalisation, IoT and IIoT, Big Data Analytics, cloud-
computing, distributed computing, crowd-computing, informa-
tion logistics, data integration, data fusion, data processing, data 
visualisation, and context adaptation.

The program also aims to design, develop, and provide artefacts 
based on edge technology to demonstrate proof-of-concept with-
in the aforementioned topics. The main objective of these dem-
onstrators are to validate academic outcome in industrial contexts. 
This is achieved in collaboration with with eMaintenance LAB.

Strategic research and innovat ion programs 
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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 devel-
oped by the Luleå Railway Research Center 
(JVTC) at LTU as a result from more than 20 
years of research, innovation, and imple-
mentation in operation and maintenance of 
railway.

The ePilot concept was presented during 
2012, in a report that described a frame-
work 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.
Our mission is to provide a collaborative 
innovation platform enabling operational 
excellence for the railway ecosystem through 
eMaintenance and Industrial AI.

Our vision is to enable a robust, resilient, reli-
able, 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 contributing to greater relia-
bility, punctuality, and sustainability in railway, 
and also greater cost-efficiency in operation 
and maintenance.

Within the ePilot’s framework, 38 sub pro-
jects have been conducted. The ePilot was 
ongoing from November 1 2013 to Decem-
ber 31 2019.

Achieved impacts
n �ePilot has contributed to greater collabora-

tion where 51 stakeholders have actively 
participated

n �ePilot has established a national platform for 
the retrieval, storage, integration and analysis 
of condition and operational data

n �ePilot has created a neutral innovation 
platform

n �ePilot has established a process-oriented, 
crosssectoral working method between 
organisations

n �ePilot has created a greater understanding 
of the challenges and opportunities that af-
fect the implementation of innovations

n �ePilot has increased the industry maturity 
regarding the opportunities inherent in 
eMaintenance

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

n �ePilot collaboration has generated 105 ideas 
resulting 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 for projects 
with the most impact on sustainability.

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.

When ePilot started, collaboration was regu-
lated through agreements and contracts that 
often lacked goals and incentives to develop 
and improve. There was a great desire among 

ePilot provides a collaboration platform for the development of solutions for maintenance decision-making.  
The platform is based on the needs and requirements from various stakeholders, in order to enable and transform  
the Swedish fragmented railway industry to an integrated system. The solutions result in improved punctuality  
and minimized disruption in railway system and an insurance of improved accessibility and increased quality  
together with more efficient maintenance.

ePilot
An collaboration platform that enables innovations for the rail ecosystem within eMaintenance and Industrial AI.
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the stakeholders to jointly transfer corrective 
maintenance to preventative maintenance. By 
working together, the stakeholders has gained 
a better understanding of the problems posed 
by the different stakeholders. The collabora-
tion model (eCollaboration) developed by 
ePilot has created a collaborative climate that 
also allows competing stakeholders to partici-
pate in joint development projects. During 
the project, several interviews and question-
naires 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 collabo-
ration environment and has gained interest 
in Europe, South Africa and Australia. ePilot 
has also been awarded the Strukton Innova-
tion 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 stakeholders.

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 automated in-

spection delivering the results as decision sup-
port. 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 the topic, “Vehicle maintenance” most 
of the sub projects has investigated possibili-
ties to use data from Trafikverket’s stationary 
detectors for e.g. wheel impact detection or 
hot box detectors to create analytic deci-
sion support for vehicle maintenance. In sub 
projects dealing with “Information Logistics 
and AI” work has been done to establish 
information logistics within eMaintenance 
and Artificial Intelligence tools have been 
used for the analysis of large data sets. In all 
the mentioned topics above, a decision sup-
port system has been developed to support 
the correct maintenance 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 Management that will facilitate 
changes related to digitalisation, implementa-
tion 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, includ-
ing: Shift2Rail, H2020, Horizon Europe, As-
set data (ANDA), Maintenance system (GUS) 
and BanaVäg För Framtiden (BVFF).

ePilot on the Royal Swedish  
Science Academy 100 list
The Royal Swedish Science Academy 
(IVA) 100 list sheds light on current 
research, and makes it easier for research-
ers and companies to find each other 
and together create innovation and new 
business opportunities. IVA’s 100 list 2020 
was looking for research with bearing 
on sustainability, within technical and 
economic sciences, which can create 
value for business or society in the form 
of knowledge, processes, products and 
business.

ePilot is included in IVA’s 100 list with 
the description:

ePilot is an innovation platform that 
enables the creation of innovations for 
the rail ecosystem within eMaintenance 
and Industrial AI. Research within ePilot 
has resulted in a framework that facilitates 
digitalisation by meeting the specific 
features of digitalisation. The framework´s 
main pillars consist of: eGovernance, 
eChange Management and eCollabora-
tion. Our research creates prerequisites for 
implementing AI-based tools to optimise 
the operation and maintenance of the 
railway system. ePilot facilitates change 
towards one digitalised railway.

Read more about the ePilot: https://
www.ltu.se/research/subjects/Drift-och-
underhall/Forskningsprojekt/ePilot?l=en

 

The ePilot executive team at JVTC: Veronica 
Jägare, Project Leader, Ramin Karim, eMainte-
nance & Industrial AI Leader; Ulla Juntti, Process 
Leader and Railway Expert; Cecilia Glover, 
Financial Controller and Alexandra Lund Cipolla, 
Administrative coordinator.

Veronica Jägare,  
project leader ePilot.

ePilot collaboration partners
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Implementation of condition monitoring for the 
infrastructure for track section Kiruna-Narvik  
(sub project 213)
Participating stakeholders: BaneNOR, Damill, LKAB, Norut, Luleå tekniska 
universitet (JVTC), SJ, Trafikverket

In the sub project, measurements of Ofotbanen’s superstructure was 
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. Measurement 
data from 15 single trips, for a selected track section between Søsterbekk 
and Haugfjell, have been analysed in this sub project and compared with 
data from BaneNORs measurment train. The sub project has shown that 
the Track-Logger provides both consistent and repeatable measurements 
of parameters such as warping, vertical geometry/cant and corrugated rail 
heads.

Image analysis (sub project 228) 
Participating stakeholders: Sweco, Structon, Luleå tekniska universitet 
(JVTC), Trafikverket

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

ePilot 2.0 sub projects during 2019
Testing and evaluation of AI-based methods for 
analysis of power relations connected to auxiliary 
heat (sub project 241)
Participating stakeholders: Kairos Future, Infranord, LKAB, Trafikverket,  
Luleå tekniska universitet (JVTC)

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. 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 planning based on different 
scenarios.

Information logistics for measuring station Sweden 
(sub project 242)
Participating stakeholders: Trafikverket, Luleå tekniska universitet (JVTC), 
eMaintenance365

The aim of the sub project has been to modernise, supplement 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. 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 management - which create the condi-
tions for common understanding of asset management and digital assets; 
and 2) a template for data request - which can be used as a tool in digital 
asset management.
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Crowd sourcing and innovation procurement  
(sub project 243)
Participating stakeholders: Omicold, Luleå tekniska universitet (JVTC), 
Trafikverket

This sub project studies the possibility of implementing results from innova-
tions in public activities, in this case within the responsibility of the infra-
structure 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 imple-
mentation of new solutions in maintenance contracts. This is because it 
is already apparent from the announcement of a procurement that the 
maintenance contract 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.

Evaluation of mobile data collection  
(sub project 244)
Participating stakeholders: WSP, NRC, Luleå tekniska universitet (JVTC), 
Trafikverket

This sub project has investigated the possibilities of using mobile data 
collection from railway vehicles to utilize 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-resolution data was also collected to evaluate how 
usability can increase with changing requirements. Every step in the inspec-
tion of TDOK 2014: 0240 has been evaluated and the opportunities for off-
site inspection have been calculated statistically for each type of technology.

Automated inspection (sub project 245)
Participating stakeholders: Tyréns, IBM, Infranord, Kaunis Iron, Railcare, 
Trafikverket

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 distance, in this case a locomotive on the ore line. 
The system consists of: Speed sensors, GPS, Gyroscope, 2 accelerometers, 
2 microphones, 2 cameras and 4 headlights. The sub project has verified 
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. 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 
supplement measured results with images from the site.

Verification of analysis tools and measurement  
data from vehicle-based measurement equipment 
(sub project 246)
Participating stakeholders: Damill, eMaintenance365, Infranord, Luleå 
tekniska universitet (JVTC),  Omicold, Trafikverket

The sub project aimed to verify the analysis tool e365Analytics and the data 
provided by the mobile measurement system Track-Logger in ePilot sub 

project eP200-214-ImpINFRA. The sub project has shown that the Track-
Logger provides 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. 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 entire

chain from start to finish, and to incorporate a routine that is applicable to 
future tests for validation and evaluation of utility and usefulness.

Application of statistical process control  
(sub project 247)
Participating stakeholders: Sweco, Luleå tekniska universitet (JVTC), 
Trafikverket

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 identi-
fied 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.

Data Factory Railway (sub project 248)
Participating stakeholders: ASTOC, Luleå tekniska universitet (JVTC), 
Trafikverket

DF/R will provide an integrated data sharing platform for different types of 
data relevant to holistic asset management. The work has focused on three 
important aspects and challenges related to:

1) �Architecture - this addresses the components of the system and their 
connection and integration of these components. 2) Infrastructure - this 
addresses the system’s underlying structures on the defined components 
and designed according to how the architecture should be executed. 
3) Content - this addresses the content (i.e. data and algorithms) that 
are the components of the architecture and that are executed on the 
infrastructure.

Machine Learning for Condition-Based Maintenance 
for Carrier Lines (sub project 250) 
Participating stakeholders: Aiwizo, Infranord, Latronix, Luleå tekniska 
universitet (JVTC), Trafikverket

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 investigated which 
strategy should be chosen when automating the identification of defects on 
the carrier line.
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To achieve smooth implementation of new 
research and innovation, the railway stakehold-
ers, e.g. infrastructure manager 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 Engineer-
ing 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 facili-
tate establishment of digitalised railway and 
enable enhanced decision-making through big 
data analytics. The tools also provide capability 
to acquire asset-related data such as condi-
tion 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 meth-
odologies aimed at the development of the 
railway system, nationally and internationally. 
Further, Railway 4.0 focuses on disseminating 
the experience and knowledge to involved 
stakeholders (e.g infrastructure owner, entre-
preneurs, academia, and consultants). Railway 
4.0 provides the railway industry enhanced 
opportunities to collaborate, cooperate, test, 
and implement relevant research and develop-
ment results in the areas of digitalised railway 
and eMaintenance. This in turn contributes to 
improved robustness and capacity of the rail-

Testbed Railway An infrastructure for  
test, development and implementation of Railway 4.0
-	the Swedish Concept for Future Railway Research and Innovation

way transport systems, as well as increased cost 
efficiency of operation and maintenance.

Testbed Railway is a platform aimed for 
transparent and replicable testing of scientific 
theories, computational tools (such as Big 
Data Analytics) and new technology. The goal 
of the ‘Testbed Railway’ is to strengthen the 
railway industry’s adaptability and competi-
tiveness by developing and providing a testbed 
for research and innovation in the rail industry, 
nationally and internationally.  The purpose of 
the ‘Testbed Railway’ is to enable that Sweden 
should be a leader in research and innovation 
in railway, which contributes to strengthening 
the industrial production of rail-related goods 
and services in Sweden. 

The testbed will facilitate continuous moni-
toring of railway infrastructure and rolling 
stock in real time using state of the art tech-
nology. The corridor which is equipped with 
state of the art measurement and communica-
tion technologies for measurement, monitor-
ing and storage of data is critical for researchers 
at JVTC with strategic focus to develop main-
tenance models, tools and methodology to 
facilitate correct and timely decisions ensuring 
effective and efficient maintenance processes 
solutions. The digital part of Testbed Railway is 
powered and hosted by eMaintenance LAB.

Today, the testbed covers two main track-
sections (around 5 000 km railway), i.e. 
Malmbanan and Haparandabanan. These two 
track-section are instrumented so that both 

infrastructure and the rolling stocks can be 
monitored online and in real-time. The data 
monitoring data is used for maintenance 
analytics, i.e. maintenance descriptive, main-
tenance diagnostics, maintenance prognostics, 
and maintenance prescriptive.

The testbed includes both the track-sections 
with wayside and portable measuring equip-
ment and two laboratories at LTU.

The eMaintenance LAB 
The The eMaintenance LAB provides a 
platform for research and education in 
eMaintenance to enable enhanced decision-
making in maintenance through digitalisation. 
The lab offers a set of services which can 
be utilised at various tiers, e.g. Infrastructure 
as a Services (IaaS), Platform as a Service 
(PaaS), and Software as a Service (SaaS). The 
integrated services can smoothly be adapted to 
the context of different stakeholders, applica-
tions, and industries. Today, the eMaintenance 
LAB offers artefacts based on technolo-
gies, methodologies, and approaches such as 
Artificial Intelligence, Machine Learning, Big 
Data, Cloud computing, Edge computing, 
and cyber security. The lab supports research 
and innovation (R&I) projects in aviation, 
mining, railway, energy, and process industry. 
To support a wide range of R&I projects and 
initiatives, the lab provides a combination of 
physical and virtual sites. 

Today, the physical sites of eMaintenance LAB, 
are located at the University in Luleå and in 
close collaboration with LKAB (the Swedish 
mining company), in Kiruna. These sites are 
designed and developed to facilitate hands-on 
experiences in eMaintenance research and in-
novation. The services provided by the lab are 
utilised in research, education, and innovation 
within operation and maintenance. Further-
more, eMaintenance LAB is used to encourage 
and strengthen the cooperation and collabora-
tion between industrial and academia partners. 

eMaintenance LAB services are currently 
empowering a large number of national and 
international research projects. This includes 
industry and research partners from Spain, 
Italy, Germany, Norway, Finland, and USA.

Currently, the railway system needs to embrace and get the best out of new technologies, innovations,  
and implementation of research results in a day-to-day management. However, it is highly important to 
address and study the implementation of new technologies and new innovative solutions at the outset, 
results in lower than expected benefit or lot of expenses for little benefit to the stakeholders in terms of 
capacity and reliability. 
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n �level gauges for track position measurements
n �crack gauge according to the resistance meas-

urement method
n �track profile gauges and surface finish gauges
n �equipment for wireless transmission of rail-

way measurement data

CBMLAB have a top modern Bombardier 
point machine, ready for digitalisation and 
smart algorithm adaption to the future railway.

The JVTC Research Station is a measure-
ment station to measure forces exerted by 
vehicles on the track. The mounting pattern 
of sensors at measurement point separates the 
vertical and lateral forces. The measurement 
station delivers real time data 24 hours a day, 
identifies trains and wagons, provide a top 10 
list of poorly performing axels and internet 
access to real time data. In collaboration with 
Damill AB,

Condition Based Maintenance Lab 
(CBM Lab) 
CBM The Condition Based Maintenance Lab 
(CBMLAB) at LTU conducts research and 
training in condition-based maintenance. In 
the laboratory, which focuses on the condition 
control of railway and mechanical machines 
(gears, rolling bearings, etc.), today include the 
following test rigs and equipment:
n �actuation, locking and detection device
n �test rig for condition monitoring of cracks 

in gears
n �test rig for condition monitoring of various 

sizes and types of gearboxes loaded with 
realistic torque and speed

n �test rigs for rolling bearing testing where 
radial force is controlled via computer and 
where accelerations and temperatures are to 
be analysed with smart algorithms

n �equipment for measuring friction on rails as 
well as wear constants

n �equipment for measuring rail cracks with 
ultrasound, phased array and SAFT

n �water tank for measuring ultrasonic cracks
n �measuring trolley with eddy current technol-

ogy for detecting rail fasteners

Bombardier Point machine.

A complete full-scale track switch mounted con-
nected to the CBMLAB.

The JVTC research station in Sävast]

Outside of CBMLAB, a complete, full-scale 
switch is also installed. It is 30 meters long and 
has been donated by Trafikverket. The switch 
will initially be used to study so-called gear 
drives. Furthermore, there is also a 30 m long 
railway track for detecting fasteners. In 2019, a 
boogi, a rotatable undercarriage for trains and 
rail cars, was delivered to perform tests on the 
university’s full-scale switches and crossings lab.

At the Wheel Profile Measurement Sta-
tion in Sunderbyn, a wheel profile meas-
urement equipment has been installed. The 
equipment automatically detects passing wheel 
sets and fires laser-based units to measure the 
wheel profiles of trains at operational speed. 
By combining this information with RFID 
readings of the wagon identity, the research 
corridor can provide a unique opportunity 
for eg. wheel maintenance optimization on an 
individual wheel level.

eMaintenance drones are part of tools and 
services provided eMaintenance LAB, which 
are aimed for research activities related to 
topics such as remote maintenance, condition 
monitoring, remote inspection, safety, and 
security.

Track Logger is a portable logger to be 
installed on any railway vehicle and that scans 
the rail for imperfections by using accelerom-
eters on axle bearings. Equipment owned by 
Damill AB.

S&C Vision Logger is a camera surveillance 
system installed in the catenary system above 
special track components such as switches. 
Images in real time for condition monitoring 
check of snow conditions and to be used by 
the corrective maintenance personnel before 
driving out to the site to repair, in order to 
take the right spare parts, equipment and right 
personnel with right competence to repair the 
failure. In collaboration with Damill AB.

A Top-Of-Rail lubrication unit has been 
installed in the research corridor to perform 
research in the area of rail contact band friction 
management. The unit is powered by wind 
and solar energy and can be programmed to 
apply different amounts of fric¬tion modifiers 
to investigate the effect on eg. friction forces, 
wear and noise & vibrations.



18

The ongoing digitalisation and implementation of AI-technologies 
in railway is highly dependent on availability and accessibility of data 
for a geographically distributed system. AIF/R is facilitating this by 
providing a platform for data sharing. AIF/R is a set of smart cloud/
edge-based data services that are aimed to accelerate digitalisation in 
railway. AIF/R’s services provide capabilities such as acquisition, inte-
gration, transformation, and processing of railway related data across 
endpoints, e.g. authorities, industries, academia, and SME:s. AIF/R’s 
integrated services can be invoked on-premises or in multiple cloud-
based environments. AIF/R architecture is built on loosely coupled 
storage and computing services, see Figure 1.

AIF/R provides digital pipelines between data providers and data 
consumers, as illustrated in Figure 1. Each pipeline represents a set 
of orchestrated activities aimed to extract, transfer, load, and process 
datasets between the provider and the consumer. AIF/R’s pipelines 
are configurable entities, which can utilise a palette of technologies 
for e.g. communication, storage, and processing, to enable context-
adaptability and fulfil the users’ requirements. Selection of appro-
priate technologies for each pipeline will be based on the context 
specific requirements such as requirements on scalability, authenti-
cation, and authorisation. It is believed that a generic data factory 
for railway should be hosted as a neutral open platform, which is 
governed by a body with focus on research and innovation.

AIF/R will provide railway stakeholders, nationally and internally, 
with cloud/edgebased services and supporting governance processes 
that can be used to access various type of datasets. AIF/R will also 
provide a cyber-security platform including authentication mecha-
nisms at various levels. Cyber security platform of AIF/R will man-
age access to data based on data openness characteristic, such as 1) 
fully open data (requires no authentication); semi-open data (requires 
weak authentication), and noopen data (strong authentication). 
Furthermore, the data services in AIF/R provide various Applica-
tion Programming interfaces (API) to facilitate dynamic and context 
based integration between back-ends and front-ends services. Some 
examples of these are Logic Apps, Services Bus, Event Grid, REST 
etc.

AIF/R will also provide computing capabilities for AI, beside capa-
bilities for storage, networking, and communication. These capabili-
ties are materialised in a set of interconnected and loosely coupled 
services, which be orchestrated dynamically to adapt to various 
contexts. The overarching architecture of AIF/R is illustrated in 
Figure 2. AIF/R’s services will fulfil stakeholders’ requirements on 
data access and on knowledge discovery. Furthermore, AIF/R will 
enable integration with other AI environments such as ‘AI Innova-

tion Sweden’ and initiatives within existing ‘H2020’framework and 
the future framework of ‘Horizon Europe’.

AIF/R will artefact, which relies on four main pillars: 

n �A technology platform (AI Factory) - AIF/R’s technology plat-
form is a service-oriented scalable environment for enabling capa-
bilities for information logistics, including services data acquisition, 
data filtering, data quality, data transformation, cyber security, data 
processing, and visualisation.

n �A digital governance platform (eGovernance) – AIF/R’s eGovern-
ance platform deals with all activities necessary to enable govern-
ance of digital assets in a heterogeneous technology environment 
with a large number of stakeholder. 

n �A communication platform – AIF/R’s communication platform 
will support and facilitate the achievement of the overall goals. 
Communications will be built on scientific results, which will be 
reviewed. A major outlet for communication is the research com-
munity, in which articles in peer-reviewed journals will be of high 
importance.

n �A coordinating platform – AIFF/R’s coordnitating platform is 
built  upon an agile mind-set with related tools, to facilitate col-
laboration between stakeholders and also to increase the efficiency 
of AIF/R’s DevOps (development and Operations) processes 

Researchers: Ramin Karim (PL), Miguel Castano, Veronica Jägare, 
Jaya Kumari, Yang Zhu, Cecilia Glover

Sponsor: Vinnova, JVTC, Trafikverket, Association of Swedish Train 
Operating Companies, Infranord, Norrtåg, Alstom, Bombardier, 
Damill, Omicold, Sweco, Transitio

 

AI Factory for Railway
A platform for data sharing and analytics

AIF/R’s goal is to create value for its stakeholders via establishment of a reliable and resilient platform 
for data sharing and analytics. The platform consists of a set of services and governing structures, which 
enables railway stakeholders, nationally and internationally, to provide and consume data and services 
securely.

Ramin Karim,
project leader AI Factory for Railway.
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Figure 3. AIF/R’s main pillars

Figure 1. AIF/R’s conceptual model

Figure 2. AIF/R’s overarching architecture
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JVTC researchers have participated in eight  
H2020 projects within Shift2Rail during 2019:  
IN2SMART, IN2SMART II, IN2TRACK,  
IN2TRACK II, FR8RAIL, FR8RAIL II, 
SMaRTE and ARINKA (Kolarctic). The  
descriptions of the European projects are given below.

ARINKA  
- Arctic Railway Infrastructure in Kolarctic 

Researchers: Matti Rantatalo (PL), Amir Garmabaki, Mattias Holmgren, Johan 
Odelius, Saad Ahmed Khan.

Sponsor/Grant: Kolactic

Objective: In 
the Kolarctic 
region, the 
railway plays an 
important role 
for freight trans-
port of minerals 
& ore, fish, gro-
cery, paper and 
timber. Travel 
with train in the Kolarctic region is also becoming increasingly popular among 
commuters and tourists. Generally, in Europe and the Kolarctic region, there 
is an expectation of a gradual increasing demand of transport capacity on the 
railway network. The Kolarctic region provides extremely challenging conditions 
for railway operation and maintenance. The ARINKA project´s main objective is 
to increase railway capacity in the Kolarctic region and to contribute to making 
railway network, operations and maintenance smarter, more sustainable and 
climate-proof.

Projects status and results: The ARINKA project aims to develop a cross-
border railway research and develop collaboration between parties from the 
different countries in the Kolarctic region. The main objective of the ARINKA 
project is to make the railway (and transport) in Kolarctic more reliable, sustain-
able and climate-proof under arctic or cold climate conditions, specifically by: 
n �Building competences and exchange railway know-how and best practice 

solutions to develop recommendations for upgrading existing railways to be 
able to increase the transport capacity.

n �Improved, new and more cost-effective maintenance and railway operations 
by giving recommendations on 
sensor and monitor setup for 
railway in Kolarctic for more effec-
tive railway operations.

Duration: 2018-2020

FR8RAIL II  
- Digitalization and Automation of Freight Rail

Researchers: Florian Thiery, Matti Rantatalo (PL), Johan Odelius
Sponsors: EU, H2020, SHIFT2RAIL, Trafikverket
Within the challenges highlighted in the IP5 part of the S2R Master Plan, 
FR8RAIL II further focuses on improving the freight eco system by ad-
dressing various challenges: New automatic couplers (1), provided with 
electrical and data transmission functionalities will massively improve the 
efficiency of the train composition process, new telematics and electrifica-
tion (2) will enable Condition Based Maintenance (CBM) by collecting, 
transmitting and using the necessary information while being supplied 
with the required energy by means of an advanced energy management 
system. 
Improved methods for annual and short-term timetable planning (3) will 
help traffic operators increasing the overall capacity and raise punctual-
ity and with Real-time network management (4), integrating medium to 
short-term and operational planning at yards/terminals and in the railway 
network, inefficiencies will be further reduced or even eliminated. 
Future freight wagon design (5) is a stream that will contribute in improv-
ing reliability of the freight transport while increasing the payload per 
meter of train. The latter one will be propelled by future main line electric 
freight locomotives featuring highly flexible freight propulsion (6) systems 
with reduced operational costs. Furthermore, these new freight trains will 
be propelled by more than one locomotive running with distributed power 
(7), thus allowing long freight trains up to 1,500 m. Last but not least, 
focus is given to driver advisory aystems that are connected (C-DAS) to 
the traffic management systems (8), further enhancing capacity, improving 
punctuality and optimize energy consumption of the railway system.
Summarizing, FR8RAIL II focuses on various facets of the freight eco sys-
tem with one goal: overall improvement and increase of competitiveness 
of the rail freight transport.
Status and results: Freight Condition Based Maintenance (CBM) will be 
enabled by the development of an intelligent wagon based on Telemat-
ics and Electrification and other sensors that measures the wagon or the 
cargo properties. The work has up till now has resulted in specification 
of the intelligent wagon and development of the subsystems as well as 
a specification of the integration of the telematics with the new wagon 
design including new wheels and axles. The future work will be focused 
on demonstrating the developed 
telematics architecture in real  
field tests.
Duration: 2018-2021
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IN2SMART  
- Intelligent Innovative Smart Maintenance  
of Assets by integRated Technologies

Researchers: Matti Rantatalo, Johan Odelius, Ramin Karim, 
Adithya Thaduri, Stephen Famurewa, Christer Stenström, Philip 
Tretten, Mattias Holmgren, Mustafa Aljumaili, Alireza Ahmadi

Sponsors: EU, H2020, SHIFT2RAIL, Trafikverket

Objective: IN2SMART represents the first project of the Shift2Rail 
members referring to the following
Technology Demonstrators (TDs) in the Multi Annual Action Plan: 

n �TD3.7 Railway Information Measuring and Monitoring System 
(RIMMS), 

n �TD3.6 Dynamic Railway Information Management System 
(DRIMS) and 

n �TD3.8 Intelligent Asset Management Strategies (IAMS). 

In the project, Luleå University of Technology acts as a linked third 
party to Trafikverket with the responsibility of performing research 
activities in the TDs. The TDs will deploy an overall concept for 
Intelligent Asset Management based on the following three main 
interlinked layers:

n �Measuring and Monitoring systems to collect data from the 
field related to the railway assets status: IN2SMART will develop 
unmanned systems for “remote” monitoring; track geometry, 
switches & crossings and signalling monitoring systems; in-
novative measurement of train parameters and wheel defects 
combined with rolling stock identifications systems.

n �Data management, data mining and data analytics procedures to 
process data from the field and from other sources: IN2SMART 
will develop standard open interfaces to access heterogene-
ous maintenance-related data; analytic tools to automatic 
detect anomalies, discover and describe maintenance workflow 
processes and predict railway assets decay towards prescriptive 
maintenance.

n �Degradation models and decision making tools to support 
maintenance strategies and execution: IN2SMART will lay the 
foundation of a generic framework for asset management and 
decision support process. This framework will specify the scope, 
objectives, workflow and outcomes of the decision-making 
process for maintenance interventions planning, and will be the 
enabler for the development of future decision support tools and 
systems. IN2SMART will also develop an optimised tamping tool 
and a robot platform for maintenance works. 

Duration: 2016-2019

IN2SMART II  
- Intelligent Innovative Smart Maintenance of Assets by integRated 
Technologies 2

Researchers: Matti Rantatalo, Johan Odelius, Ramin Karim, Adithya Thaduri, 
Stephen Famurewa, Christer Stenström, Philip Tretten, Mattias Holmgren, Mustafa 
Aljumaili, Alireza Ahmadi

Sponsors: EU, H2020, SHIFT2RAIL, Trafikverket

Asset management in the railway sector needs to improve significantly. This can be 
done through innovative technologies, new economic possibilities and enhanced 
legislative standards. With this in mind, the EU-funded IN2SMART2 project has 
formed a multi-action plan called the Intelligent Asset Maintenance Pillar to deliver 
innovative asset management. It aims to achieve this by creating new and optimised 
strategies, processes, tools, products and systems to implement enhanced risk-
based, prescriptive and holistic asset management. Focusing mainly on tactical and 
operational levels, the project’s plan will help to achieve a more efficient railway 
sector.

Objective: This project represents the continuation of the work initially carried 
out through the In2Rail “lighthouse project” and mainly through the work of the 
IN2SMART project. These projects form together part of the framework of research 
and innovation that will deliver the vision and strategy of Innovation Programme 3.

There is a demand for a step change in asset management to be delivered through 
innovative technologies, new economic possibilities, and enhanced legislative 
standards in the rail sector. As set-out in the S2R Multi-Annual Action Plan, the 
Intelligent Asset Maintenance Pillar is a driver to deliver innovative asset manage-
ment, meeting the best practice set out in ISO55000 in the railway sector. The 
Intelligent Asset Management Pillar is an accelerator creating new and optimised 
strategies, frameworks, processes and methodologies, tools, products and systems 
for the implementation of a step change in risk based, prescriptive and holistic asset 
management in the rail sector. 

A series of vertical TRL 6/7 demonstrators, covering all Asset Maintenance Pillar 
aspects, such as data collection (TD3.7), data analytics and interfaces (TD3.6), deci-
sion support and lean working methods (TD3.8), will be defined and demonstrated 
in relevant environment, spreading the innovation results throughout European main 
railway and metro/tram lines. The demonstrator’s scope of work in the majority of 
cases will be on asset management optimization at tactical and operational levels, 
with a few examples of strategical ones. Innovation potential of aspects such as the 
utilization of a digital twin and robotic automated platforms will also be investigated 
in some demonstrators. 

Coherence and uniformity will be guaranteed through a common system archi-
tecture and Conceptual Data Model usage, common validation approach and final 
integrated demonstrator, enabling a common monitoring solution collecting hetero-
geneous inputs from various vertical demonstrators.

Duration: 2019-2022
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IN2TRACK  
- Research into Enhanced Track, Switches and Structure

Researchers: Cosmin Popescu, Björn Täljsten, Lennart Elfgren

Sponsors: EU, H2020, SHIFT2RAIL, Trafikverket

Objective: The main objective of IN2TRACK project is to set the founda-
tions for a resilient, consistent, cost-efficient, high capacity European 
network by delivering important building blocks that unlock the innovation 
potential that have been identified as part of the Shift2Rail Innovation 
Programme 3.

The specific objectives of IN2TRACK are divided into three parts;

n �Enhancing and optimising the switch & crossings and track systems 
in order to ensure the optimal line usage and capacity;

n �Investigating novel ways of extending the life of bridges and tunnel 
assets through new approaches to maintaining, repairing and upgrad-
ing these structures;

n �Development and adoption of a holistic, whole system-approach.

A whole-system approach, which is defined as the system boundaries 
extending from dynamic wheel-rail interaction (loading input) through to 
degradation of the S&C system, sub-systems, individual components, 
and underlying track foundation, will also be at the heart of IN2TRACK 
on how to reach the objectives.

In the project, Luleå University of Technology acts as a linked third party 
to Trafikverket. The task is to work with inspection methods for  
bridges and field tests have  
been done on bridges on the  
Iron Ore Line.

Duration: 2016-2019

FR8RAIL  
- Development of Functional Requirements for Sustainable and 
Attractive European Rail Freight

Researchers: Matti Rantatalo

Sponsors: EU, H2020, SHIFT2RAIL, Trafikverket

Objective: The main aim of the FR8RAIL project is the development of 
functional requirements for sustainable and attractive European rail freight.

The objectives of the project are:
n �A 10 % reduction in the cost of freight transport measured by tonnes per 

Km,
n �A 20 % reduction in the time variations during dwelling, and
n �Increase attractiveness of logistic chains by making available 100 % of the 

rail freight transport information to logistic chain information systems.

The objectives of the FR8RAIL project will be achieved by developing a 
number of vital areas within freight rail.

There are six main areas of work that form the backbone of this project’s 
approach;

1. Business Analytics, KPIs, Top Level Requirements,
2. Condition Based and Predictive Maintenance,
3. Telematics & Electrification,
4. Running Gear, Core and Extended Market Wagon,
5. Automatic Coupling,
6. High level System Architecture and Integration.

In the project, Luleå University of Technology acts as a linked third party 
to Trafikverket. The task is to work with condition based and predictive 
maintenance.

Duration: 2016-2019

SMaRTE  
- Smart Maintenance and the Rail Traveller Experience

Researchers: Alireza Ahmadi (PL), Matti Rantatalo, Hussan Hamodi,  
Hamid Khajehei

Sponsors: EU, H2020, SHIFT2RAIL Joint Undertaking Consortium

Objective: SMaRTE will provide the methodology for implementation of a 
Condition Based Maintenance system appropriate for the railway. This will 
allow maintenance to be tailored around the actual remaining life of key 
components and will reduce costs and improve reliability and availability. 
Knowledge and experience from other sectors will be extracted and new 
scientific methods for handling data and setting up architectures and 
intelligent systems to process data will be developed; appropriate to the 
railway system. Case studies will be designed and carried out for two 
different but typical passenger railways and lessons learned will be used 
to improve the system definitions. The final result of the SMaRTE project 
will be a CBM system which works for passenger railways and will result in 
reduced system costs 
and improved system 
reliability. The final 
result of SMaRTE will 
be a set of quantified 
factors influencing 
rail usability, and 
recommendations on 
how to decrease the 
cognitive effort and 
onward mobility for 
rail journeys through 
a “Smart Journey 
Vision” and rail map of 
measures. 

Duration: 2018-2021

WP 1: Project management

WP 2 Smart  
Maintenance for  

Rolling Stock

WP 3 Human Factors: 
User centred planning 

and mobility

WP 4 Impact Assesement

WP 5: Dissemination

IN2TRACK II  
- Research into Enhanced Track, Switches and Structure 2

Researchers: Matti Rantatalo, Saad Ahmed Khan, Johan Odelius, Taoufik 
Najeh, Johan Odelius, Cosmin Popescu, Björn Täljsten, Lennart Elfgren

Sponsors: EU, H2020, SHIFT2RAIL, Trafikverket

Switches and crossings (S&Cs), more commonly known as ‘turnouts’, are 
vital components in railway networks, allowing trains to switch between 
tracks. The EU-funded IN2TRACK2 project is working on three sub-projects 
related to S&C, track system, and bridge and tunnel infrastructure. As 
regards the S&C, it is devising a new system to boost railway performance. 
Researchers will also investigate track construction and study new methods 
for repairing and maintaining bridge and tunnel infrastructure. The project 
aims to reduce costs, increase safety, and improve railway transport in 
Europe for passengers – making rail a reliable, punctual and economical 
choice of transport.

Within the project JVTC has been involved in three different areas. The first 
is related to RAMS analysis of rail grinding. Rail grinding is one of the large 
cost drivers of railway maintenance and by adopting a RAMS perspective 
to the maintenance process a more optimal grinding strategy could be 
implemented. The second area is related to top-of-rail lubrication in the 
context of wheel rail noise reduction. The work has mainly been focused on 
the analysis of the spread distance of the friction modifier substance. This 
to evaluate the possibility of lubricating larger areas with multiple tracks like 
a shunting yard with a single lubrication unit. The third work deals with the 
evaluation of bridge vibrations by the use of accelerometer measurements 
from in-service trains. 

Duration: 2018-2021
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PROJECTS 2019
Research 

R&I projects in progress within JVTC related to maintenance and the railway system.

Effects of top-of-rail friction modifiers on the  
friction, wear and cracks of railway rails
Sponsor: Trafikverket/JVTC

Researchers: Saad Ahmed Khan (PhD candidate), Jan Lundberg (PL), 
Christer Stenström, Matti Rantatalo

Goal: Deliver new knowledge to Trafikverket and LKAB, so they are able 
to conclude if and how the implementation of the Top of Rail lubrication 
system will result in net savings and other possible advantages for rail 
and wheel, respectively.

Projects status and results: Naturally Trafikverket want to prolong 
the lifetime of rails as much as possible. One methods to do this is by 
lubricating the the top of the rail with friction modifier (TOR-FM). A fric-
tion modifier is a sort of lubricant which by the suppliers are argued to 
ensure that the friction will not be too low (which can cause unacceptable 
braking distances) and at the same time will reduce both cracks and 
wear. Also the supplier argues that not much TOR is needed and that the 
carrying distance is long enough from economical point of view. However, 
the experiences from other places over the whole world using TOR-FM 
differs a lot, which was the motivation for the present project. Thus the   
overall goal was formulated to deliver new knowledge to Trafikverket and 
LKAB, so they are able to conclude if and how the implementation of the 
Top of Rail lubrication system will result in net savings and other possible 
advantages for rail and wheel, respectively. In order to solve this goal a 
comprehensive field test was conducted as well as theoretical simulations 
in GENSYS software and friction and wear test in CBM Lab. The most im-
portant results are that the potential for TOR-FM to reduce both wear and 
cracks are substantial, but way side TOR equipment is not recommended 
since the total costs due to maintenance issues of these equipment will 
be too high. Mobil TOR-FM equipment on locomotives seems to be a 
much better solution from LCC point of view. Also the performance of 
different types of TOR-FM shows large variations, for instance too short 
carrying distance or uneven friction characteristics. The main conclusions 
are:
n �Way side TOR equipment is not recommended
n �TOR-FM show an impressive potential to reduce both wear and cracks 

on rail
n �Mobile TOR-FM equipment on locomotives should be investigated 

further and a sort of Win-Win agreement between Trafikverket and 
operators should be discussed

n �Be sure to use the correct type of TOR-FM
n �A new friction and wear measurement device for railway has been 

patented: Pat nr SE 540 066 C2 
 
Duration: 2015-2019

Figure 1. Top-left: GENSYS simulation results, Top-Right: Field-tests, Bottom-Left: CBM Lab tests
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RAMS modeling and simulation at system level

Researchers: Hamid Khajehei (PhD candidate), Alireza Ahmadi (PL), 
Uday Kumar

Sponsor: Trafikverket/JVTC

Goal: The aim is to propose an OM-based tamping schedule which 
minimizes the total maintenance costs and the number of corrective 
tamping actions due to the occurrence of isolated defects in a given 
time horizon.

Projects status and results: Railway track geometry subjects to 
continuous degradation over time and deviates from the designed ver-
tical and horizontal alignments due to different factors, e.g. repetitive 
dynamic track loads and environmental conditions. 

Tamping is the most applied maintenance action to remedy a degraded 
track geometry and it is essential to maintain the safety and reliability 
of the track in a desirable level. Tamping can be either corrective or 
preventive. Corrective tamping is unscheduled and is generally carried 
out on a short length of track, mainly using lightweight machines. 
Preventive tamping, on the other hand, is planned and scheduled and 
is cheaper than corrective tamping precisely because it is pre-planned 
and does not affect the service operation. A proper preventive tamping 
schedule will keep the railway track in the health condition under the 
various risky factors and reduce the risk of unexpected events.

In preventive tamping scheduling, a challenge which need to be 
addressed is to accurately estimate the maintenance needs in the 
available maintenance windows and to determine which maintenance 
window need to be used and on which track sections need to be 
tamped on the selected maintenance window. 

We use both standard deviation of longitudinal level and extreme 
values of geometry defects to characterize track geometry degradation. 

Figure 1. The procedure for achieving an optimal tamping schedule 

 

Figure 2. a) Preliminary tamping schedule without grouping, b) group maintenance activities 
achieved by tamping postponement and c) group maintenance activities achieved by earlier 
tamping

An exponential model and a binary logistic regression model are used 
to predict track geometry degradation and to estimate the probability of 
the occurrence of isolated defects.

In order to achieve an optimal schedule for track geometry tamping, 
an optimization approach has been developed,   illustrated in Figure 1, 
which includes two major steps, i.e. the initial step and the optimization 
step. In the initial step, the maintenance needs are estimated in each 
maintenance window by means of degradation models. 

In the next step, the tamping schedule is optimized with respect to an 
objective function along with a set of constraints. 

To optimize the tamping schedule, it is important to implement op-
portunistic maintenance (OM). OM can be applied by grouping tamping 
activities. The grouping of tamping activities is achieved by shifting 
maintenance activities to a date later or earlier than pre-planned based 
on different criteria as shown in Figure 2. As can be seen in this figure, 
shifting the tamping on track section 2 from the first maintenance 
window to the second maintenance window will reduce the unused life 
of track section, but will increase the risk of unexpected events (see 
Figure 2b). On the other hand, shifting the tamping of track section 3 
from the second maintenance window to the first maintenance window 
will reduce the risk of unexpected events, but will increase the unused 
life of the track section due to the earlier performance of tamping (see 
Figure 2c). Therefore, is it important to consider the unused life of track 
sections due to the earlier performance of tamping and the risk of 
unexpected events in the model. 

Finally, a genetic algorithm has been used to provide an optimal solu-
tion to the problem. 

Duration: 2017-2021
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Non-destructive Testing of Near-Surface  
Defect in Railhead

Researchers: Rayendra Anandika (PhD candidate), Jan Lundberg (PL), 
Matti Rantatalo

Sponsor: Trafikverket/JVTC

Goal: To develop an accurate condition monitoring tools to be a decision 
support for rail track maintenance actions.

Projects status and results: Phased array ultrasonic testing (PAUT) 
has been successfully used to detect near-surface crack in railhead. By 
its inspection results, the cracks can be observed deeply. Crack profiles, 
crack tip depth and crack length can be estimated with high accuracy, 
for instance the absolute error measurement of a crack with tip depth of 
3.51 mm is 0.8-18%.

The measurement was verified by comparing the PAUT results with 
crack images gotten from slicing the inspected railhead. Figure 1 and 2 
show an example of comparisons. From the figure, crack profile, crack 
tip depth and crack length can be observed. Due to diffuse scattering, 
PAUT cannot show an exact value of tip depth. The scattered signals are 
relatively high so that the crack tip signals are in a range of depth. In this 
case, the depth range is 3.23-4.14 mm, while the real depth is 3.51 
mm.

Regarding this intense scattered signals, further post-processing of the 
signals may decrease the scattering and thus increase the measure-
ment accuracy. This idea will be taken into account for the next step. 
Besides that, the capability of PAUT to detect vertical cracks will also be 
investigated.  

Duration: 2017-2021

Figure 2. Cross-sectional view of the inspected crack profile (the scanned crack in Figure 1).

Figure 1. PAUT result on inspecting a crack profile.

Equality and diversity in the rail industry.  
Current situation analysis and future  
recommendations 2020.

Researchers: Kristina Johansson (PL)

Sponsor: Nordic Infracenter

Goal: To obtain facts about the current situation and to find out what the 
industry wants it to look like in the future. 

Project status and results: Collecting information on the number of 
women and employees with foreign background is one of the tasks. 
Equally important is sharing stories about what it’s like to work in a  
male-dominated industry. How do women and people with foreign  
background experience their situation? Do they feel that gender and  
ethnicity matter? The study will focus on 12-15 small and large  
companies, operating around the country and in different parts of  
the industry. The results of the study will be presented in October.

Duration: 2019-2020

Effects on increased axle load for  
heavy freight trains 

Sponsor: LKAB

Researchers: Thomas Nordmark (PhD candidate), Jan Lundberg (PL)

Goal: To deliver and understand the dependence between maintenance 
costs and axial load for heavy loaded cargo trains.

Project status and results: LKAB uses IORE electrical locomotives 
to haul their heavy haul trains. During a period of 5 years from 2006, 
the wheel life started to decrease because of increased rolling contact 
fatigue (RCF), dropping to around a third of its original life length. During 
this time period there were a lot of operational changes which included; 
introduction of new ore wagons, longer and heavier trains, increase of 
axle load on both the locomotives and wagons from 25 to 30 tonnes and 
an upgrade of the infrastructure. A series of actions were undertaken by 
LKAB from 2009 to 2017 to try to restore the wheel life length. These 
actions included field tests with a revised wheel profile, a new improved 
wheel steel grade and a combination of revised profile and improved 
steel grade, limitation of electro dynamic braking and lowering the axle 
load. The project has presented and analysed the results from the differ-
ent actions tested in the field on the iron ore line Malmbanan. The most 
important finding is that an improved steel grade will not give any benefit 
if not the wheel profile is optimised first. The present wheel life length 
has increased from 250 000 to 595 000 km for locomotives with revised 
wheel profile and an improved steel grade. 

Duration: 2014 – 2020
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Figure 5. A comparison of simulation results of lateral settlement and results presented in 
(Chen et al. 2015) (vertical axes is the number of walls and the horizontal axes is the lateral 
settlement of each wall in mm).

Chen, Cheng, Buddhima Indraratna, Glenn McDowell, and Cholachat Rujikiatkamjorn. 
2015. “Discrete Element Modelling of Lateral Displacement of a Granular Assembly under 
Cyclic Loading.” Computers and Geotechnics 69: 474–84. https://doi.org/10.1016/j.
compgeo.2015.06.006.

Itasca Consulting Group, Inc. (2018) PFC — Particle Flow Code, Ver. 6.0. Minneapolis: Itasca

Figure 1. Simulated domain in PFC3D.

Framework Railway asset maintenance  
management and information logistics 
Researchers: Elahe Talebiahooie (PhD candidate), Matti Rantatalo (PL)

Sponsor: Trafikverket/JVTC

Goal: proposing a physics based framework to predict ballast degrada-
tion.

Project status and results: Ballast layer has an important role in 
transmission of stress from train passage on the rail to the forma-
tion and its rate of degradation effects the derailment risk which is 
controlled with maintenance of the track. This degradation is a function 
of parameters such as properties of the ballast particles, weather con-
dition, sub ballast, subgrade and sub soil condition, loading condition 
which is a function of speed of the train and the axle load and some 
other parameters. Both the data driven methods and physics based 
methods used for prediction of ballast degradation. In this project phys-
ics based method selected to simulate ballast degradation. 

Finite element method has been widely used to model the ballast 
domain, but with improves in the computational power, discrete ele-
ment method is becoming more popular. Ballast is a granular domain 
and with DEM we can monitor micro-dynamics of the particles and 
non-homogeneous domain properties such as stiffness, strain and 
damping ratio. 

PFC3D used to simulate the 1000 cycles of vertical stress on a section 
of sleeper under rail (Figure 1) with the frequency of 20 HZ, the stress 
is between 50 and 460 Kpa (Figure 3). The ballast vertical settlement 
(Figure 4) and lateral settlement (Figure 5) monitored during the load-
ing. In this simulation, ballast breakage did not take into consideration 
and the settlements are just the result of particle rearrangement. This 
simulation performed in order to verify our model based on the data 
provided in (Chen et al. 2015). 

Next step of the project is considering the stiffness of subgrade and 
ballast shape and breakage on the settlement and stiffness changes of 
ballast layer under realistic loading. 

Duration: 2017-2021

Figure 2. A sample of particle which used as 
a representative of ballast particles (Chen 
et al. 2015).

Figure 3. A comparison between the input stress and measured stress during 
the simulation, which are completely matched each other.

Figure 4.  A comparison of vertical settlement of sleeper with the results presented in (Chen 
et al. 2015) (lateral settlement of sleeper in mm).
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Anomaly detection and system diagnostics 

Researchers: Praneeth Chandran (PhD candidate),  
Matti Rantatalo (PL)

Sponsor: Trafikverket/JVTC

Objective: The goal is to develop a train based system for monitoring 
track defects and rail track components. 

Project status and results: This Project will use the concept of Eddy 
current based inspection method, that can overcome the major chal-
lenges mentioned above. The main goal of this project is to develop a 
train based system for monitoring track defects and rail track compo-
nents by anomaly detection in the modulated magnetic field, generated 
and measured by a differential eddy current sensor. The sensor used to 
detect the fasteners utilizes the eddy current principle, where a varying 
magnetic field is created over a conducting material for two different 
excitation frequencies of 18 kHz and 27 kHz. This varying magnetic 
field induces local circular currents called Eddy currents on the surface 
of the material, which in turn creates an opposing magnetic field, 
which are picked up by receiver coils within the sensor. The eddy cur-
rents generated on the surface of the material are dependent on the 
conductivity (μ), permeability (σ) and the geometric form of the material. 
The pickup coils are differentially coupled, which implies sensitivity only 
to changes in generated eddy currents in rail and vicinity, not any ab-
solute value can be detected. To investigate the possibility of detecting 
fasteners, the sensor was mounted 65mm above the railhead on a trol-
ley system and was pushed along the track. Different measurements 
were conducted along the railway track with healthy track sections with 
intact E-clip fasteners and were compared with measurements of a 
track with missing clamps.

  

Figure 1: Time signal a) 18kHz b) 27kHz for healthy track with all fasteners intact

Predictive analytics for degrading infrastructure

Researchers: Ravdeep Kour (PhD candidate), Ramin Karim (PL)

Sponsor: Trafikverket/JVTC

Goal: The goal of this research is to develop a holistic cybersecurity 
framework for the railway to enhance cybersecurity maturity and to 
deliver threat intelligence for making effective decisions for present and 
future cyber threats.

Project status and Results: The convergence of Information Technol-
ogy (IT) and Operational Technology (OT) and the associated paradigm 
shift toward Industry 4.0 in complex systems, such as railways has 
brought significant benefits in reliability, maintainability, operational 
efficiency, capacity as well as improvements in passenger experience. 
However, with the adoption of new information and communications 
technologies (ICT) in railway operation and maintenance, the vulnerabil-
ity to cyber threats has also increased. It is essential that organizations 
should move towards security analytics and automation to improve 
and prevent security breaches and to quickly identify and respond 
to security events. The objective of this research is to evaluate and 
estimate the cybersecurity maturity level in railways and to develop a 
holistic cybersecurity framework to minimize the risk of cyber threats. 
Figure 1 shows the result of current level of cybersecurity maturity in 
ten domains of railways. The proposed framework will assist the railway 
industry in minimizing losses in terms of cascading effects, resulting 
in adverse impacts on railway facility, services, sensitive information, 
economy, decision-making, productive time, reliability, maintainability, 
availability, and overall dependability of the system. 

Duration: 2017-2020

Figure 1.  Cybersecurity maturity levels in railways.
Figure 1 shows the time signal of the measurement carried out for a 
healthy track over 33 sleepers. Individual clamps are easily distinguish-
able from both 18 kHz and 27 kHz plots. The zero crossing in the signal 
from the positive to negative values indicates the center positioning of 
the fastening system for each sleeper. 

It can be concluded that the sensor can detect fastener signatures 
from a distance of 65mm above the railhead. Furthermore, the study 
shows that missing clamps can be detected by analyzing the fastener 
signatures. The future scope in this study involves quantification of rail 
defects and developing efficient condition monitoring techniques with 
the aid of machine learning techniques to detect and predict faults 
from big data.  

Duration: 2017-2021
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eMaintenance Solution for Enhanced Asset  
Management in Railway - Using Industrial AI 

Researchers: Jaya Kumari (PhD candidate), Ramin Karim (PL), Miguel 
Castano

Sponsor: Trafikverket/JVTC

Goal: Develop AI solutions for the maintenance of Railways

Project status and Results: The project aims to streamline and opti-
mize asset management and rail maintenance, with a focus on railway 
infrastructure. From an academic perspective, the project will explore 
and investigate how technologies and methodologies in the so-called. 
'Industrial Artificial Intelligence (IAI)', incl. deep learning, can be used 
to develop eMaintenance solutions that help to improve TAK, eng. OEE 
and streamline the infrastructure management of railway infrastructure.

The project builds on previous research results and obtained research 
findings carried out in the eMaintenance research area at Luleå 
University of Technology. The eMaintenance research aims to enable 
and facilitate complex data analyzes in the operation and maintenance 
process.

This project will aim to design frameworks, approaches, technolo-
gies and methodologies based on 'Industrial AI' that contribute to 
fact-based decision support in operation and maintenance of railway 
infrastructure.

The project are performing a state of the art literature survey and state 
of the art review in the field of Railway infrastructure, Artificial intel-
ligence and Machine Learning methodologies.

Duration: 2019-2023

Industrial AI for Prognostics and Health  
Management of Railway Systems
Researchers: Yang Zhu (PhD candidate), Ramin Karim (PL), Miguel 
Castano

Sponsor: Trafikverket/JVTC

Goal: To design 'Industrial AI' based algorithms to perform fact-based deci-
sion support in the operation and maintenance of railway infrastructure.

Project status and Results: The project builds on previous research 
results and obtained research findings carried out in the research area 
eMaintenance and PHM, at Luleå University of Technology. The eMainte-
nance research aims to enable and facilitate complex data analyzes in the 
operation and maintenance process.

The project aims to design frameworks, approaches, technologies and 
methodologies based on 'Industrial AI' that contribute to fact-based deci-
sion support in operation and maintenance of railway infrastructure.

Objective1: Investigate, identify, map and describe challenges and opportu-
nities in the field of IAI-based eMaintenance solutions. (Type: Publication) 

Objective 2: Design a suitable framework through which appropriate 
approaches, technologies and methodologies can be selected. (Type: 
Publication) 

Objective 3: Designing models for data analysis (Type: SW) 

Objective 4: Developing demonstrator for verification of proposed concepts 
and models (Type: SW and HW)

The methods and concepts on which the project will be based are: Asset 
Management, eMaintenance, Industrial AI, Machine Learning & Deep 
Learning and Distributed Computing (Cloud & Edge).

Duration: 2019-2023

AI Factory Railway
Researchers: Ramin Karim (PL), Miguel 
Castano, Veronica Jägare, Jaya Kumari, Yang 
Zhu, Cecilia Glover

Sponsor: Vinnova, JVTC, Trafikverket, Asso-
ciation of Swedish Train Operating Companies, 
Infranord, Norrtåg, Alstom, Bombardier, Damill, 
Omicold, Sweco, Transitio

Goal: AIF/R’s goal is to create value for its 
stakeholders via establishment of a reliable 
and resilient platform for data sharing and 

analytics. The platform consists of a set of 
services and governing structures which 
enables railway stakeholders, nationally and 
internationally, to provide and consume data 
and services securely.

Project status and Results: The ongoing 
digitalisation and implementation of AI-
technologies in railway is highly dependent 
on availability and accessibility of data for a 
geographically distributed system. AIF/R is 
facilitating this by providing a platform for 
data sharing. AIF/R is a set of smart cloud/

edge-based data services that are aimed to 
accelerate digitalisation in railway. AIF/R’s ser-
vices provide capabilities such as acquisition, 
integration, transformation, and processing 
of railway related data across endpoints, e.g. 
authorities, industries, academia, and SME:s. 
AIF/R’s integrated services can be invoked on-
premises or in multiple cloud-based environ-
ments. AIF/R architecture is built on loosely 
coupled storage and computing services, see 
Figure 1.

Duration: 2019-2022
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Reduction of shortcut in railway insulation joints
Researchers: Jan Lundberg (PL)

Sponsor: Trafikverket

Goal: To evaluate the state of art, find root causes and suggest some initial 
possible solutions to reduce shortcut in railway insulation joints as well as 
suggest future work in this area

Project status and results: In the present feasibility study, to date, 
research status and the state of the art in the form of different variants on 
insulation joints have been mapped. Examples of important conclusions 
are that TRV should perform tests with the insulating joints placed midway 
between the sleepers instead of asymmetrically, which is the case today in 
Sweden and that the  insulating end plates should be as thin as possible 
and with an E module as close as the E module for steel. Other examples 
of conclusions are that there are an enormous number of possible variants 
of insulation joints that should be evaluated from all angles. The present 
feasibility study also includes a company that is prepared to develop 
improved insulation joints based on the knowledge gained in this study and 
in possible future projects. In addition, according to requests from TRV, a 
survey have been developed to evaluate perceptions among experienced 
signal, welding and track techniques regarding their views on how the 
shortcut problems in the insulation joints can be reduced. The analysis 
results of this survey will be delivered to TRV in a separate report. Figure 1 
below shows an example of a typical insulating joint.

 

Robust infrastructure – Adapting railway  
maintenance to climate change (CliMaint)
Researchers: Amir Garmabaki (PL), Adithya Thaduri, Johan Odelius; 
Stephen Mayowa Famurewa, Janet Lin, Veronica Jägare

Sponsor: Vinnova, Trafikverket, SMHI, Infranord, Transportstyrelsen, Sweco 
Rail AB, JVTC and Luleå Kommun

Objective: The aim of CliMaint is to ensure robust and reliable railway 
infrastructure by maintenance adaptation to climate change. The objective 
of the project is to reduce future disturbances due to extreme climate con-
ditions by effective maintenance program. The objective will be achieved 
by utilizing RAMS methodology and integrating infrastructure degradation 
modelling with metrological and satellite information. 

CliMaint addresses the following targets: 
n �Better understanding of the mechanism and causal relationship between 

climate parameters and infrastructure conditions, 
n �Development of theoretical models for integrating meteorological data 

into the maintenance process of the railway, 
n �Implementing and planning of new maintenance solutions for transport 

infrastructure in order to improve reliability and cost-effectiveness of 
future investments. 

More detailed information in the CliMaint webpage: www.ltu.se\climaint.

Duration: 2019-2022

DigiSwitch: Digitalized railway switches  
for the future
Researchers: Jan Lundberg (PL), Taoufik Najeh, Miguel Castano, Veronica 
Jägare

Sponsor: Formas, Bombardier, Trafikverket, Infranord

Goal: To develop a full-scale demonstrator, which show that it is possible 
to correlate the real wear state of S & C to measured vibrations on for 
instance the point machine.

Project status and results: So far, a test site consisting of a full scale 
S & C with a Bombardier electro mechanical point machine are realized 
at LTU (CBM Lab).  A boggi, which is driven by electrical winches in all 
directions, is assembled at the test site. In addition, some initial vibration 
measurements have been performed.

Pictures of the CBM test site is showed below:

                                   

DigiSwitch:	Digitalized	railway	switches	for	the	future	

Project	leader:	Jan	Lundberg	

Researchers:	Jan	Lundberg,	Taoufik	Najeh,	Miguel	Castano,	Veronica	Jägare	

Project	sponsor:	Formas,	Bombardier,	TRV,	Infranord	

Project	period:	2019-10-01---2021-10-01	

Goal:	To	develop	a	full-scale	demonstrator,	which	show	that	it	is	possible	to	correlate	the	real	wear	
state	of	S	&	C	to	measured	vibrations	on	for	instance	the	point	machine.	

	

Project	status	and	results	

So	far,	a	test	site	consisting	of	a	full	scale	S	&	C	with	a	Bombardier	electro	mechanical	point	machine	
are	realized	at	LTU	(CBM	Lab).		A	boggi,	which	is	driven	by	electrical	winches	in	all	directions,	is	
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Fig 2. Complete test site  

Fig.3 Electrical controlling   Fig. 4 Bombardier point machine

Fig. 5 Accelerometer position Fig. 6 Inside of point machine
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Fig. 9 Accelerometer set up Fig. 10 Pilot test results

Figure 1. Example of an insulation joint (from TRV TDOK 2014:0083).
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and a 5th study on the different cognition modes and cognition continuum 
in maintenance. Third question was answered by developing a collabora-
tive framework and modeling decision support based on collaborative 
distributed awareness (CDA). Based on these models, two use cases are 
presented, in connection to decision support.  One use case presents how 
SA interventions can help overcoming the upcoming challenges in railway 
maintenance such as making sense of heterogeneous data, increasing 
need for context awareness, and retaining the experts’ domain knowledge 
(figure showing a part of these interventions). The second case study rec-
ommends technological improvements needed in the Augmented Reality 
based maintenance decision support. 

Conclusions: 1). SA interventions can help leverage the accuracy of expert 
judgements in maintenance. Main contribution of SA here is that it can 
employ more reflexive thinking. 2). SA interventions can help overcome 
the limited implicit learning opportunities in future maintenance systems. 
Although SA research has largely focused on employing explicit aware-
ness, this study suggested novel ways to promote implicit awareness. 
3). SA interventions can help collaboration of the human awareness with 
intelligent systems. 

Duration: 2017-2020

Train Based Differential Eddy Current Sensor  
System for Rail Fastener Detection
Researchers: Praneeth Chandran, Matti Rantatalo, Johan Odelius, Uday 
Kumar, Jan Lundberg

Sponsor: Trafikverket/JVTC, INFRASWEDEN, IN2SMART

Objective: In view of mobilisation and transportation of people and com-
modity, rail transportation plays a significant role. In addition, it forms a ma-
jor contributing factor in economic and industrial development of a nation. 
The railway infrastructure has a huge investment and with approximately 
€15-25 billion per year spent on railway asset maintenance, maintenance 
managers are striving to cut maintenance costs through effective condition 
based maintenance. Often railway track issues are responsible for nearly 
half of all delays to passenger, mainly due to the downtime arising from 
railway track maintenance and renewal of network. With the extension of 
high-speed railway network, the major challenge lies in reducing these 
operation and maintenance costs while augmenting the capacity of the rail 
network. In order to lower maintenance costs, enhance safety and increase 
track capacity, railroad companies are laying more emphasis on substituting 
the current manual inspection process with automatic inspection system 
for more efficient, effective and objective inspections. Machine vision 
has been gradually adopted by the railway industry as a track inspection 
technology, however these automated visual inspection techniques are 
relatively an expensive technique to carry out. Automated visual inspec-
tion becomes a challenge when, the rail and the fasteners is obscured 
due to dust coverage, surface erosion, rusting or covered under snow or 
other debris. Further, visual based sensors are found difficult to mount and 
maintain on an in-service trains as they are integrated in the operation and 

Situation Awareness (SA) in  
maintenance intervention 
Researchers: Prasanna Illankoon (PhD candidate), Uday Kumar, Phillip 
Tretten (PL)  

Sponsor: Trafikverket/JVTC

Goal: The overall goal of this project is to explore and describe the 
importance of SA in maintenance and to recommend how to develop and 
provide better SA for intelligent maintenance systems. Project answers 
three questions: Why is SA important in maintenance? Why will develop-
ing SA be more challenging in future maintenance systems How can SA 
requirements be met to facilitate maintenance actions in the future? The 
main methodology used in the project is Cognitive Task Analysis. It involves 
Semi structured interviews, participatory observations, focus groups and 
case studies.

Project Status and Results: Answering the first research question, four 
studies identify provisions for subtle and overt cues for anomaly detection; 
comprehension and projection challenges of energy isolation (Lockout-tag 
out); SA for maintenance compliance; and SA for judgmental accuracy. 
Second research question was partially answered by above four studies 

effected by brightness fluctuation and motion blurring during the travel. 
Therefore, an effective and sophisticated alternative approach for fastener 
inspection needs to be explored. This Project will use the concept of Eddy 
current based inspection method, that can overcome the major challenges 
mentioned above. The main goal of this project is to develop a train based 
system for monitoring track defects and rail track components by anomaly 
detection in the modulated magnetic field, generated and measured by a 
differential eddy current sensor. The following figure shows the field test 
pattern carried out to detect missing clamps within a fastener signature. 
The clamp was removed, from the outer part of the rail at the 20th sleeper, 
from the inner part at 25th sleeper and from both inner and outer part at 
the 30th sleeper, after the start of the measurement.

Individual fastener signature are easily distinguishable from the above time 
signal. The fastener signature shows a drop in amplitude at those positions 
where the clamps were missing from the fastener. When both clamps are 
missing from the fastener, the amplitude of the fastener signature drops 
by approximately 41% from that of a fastener with intact clamps. Time 
domain features were selected based on the knowledge of how a missing 
clamp will affect the measurement signal. A reduction in metallic material 
will reduce the induced current and hence the amplitude of the return field. 
A reduction of RMS values shows a correlation with the absence of one 
or two clamps from a fastener system for all measurement sequences 
generated.

Duration: 2017-2021
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A framework for implementing maintenance-related innovations  
and driving change in a digitalised railway 

Researchers: Veronica Jägare (PhD candidate), Jan Lundberg (PL)

Sponsor: Trafikverket/JVTC

Goal: To develop a framework for implementing maintenance-related innovations and driving change in 
a digitalised railway.

Projects status and results: Railway is experiencing a major technological transformation, triggered 
by the implementation of digital technology. This technological transformation affects not only the tech-
nical systems, but also regulations, organisations, processes, and individuals. This project will propose a 
framework for railway digitalisation based on a holistic change management approach. The framework 
can be utilised in a railway context to ensure risk control in digitalisation.

In order to contribute to a greater understanding of the challenges that implementation of innovations 
within operation and maintenance of the railway system offers, the factors affecting implementation has 
been investigated and a knowledge based decision support model provided, taking into account multiple 
stakeholders. An effective method for evaluating and implementing new ways of working that will make 
use of maintenance-related innovations are being developed. 

Duration: 2014-2021

RAMS/LCC for railway track geometry 
Sponsor: Trafikverket

Researchers: Iman Soleimanmeigouni, Alireza Ahmadi (PL)

Goal: The goal of this project is to develop an integrated data driven meth-
odology to support railway track geometry maintenance decision making.

The goal of railway infrastructure managers is to keep the RAMS param-
eters of railway system within acceptable limits at lowest possible cost. 
An efficient an effective way of achieving this goal is to employ applicable 
and effective maintenance strategy. The aim of this project is to develop 
an integrated data driven methodology to support maintenance decision 
making. Obviously, prediction of track geometry degradation and effective-
ness of tamping recovery are the key inputs for RAMS assessment of track 
(see Fig. 1). In addition, isolated defects must be considered as they are 
the driving factors for safety of railway operation (see Fig 2).  In this regard, 
track geometry degradation, isolated defect, and tamping effectiveness 
are modelled and integrated for long term prediction of track geometry 
condition over a track line. The developed model will be used to predict and 
simulate track geometry behaviour and to evaluate RAMS parameters by 
adopting different maintenance plans. This will enable infrastructure man-
agers to compare different maintenance plans with respect to the RAMS 
and LCC parameters and to find the optimal maintenance plan (see Fig. 3). 

Duration: 2014-2019

Figure 2. An example of isolated defects in longitudinal level

Selection of track quality index

Track geometry  
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Figure 1. Heat map of TQI over a track line 

Figure 3. Flowchart for implantation of optimal track geometry maintenance plan
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Simulation of railway track geometry and intelligent 
maintenance planning SIMTRACK
Researchers: Alireza Ahmadi (PL), Arne Nissen (PL Trafikverket), Adithya 
Thaduri, Iman Soleimanmeigouni, Hamid Khajei

Sponsor: BVFF, JVTC and INF

Goal: SIMTRACK will facilitate a simulation-based platform that enables 
development of tools, methodologies and techniques for the optimization of 
track geometry maintenance planning.

Project Status and Results: Railways are currently experiencing higher 
demands on infrastructure performance, capacity and service quality. As 
a result, higher level of resilience against failure, robustness and avail-
ability at reduced cost of the infrastructure are expected. This necessitates 
development and implementation of an applicable and effective main-
tenance program to control the degradation of track and to restore the 
damaged track to an operational state, at lowest possible risk and life cycle 
cost.  SIMTRACK, will facilitate a simulation-based platform that enables 
development of tools, methodologies and techniques for the optimization 
of track geometry maintenance planning and scheduling and realisation 
of efficient and effective execution of geometry interventions e.g, tamping. 
These will provide a basis to predict track geometry evolution, analyse the 
risk of failures and forecast maintenance activities as well as renewal in-
vestment requirements. The results will enhance safety, maximize capacity 
utilization, and lead to an efficient and cost effective maintenance program. 
SIMTRACK is structured into 6 work packages. WP1 deals with the project 
management. WP2 presents the industrial scenarios, specifications and 
requirements that provide inputs to WP3 to WP5 respectively defined as 
predictive modelling and analytics, track maintenance optimization and 
decision support system and, absolute track geometry condition evaluation 
for maintenance intervention. WP6 deals with dissemination and exploita-
tion, is devoted for formulating comprehensive plans for results assimilation 
by the partners and set the ground for the exploitation. 

Duration: 2017-2020

Figure 1. Description of WPs and interrelationship

Testbed Railway
Researchers: Veronica Jägare, LTU (PL); Ramin Karim, LTU; Ulla Juntti, 
Omicold; Per Norrbin, Birre Nyström, Caroline Hägglund, Sweco; Micael 
Lindgren, Tyréns; Dan Larsson, Damill; Bengt Jonsson, Predge; Peter 
Söderholm, Trafikverket.

Sponsor: Trafikverket/JVTC

Goal: To strengthen the railway industry's adaptability and competitiveness 
by developing and providing a so-called test bed for research and innova-
tion in the rail industry, nationally and internationally. The project operates 
the research station in Sävast and collects data from various stationary and 
mobile measurement sites for eMaintenance LAB. The project is develop-
ing a methodology for testing and validation in a testbed environment and 
analyses the conditions for implementing innovations. 

Duration: 2017-2020

Harmonisation of asset management definitions 
and data quality assurance in rail transport

Researcher: Christer Stenström (PL)

Sponsor: Trafikverket FUD

Goal: The objective is to harmonise Swedish-English asset manage-
ment definitions and to apply SCB’s (Statistics Sweden) data quality 
framework on maintenance records of the Swedish rail infrastructure.

Project status and results: The project aims to harmonise Swedish-
English asset management definitions and to assess operation and 
maintenance data quality within rail transportation. A prestudy was car-
ried out on maintenance records of Trafikverket, to assess the benefit 
of maintenance inspections in terms of avoided failures in rail infra-
structure. Results were positive, but due to uncertainties in data quality, 
the proposed method could not be recommended for implementation. 
Data quality issues concerned data bases, terminology usage and work 
order processes. With improved data quality control, data analysis and 
decision making processes can become more effective, which brings 
us to the project aim as stated above. The work includes SCB and 
Eurostat data quality frameworks.

Duration: 2016 – 2019

Figure 1. Illustration of asset management.

Statistically based maintenance planning for railway
Sponsor: Trafikverket/JVTC

Researchers: Bjarne Bergquist (PL), Mahdieh Sedghi (PhD candidate), 
Peter Söderholm

Objective: For corrective and preventive time-based maintenance to 
be replaced by condition-based maintenance, methods of analysis and 
modeling that are suitable for the collected condition data and the quality 
of the data have to be adequate. However, research shows that statisti-
cal assumptions are rarely fulfilled and analytical methods are dubious, 
which may lead to bad and directly wrong decision making. In this project, 
we intend to study the robustness of existing models when the data do 
not meet the underlying statistical assumptions. We will explore statistical 
methods such as regression methods and methods derived from signal 
processing, such as Kalman filters. We pay special attention to dependen-
cies between variables and observations, but we also study the effects of 
unfulfilled distribution assumptions. The project has produced results about 
the appearance of the distributions and correlation structures. The project 
has continued to develop the maintenance planning model.

Duration: 2017-2021
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ReRail the environmentally friendly rail:  
Ultrasonic testing

Sponsor: ReRail and Energimyndigheten (Swedish Energy Agency)

Researchers: Christer Stenström

Objective: The goal is to prove that ultrasonic inspection of rail with 
ReRail is feasible. ReRail replaces railway rails with a two part divided 
ditto, by milling the head on the worn-out or new rail and snapping on 
a new race plate in high-tensile steel on the milled rail. The objective 
of the ultrasonic testing of ReRail is to study the feasibility of inspecting 
the rail through the interface of the two components. The challenge is 
essentially a matter of finding a durable ReRail–rail-interface set-up 
that allows a sufficient large share of ultrasound energy to be transmit-
ted through the interface.

Duration: 2017-2019 Figure 1. Flat-bottom echo amplitude as a function of ReRail interface clamping force.

Prognostic and Health Management for  
Rail Transportation Equipment 

Sponsor: CRRC Corporation Limited

Researchers: Janet Lin (PL)

CRRC Corporation Limited (known as CRRC) is a Chinese publicly 
traded rolling stock manufacturer, which is the largest rolling stock 
manufacturer in the world. From September 2017, CRRC set up a 
CRRC-LTU research center at LTU, which will highly promote our PHM 
research level of railway system in the world.  

The first project has been started from Feb, 2018 to Nov 2019, titled 
“Prognostic and Health Management for Rail Transportation Equipment 
– Application studies on maintenance strategies of EMU axle bearing 
and collaborative maintenance management technologies”. 

The axle bearing is one of the critical components of high/speed train 
equipment. This project aims to extend the service life of EMU axle 
bearing, and achieve the optimization of the maintenance strategy from 
a lifecycle point of view through considering information from the train, 
test rigs, physics models, and operation context under the framework 
of Prescriptive Maintenance. 

This project has been divided into three parts: 1) predictive mainte-
nance of axle bearings; 2) collaborative maintenance management of 
rolling stocks from intelligent cloud; 3) technical trainings. In particular: 

n �The main methodologies in predictive maintenance of axle bearings 
include: diagnosis and prognostic, remaining useful life predic-
tion, risk assessment, maintenance scheduling, digital twin models 
development, etc. 

n �The main methodologies applied on collaborative maintenance 
management technologies in the project include:  hybrid cloud for 
asset management of rolling stocks maintenance; intelligent cloud for 
hybrid cloud learning; collaborative management concept for rolling 
stocks maintenance.

n �The industrial training program aims to further improve the applica-
tion level of operation and maintenance technologies through the 
trainings of Maintenance Engineering, Advanced Reliability, Condition 
Monitoring and CBM, Wear and Lubrication, PHM, e-Maintenance, 
etc. 

Duration: 2018-2019
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International Railway 
Research Collaboration & Network
To strengthen research and education stance and quality, a strong network with all related and active research 
groups, nationally and internationally is essential. Keeping this in view, we have created formal and informal 
networking and collaboration with research groups in the following universities and industries outside Sweden.

 

The universities and research institutes 
are: Aalto University, Finland; Birmingham 
University, UK; Central Queensland Univer-
sity at Gladstone, Australia; Indian Institute 
of Technology (IIT) Bombay and Kharagpur, 
India; Queensland University of Technology, 
Brisbane, Australia; Tromsö University, Norway; 
University of Cincinnati, USA; University of 
Queensland, Australia; University of Stavanger, 
Norway; University of Stavanger, Norway; VTT, 
Helsinki, Finland; University of Valencia, Spain; 
Imperial Collage, UK; Delft University, University 
of Twente, NL; Tsinghua University, Beijing 
Jiaotong University, Beihang University, China; 
China Academy of Railway Sciences (CARS); 
Hongkong City University; Huddersfield, UK.

JVTC is an active member of EURNEX, a 
European platform where researchers interact 
and influence the EU’s R&D focus. EURNEX 
also provides the possibility to create networks 
for EU project applications. 

The division and JVTC collaborates with PARC 
in the area of Prognostics and Health Manage-
ment (PHM) through Dr. Kai Goebel who is 
principal researcher at PARC and an Adjunct 
Professor at the Division of Operation and 
Maintenance Engineering at Luleå University of 
Technology. 

Furthermore, JVTC collaborates in the main-
tenance area with The Center for Intelligent 
Maintenance Systems (IMS) at University of 
Cincinatti, USA, where Professor Uday Kumar 

is a guest professor. Professor Jay Lee, Direc-
tor of IMS is a guest professor at LTU.

Professor Uday Kumar is an Honorary Profes-
sor at the Beijing Jiaotong University (BJTU), 
which is involved in Research and Innovation 
work for the railway industry especially for the 
high-speed trains and is equipped with railway 
laboratories. 

JVTC also has a close collaboration and 
participates in research projects with the 
Technology Mission for Indian Railways (TMIR). 
We are engaged with the Indian Railways and 
involved in defining research projects.

JVTC are collaborating with CRRC within the 
framework of PHM program of CRRC.
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Doctorate Degree Awardees

Saad Ahmed Khan

Title Doctorate Thesis: Effects of top-of-rail 
friction modifiers on the friction, wear and 
cracks of railway rails

To increase the lifetime of the rails without 
compromising with regard to the axle load and 
speed, one must increase the strength of the 
rails, decrease the traction forces between the 
rails and wheels. An option is also to introduce 
a third body with anti-wear and anti-crack 
properties that can reduce the wear and rolling 
contact fatigue (RCF) without reducing the 
traction forces below the safety limit.
The present research investigated the effects 
of TOR-FMs using computer-based simula-
tions, laboratory tests and field tests. The 
results from all the tests and simulations were 
used to calculate the life cycle cost of wayside 
and on-board systems. The simulation results 
have shown that by reducing the friction, the 
RCF can be reduced. This reduction in the RCF 
is greater on narrow curves than on larger 
curves as the traction forces decrease with 

an increase in the curve radius. Curves with a 
radius larger than m are not prone to RCF. The 
damage index method used in the simulation 
has also shown that on circular curves with 
a radius smaller than 300 m, the so-called 
“magic wear” rate can be achieved. Magic 
wear means that the wear rate due to normal 

Iman Soleimanmeigouni
Title Doctorate Thesis: Predictive Models 
for Railway Track Geometry Degradation

A major part of the railway maintenance bur-
den is related to track geometry maintenance. 
Due to the forces induced on the track by 
traffic, the railway degrades over time, causing 
deviations from the designed vertical and 
horizontal alignment. When the track geometry 
degrades to an unacceptable level, this can 
cause catastrophic consequences, such as 
derailment. Maintenance actions are used to 
control the degradation of the track and restore 
the geometry condition of the track sections to 
an acceptable state. 
With the current advancements in the field of 
technologies for railway track geometry meas-
urement, a large amount of event data and 
condition monitoring data is available. Such 
technologies, along with advances in predic-
tive analytics, are providing the possibility of 

operation is equal to the crack generation rate. 
The field results obtained using a handheld 
tribometer have shown that by using a TOR-
FM, both the wear and the friction coefficients 
can be reduced. The content of the TOR-FM 
can have a significant effect on the carry 
distance and, generally, non-drying FMs have 
a longer carry distance. Excessive use of TOR-
FM may cause unacceptably low friction and 
a high operational cost, and only result in an 
insignificant increase in the carry distance. In 
addition, it was also concluded that in the case 
of the wayside system during extreme winters, 
the equipment could have maintenance issues 
and thus a high operational cost. The on-board 
system is an economical alternative to the 
wayside system, as it has lower operation 
and maintenance costs. The results have also 
shown that snow and ice formation in the 
winter act as a lubricant. However, further in-
vestigations are needed to provide knowledge 
of the efficiency of such natural lubricants and 
their retention on the rail. The present research 
has taken the IOL as a case study, but the 
results will be applicable all over the world. 

Dr. Saad Ahmed Khan 

Dr. Iman Soleimanmeigouni with the examination committee

predicting the track geometry condition in sup-
port of a predictive maintenance strategy. The 
aim of the research conducted for this thesis 
has been to develop methodologies and tools 

for the prediction of railway track geometry 
degradation, in order to facilitate and enhance 
the capability of making effective decisions for 
inspection and maintenance planning.
 



36

1.	� Liu B, Lin J, Zhang L, Kumar U. (2019). ‘A 
Dynamic Prescriptive Maintenance Model 
Considering System Aging and Degradation.’ 
IEEE Access [Internet]. 2019;7:94941–3.

2.	� Zaki, R., Barabadi, A., Qarahasanlou, A. N., 
Garmabaki, A. S. (2019). ‘A mixture frailty 
model for maintainability analysis of mechani-
cal components : a case study.’ International 
Journal of Systems Assurance Engineering 
and Management.

3.	� Illankoon, P., Tretten, P., Kumar, U. (2019). ’A 
prospective study of maintenance deviations 
using HFACS-ME.’ International Journal of 
Industrial Ergonomics.

4.	� Zhang, L., Lin, J., Liu, B., Zhang, Z., Yan, X., 
Wei, M. (2019). ‘A Review on Deep Learn-
ing Applications in Prognostics and Health 
Management.’ IEEE Access, Access, IEEE, 7, 
pp. 162415–162438.

5.	� Khajehei, H., Ahmadi, A., Soleimanmeigouni, 
I., Nissen, A. (2019). ’Allocation of effective 
maintenance limit for railway track geometry.’ 
Structure and Infrastructure Engineering, 
15(12), pp. 1597–1612. 

6.	� Lin, J., Chen, J. et al. (2019). ‘An Active 
Learning Method Based on Uncertainty and 
Complexity for Gearbox Fault Diagnosis.’ IEEE 
Access, Access, IEEE, 7, pp. 9022–9031. 

7.	� An, B., Gao, L., Xin, T., Lin, J. (2019). ‘An ap-
proach to evaluate wheel-rail match properties 
considering the flexibility of ballastless track : 
Comparison of rigid and flexible track models 
in wheel-rail profile matching.’ International 
Journal of COMADEM, 22(3), 5–13. 

8.	� Cai, B., Kong, X., Liu, Y., Lin, J., Yuan, X., Xu, 
H., Ji, R. (2019). ’Application of Bayesian 
Networks in Reliability Evaluation.’ IEEE Trans-

actions on Industrial Informatics, Industrial 
Informatics, IEEE Transactions on, IEEE Trans. 
Ind. Inf, 15(4), pp. 2146–2157. 

9.	� Thaduri, A., Al-Jumaili, M., Kour, R., Karim, R. 
(2019). ‘Cybersecurity for eMaintenance in 
Railway Infrastructure : Risks and Conse-
quences.’ International Journal of Systems 
Assurance Engineering and Management, 
10(2), 149–159.

10.	�Kour, R., Karim, R., Thaduri, A. (2019). 
‘Cybersecurity for railways : A maturity model.’ 
Proceedings of the Institution of Mechanical 
Engineers. Part F, Journal of Rail and Rapid 
Transit.

11.	�Kour, R., Al-Jumaili, M., Karim, R., Tretten, P. 
(2019). ‘eMaintenance in railways : Issues and 
challenges in cybersecurity.’ Proceedings of 
the Institution of Mechanical Engineers. Part 
F, Journal of Rail and Rapid Transit, 233(10), 
1012–1022. 

12.	�Zhang, B., Liu, X., Lin, J. (2019). ’Identifica-
tion of span of Multi-span Simply Supported 
Girders by the Longitudinal Level Waveforms.’ 
International Journal of COMADEM, 22(3), 
19–22.

13.	�Zhang, C., Gao, Y., Yang, L., Kumar, U., Gao, 
Z. (2019). ’Integrated optimization of train 
scheduling and maintenance planning on 
high-speed railway corridors.’ Omega, 87, 
86–104.

14.	�Soleimanmeigouni, I., Ahmadi, A., Khajehei, H., 
Nissen, A. (2019). ’Investigation of the effect of 
the inspection intervals on the track geometry 
condition.’ Structure and Infrastructure Engi-
neering.

15.	�Illankoon, P., Tretten, P., Kumar, U. (2019). 
’Modelling human cognition of abnormal ma-

chine behaviour.’ Human-Intelligent Systems 
Integration,1(1), 3–26.

16.	�Zhang, X., Mahadevan, S., Goebel, K. (2019). 
’Network Reconfiguration for Increasing Trans-
portation System Resilience Under Extreme 
Events.’ Risk Analysis, 39(9), 2054–2075.

17.	�Anandika, R., Stenström, C., Lundberg, J. 
(2019). ’Non-destructive measurement of 
artificial near-surface cracks for railhead 
inspection.’ Insight (Northampton), 61(7), 
373–379. 

18.	�Soleimanmeigouni, I., Ahmadi, A., Nissen, A., 
Xiao, X. (2019). ‘Prediction of railway track 
geometry defects : a case study.’ Structure 
and Infrastructure Engineering.

19.	�Chandran, P., Rantatalo, M., Odelius, J., Lind, 
H., Famurewa, S. M. (2019). ‘Train-based 
differential eddy current sensor system for rail 
fastener detection.’ Measurement Science 
and Technology, 30(12).

20.	�Chi, Z., Lin, J., Chen, R., Huang, S. (2019). 
‘Data-driven approach to study the polygoni-
zation of high-speed railway train wheel-sets 
using field data of China’s HSR train.’ Meas-
urement, 149.

21.	�Kyriakidis, M., Simanjuntak, S., Singh, S., Ma-
jumdar, A. (2019). ’The indirect costs assess-
ment of railway incidents and their relationship 
to human error: The case of Signals Passed at 
Danger.’ Journal of Rail Transport Planning & 
Management, p. 34.

22.	�Popescu, C., Täljsten, B., Blanksvärd, T., & 
Elfgren, L. (2019). ’3D reconstruction of exist-
ing concrete bridges using optical methods.’ 
Structure and Infrastructure Engineering, 
15(7), 912–924.

Journals Papers
Publications

Technical reports
1.	� Jägare, V. et. Al. (2019). Bilaga 1 Omvärld-

sanalys 190611. JVTC Verksamhetsplan.

2.	� Juntti, U., Jägare, V., Lindgren, M., Olofsson, 
B., Johansson, N., Hägglund, C. & Norrbin, 
P. (2019). ’EP201-Modeller för samver-
kan, innovation, implementering, avtal och 
affärsmodeller.’ Projektrapport eP200-201-
2019-SIIAA, ePilot, Järnvägstekniskt centrum 
(JVTC), Luleå tekniska universitet, Luleå. 

3.	� Juntti, U., Söderholm, P., Gustafsson, C., 
Hamin, C., Westerberg, J., Nilsson, A., & 
Bång, R. (2019). ’EP214 - Implementering 
av tillståndsövervakning av infrastruktur.’ 
Projektrapport eP20-214-ImpINFRA. ePilot, 
Järnvägstekniskt centrum (JVTC), Luleå 
tekniska universitet, Luleå.

4.	� Juntti, U. & Jägare, V. (2019). ’EP219 - 
Juridik för datadelning.’ Projektrapport eP20-
219-2018-ImpD, ePilot, Järnvägstekniskt 

centrum (JVTC), Luleå tekniska universitet, 
Luleå.  

5.	� Sabourova, N., Grip, N., Tu, Y., Wang, C., 
Enoksson, O., Blanksvärd, T., Nilsson, M., 
Ohlsson, U & Elfgren, L (2019). ’Railway 
Concrete Arch Bridge over Kalix River at 
Långforsen: Dynamic Properties and Load-
Carrying Capacity.’ Research Report, Luleå 
University of Technology, 60 pp.



37

1.	� Jägare, V., Karim, R., Juntti, U.; Söderholm, P. 
(2019). ’A framework for testbed concept in 
railway.’ In PROCEEDINGS: International Heavy 
Haul Association Conference June 2019 (p. 
986).

2.	� Stenström, C., Söderholm, P. (2019). ‘Applying 
Eurostat’s ESS handbook for quality reports on 
railway maintenance data.’ In Proceedings of 
the International Heavy Haul Association STS 
Conference (IHHA 2019) (pp. 473–480). 

3.	� Jägare, V., Karim, R., Söderholm, P., Larsson-
Kråik, P.-O., Juntti, U. (2019). ’Change 
management in digitalised operation and 
maintenance of railway.’ In PROCEEDINGS: 
International Heavy Haul Association Confer-
ence June 2019 (pp. 904–911).

4.	� Kour, R., Tretten, P., Karim, R., Singh, S. 
(2019). ’Cybersecurity Workforce in Railway: 
A Case Study.’ In Proceedings of the 5th 
International Workshop, Congress on eMainte-
nance 2019.

5.	� Juntti, U., Jägare, V. (2019). ‘Enhanced col-
laboration models in eMaintenance projects.’ 
In International Heavy Haul Association 
Conference June 2019 (pp. 925–931).

6.	� Jägare, V., Juntti, U., Karim, R. (2019). ’Gov-
ernance of digital data sharing in a cross-or-
ganisational railway maintenance context.’ In 
Proceedings of the 5th International Workshop 
and Congress on eMaintenance: eMainte-
nance: Trends in Technologies methodologies, 
challenges, possibilites and applications.

7.	� Larsson-Kråik, P-O. (2019). ‘A successful con-
cept for testing of new technologies - ePilot.’ 
Heavy Haul Best Practices & Technologies 
Workshop. In International Heavy Haul As-
sociation Conference June 2019.

8.	� Kumar, U. (2019). ‘Transformative Mainte-
nance Solutions for Railway Assets.’ Heavy 
Haul Best Practices & Technologies Workshop. 
In International Heavy Haul Association Con-
ference June 2019.

9.	� Sabourova, N., Grip, N., Ohlsson, U., Elfgren, 
L., Tu, Y., Duvnjak, I., & Damjanović, D. (2019). 
’Detection of Sparse Damages in Structures.’ 
In IABSE Symposium, Guimaraesh, Portugal 
2019 : Towards a Resilent Built Environment - 
Risk and Asset Management.

10.	�Galar D. (2019). ‘Maintenance 4.0 and Indus-
trial AI: The Driving Force.’ Maintenance - The 
leading trade event for industrial maintenance. 
Bilbao 4-6/06/2019.  

11.	�Galar D. (2019). ‘Case Study: Deep-dive into 
current rail digitalization projects, examining 
the lessons learnt and key take-aways.’ Digital 
Rail Revolution. London, England. 7 November 
2019.

12.	�Galar D. (2019). ‘Chairman’s Opening 
Remarks- The game changer- Analytics, IIOT, 
AI and Predictive Maintenance.’ Maintenance 
Analytics Summit Towards Data And AI-Driven 
Maintenance. 23-24 May. Stockholm. 

13.	�Galar D. (2019). ‘Industrial Artificial Intelli-
gence-The Driving Force of manufacturing.’ 
Data innovation Summit 2019. Innovate 
Through your Data. 14-15 March 2019. 
Sweden.

14.	�Galar D. (2019). ‘Bottom-Up digital twins for 
PHM deployment in railway.’ Digital & IOT 
Stream. Rail Revolution. 5th-7th March 2019. 

15.	�Galar D. (2019). Technological Enablers for 
Optimal Decision-Making. 4th international 
Symposium “AMBITION 2050”. Bauhaus 
Luftfhrt, Muching-Taufkirchen. 7-8 May 2019. 

16.	�Bergquist, B., & Söderholm, P. (2019). 
‘Graphical methods for railway track condition 
assessment and prognostics.’ In Proceedings 
of 26th EurOMA Conference. EurOMA 2019, 
17-19 Jun 2019, Helsinki, Finland. EurOMA.

17.	�Bergquist, B., & Söderholm, P. (2019). 
‘Prediction Models for Track Deterioration.’ In 
Proceedings of the International Heavy Haul 
Conference, June 12-14, Narvik, Norway. 

18.	�Bergquist, B., Söderholm, P., Kauppila, O., & 
Vanhatalo, E. (2019). ’Cleaning of Railway 
Track Measurement Data for Better Mainte-
nance Decisions.’ In eMaintenance Confer-
ence 2019, 14 - 15 May. Stockholm, Sweden.

19.	�Sedghi, M., Kauppila, O., Vanhatalo, E., Mig-
dalas, A. & Kulahci, M. (2019). ‘Data-driven 
Railway Maintenance Scheduling Based on 
Track Condition Prediction.’ International 
Heavy Haul STS Conference in Narvik, Norway, 
June 10-14. Best poster award.

Book  
Chapters
1.	� Elfgren, L., Täljsten, B., & Blanksvärd, T. 

(2019). ’Load Testing as Part of Bridge 
Management in Sweden. In Load Testing of 
Bridges : Proof Load Testing and the Future 
of Load Testing’ (1st ed., pp. 333–346). 
London/Leiden: CRC Press. 

Conference papers and Invited speeches:

Thesis
1.	� Laitila J. (2019). Förbättrat underhåll av 

fasta korsningar i spårväxlar. Luleå tekniska 
universitet, Luleå.

2.	� Hägglund, C., Jonsson, O. (2019). Tillstånds-
baserat underhåll av spårväxlar genom 
statistisk processtyrning: En fallstudie enligt 
DMAIC. Luleå tekniska universitet, Luleå.

3.	� Furenstam, Kasper (2019): Prestressed 
Concrete Railway Bridge in Abisko. Meas-
urements and Analysis of Cracks. Luleå 
tekniska universitet, Luleå.

4.	� Kumari, J. (2019). Asset Management of 
Railway Tracks Using Stochastic Petri Nets. 
Luleå tekniska universitet, Luleå.
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Newly Published Academic Litera tures

1. Introduction to Miantenance Engineering. 
Modelling, Optimization and Management. By Ben/Daya, M., Kumar, U., 
Murthy, P.. Publisher: WileyThis comprehensive text book links theory with 
practice using real illustrative cases involving plants , infrastructure and 
other engineering products and components and exposes the students to 
the evolutionary trends in maintenance engineering and management. The 
book has been written by authors with extensive experiences in teaching 
and research apart from working with different industrial sectors

2. Maintenance Audits Handbook. 
A performance measurement Framework. By Galar, D. and Kumar, U.. 
Publisher: CRC Press
The handbook explores and presents the key aspects of effective and 
efficient maintenance management using performance measurement as 
foundation. The book is equally useful for students and engineers.and will 
serve as a valuable resource for those in the field.

3. Current Trends in Reliability, Availability, Main-
tainability and Safety -An Industry Perspective. 
Editors: Kumar, U., Ahmadi, A., Verma, A.K., Varde, P. (Eds.). Publisher: 
Springer Containing selected papers from the ICRESH-ARMS 2015 confer-
ence in Lulea, Sweden, collected by editors with years of experiences in Reli-
ability and maintenance modeling, risk assessment, and asset management, 
this work maximizes reader insights into the current trends in Reliability, 
Availability, Maintainability and Safety (RAMS) and Risk Management.Featur-
ing a comprehensive analysis of the significance of the role of RAMS and 
Risk Management in the decision making process during the various phases 
of design, operation, maintenance, asset management and productivity in 
Industrial domains, these proceedings discuss key issues and challenges in 
the operation, maintenance and risk management of complex engineering 
systems and will serve as a valuable resource for those in the field.

4. Artificial Intelligence Tools
Artificial Intelligence Tools: Decision Support Systems in Condition Monitor-
ing and Diagnosis Hardcover by Galar, D. 
Artifical Intelligens is a methodology and a programming approach, devel-
oped, and still under improvement, for effective maintenance management 
through its use in condition monitoring. Artificial intelligence is used in all 
kind of maintenance for industry machines. Because of the success in 
Condition monitoring, this book compiles and structures all AI tools used in 
CM in a reference handbook.
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Newly Published Academic Litera tures

Handbook of Industry 4.0 and SMART Systems
By Diego Galar Pascual, Pasquale Daponte, Uday Kumar. Publisher: CRC 
Press. 
Industry 4.0 refers to fourth generation of industrial activity characterized 
by smart systems and internet-based solutions. This book describes the 
fourth revolution based on instrumented, interconnected and intelligent 
assets. The different book chapters provide a perspective on technologies 
and methodologies developed and deployed leading to this concept. With 
an aim to increase performance, productivity and flexibility, major applica-
tion area of maintenance through smart system has been discussed in 
detail. Applicability of 4.0 in transportation, energy and infrastructure is 
explored, with effects on technology, organisation and operations from a 
systems perspective.

5. eMaintenance Essentials electronic tools for 
efficiency 
Authors: Galar, D. and Kumar, U.. Publisher: Academic Press
The book eMaintenance: Essential Electronic Tools for Efficiency enables the 
reader to improve efficiency of operations, maintenance staff, infrastructure 
managers, and system integrators, by accessing a real-time computerized 
system from data to decision. The book provides an introduction to collecting 
and processing data from machinery, which explains the methods of over-
coming the challenges of data collection and processing and presents tools 
for data-driven condition monitoring and decision-making. This is a handbook 
for those interested in the possibilities of running a plant as a smart asset. 
It shows how to use sensor-based tools to improve decision-making and 
enhance operational efficiency in the industrial plant environment. 

6. Maintenance Cost and Life Cycle Cost Analysis
Authors: Galar, D., Sandborn, P., Kumar, U.. Publisher: CRC Press, 
The book “Maintenance Cost and Life Cycle Cost Analysis” contributes 
towards a better understanding of maintenance cost and that this en-
hanced knowledge will be used to improve the maintenance process. It is 
motivated by the persistent pattern of failure of maintenance engineers to 
explain the basics of maintenance cost and associated risks and benefits 
to senior managers in their organizations. This motivation was reinforced 
by the recent success of several publications putting this type of research 
into the spotlight, especially the new ISO 55000. The book is intended for 
managers, engineers, researchers, and practitioners directly or indirectly 
involved in the area of maintenance. 

7. Quality, IT and Business Operations Modeling and 
Optimization
Editors: Kapur, P.K., Kumar, U., Verma, A.K.. Publisher: Springer
The book “Quality, IT and Business Operations Modeling and Optimization” 
discusses action-oriented, concise and easy-to-communicate goals and 
challenges related to quality, reliability, infocomm technology and busi-
ness operations. It brings together research works in the area of software 
reliability, e-maintenance and big data analytics, highlighting the importance 
of maintaining the current growth in information technology (IT) adoption in 
businesses, while at the same time proposing process innovations to ensure 
sustainable development in the immediate future. In its thirty-five chapters, 
it covers various areas of e-maintenance solutions, software architectures, 
patching problems in software reliability, preventive maintenance, industrial 
big data and reliability applications in electric power systems.
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FEBRUARY

Trafikverket’s trainee group visits JVTC
On February 5, Trafikverket´s trainee group visits JVTC to learn more about 
research and innovation at Luleå University of Technology. 

APRIL

Conference on Sustainable and Connected 
infrastructure
Trafikverket’s portfolio Vidmakthålla and InfraSweden2030 invited on April 
2, 2019 to a Research and Innovation Day on Sustainable and Connected 
Infrastructure.

New methods for measuring condition are an important area for research and 
innovation, where digitalisation and other new technologies offer many opportu-
nities. New technology can provide access to large amounts of data that need 
to be managed correctly in order to benefit from it. It is important to remember 
that data does not have an intrinsic value. With the new capabilities of big data, 
it is important to focus on the right data, and use it to take the right action.

On April 2, the Research and Innovation Day gathered almost 100 partici-
pants from the industry to discuss and jointly work on the question of how we 
together can identify, and implement, the best solutions.

Veronica Jägare and Ramin Karim from JVTC and Luleå University of Tech-
nology presented "Measuring the condition of the railway - where are we 
and where are we heading?" The presentation described experiences from 
eMaintenance research as well as innovation and implementation research 
within ePilot.

MAY

Railway maintenance at the  
eMaintenance conference
On May 14-15, 2019, the fifth eMaintenance conference was organised by 
Luleå University of Technology at Hotel Sheraton in Stockholm. Introductory 
speakers at the conference were, among others, Björn Westerberg, CEO of 
Sweden’s train operators, who talked about “AI and predictive maintenance” 
and Hamid Zarghampour, Trafikverket, who talked about “Innovative transport 
solutions”. 

  

On May 15, ePilot arranged a railway maintenance workshop where, among 
other things, results from sub projects were presented and a technical session 
that included presentations of academic papers in railway maintenance.

An innovation competition was organised where crowd sourcing would be used 
to find solutions to a predefined problem. The jury consisted of representatives 
from the railway industry and the two best ideas were granted funding for test-
ing and / or demonstration. The challenge that Trafikverket wanted a solution 
to, was automation of inspections, since inspecting railway infrastructure is a 
time-consuming work that is often performed manually by an inspector. After 
exciting pitches, the jury selected two ideas, one from Tyréns and one from 
WSP, with a high degree of maturity that were funded by ePilot.

Discussions during the Research and Innovation Day 

Hamid Zarghampour, Trafikverket and professor Uday Kumar, director Luleå Rail-
way Research Center, Luleå tekniska universitet.

Björn Westerberg, CEO of Sweden’s train operators.

Winners of ePilot innovation competition: Dag Måhlstrand, CEO, Tyréns Solutions 
AB and Peter Östrand, Assignment Manager Geoinformatics and Asset Manage-
ment, WSP.

2019 - News and highlights
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JUNE

International Heavy Haul Conference and 
Workshop in Narvik
The International Heavy Haul Conference took place in Narvik on 10-14 June 
2019, where 430 delegates from 30 different countries participated. The 
conference received 472 abstracts from 24 countries where the top 151 
abstracts were selected for oral presentations and 57 abstracts were selected 
to be invited for poster presentation. Researchers from JVTC participated both 
with paper presentations and poster presentations. JVTC director Uday Kumar 
presented “Transformative Maintenance Solutions for Railway Assets” at the 
Heavy Haul Best Practices & Technologies Workshop.

SEPTEMBER

JVTC Study visit at LKAB mines and work-
shop in Kiruna
LKAB invited the JVTC members to a study visit in the mines and rolling stock 
workshop on September 5, 2019. 

OCTOBER

Nordic Rail, Jönköping
Nordic Rail is a fair showcasing products and technical solutions for the rail 
industry. Government departments and agencies, organisations, planning 
managers, purchasers, operators, researchers and educationalists participates. 
All with a shared interest in the railway sector. JVTC had a station in the booth 
“Railway of the Future” where research and findings were presented. 

OCTOBER

Industrial Artificial Intelligence (IAI) Workshop 
in Luleå 
Luleå University of Technology´s applied AI activities link a variety of research 
and innovation areas such as operations and maintenance, industrial services, 
smart facilities, and intelligent transport. These AI activities contribute to achiev-
ing global sustainability and increased competitiveness for Swedish industry. 
Today, the industry faces challenges in developing and implementing AI in 
relevant contexts. At the demand of industrial partners, the Division of Operation 
and Maintenance together with JVTC arranged a workshop on October 7, 2019, 
which focuses on the application of AI in industry, called Industrial AI (IAI).

JVTC taking a tour in the LKAB Visitor Mine.

JVTC members

JVTC station at Railway of the future.

Professor Pierre Dersin from ALSTOM 

Participants at the IAI Workshop. 



42

2019 - News and highlights
NOVEMBER

Logistics Day in the North in Luleå
On November 7, Logistikdag Norr focused on northern Sweden’s transport 
infrastructure in a global perspective. The day was a summit with business, 
politicians, government and academia working together to strengthen the 
competitiveness of the companies. Speakers during the day included Minister 

NOVEMBER

Digital Rail Revolution in London
Digital Rail Revolution 2019 took place at the Royal Lancaster 
Hotel, London on 7 November. The event brought together 
hundreds of railway professionals from across the world to 
network and learn about the latest breakthroughs, innova-
tions, challenges and solutions affecting the international 
railway industry. Dr. Diego Galar, Professor of Condition 
Monitoring at JVTC spoke in the “Deep dive round table 
discussion” covering the topic of your organisation’s recipe 
for successfully leading Digital Transformation and chaired 
sessions that emphasised the importance of data.

 

JVTC PhD students, Jaya Kumari and Yang Zuo. Panel discussion with Catharina Elmsäter-Svärd, Kent Lindvall, Frida Rowland, 
Jonas Wiklund and Peter Carlsson.

Diego Galar, chairing a session at the Digital Rail Revolution.

of Infrastructure Tomas Eneroth, Catharina Elmsäter-Svärd, CEO of Sweden’s 
Construction Industries, and Peter Carlsson, CEO of Northvolt. PhD students 
from JVTC, Jaya Kumari and Yang Zuo, were invited to present transportations 
of the future. 
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Project Project members Sponsor Status

Department of Civil, Environmental and Natural resources engineering/ Division of Operation and Maintenance

Predictive analytics for degrading infrastructure Prof Ramin Karim, +46 920-492344 
PhD candidate: 
Ravdeep Khour +46 920-492898

Trafikverket/JVTC Active

Anomaly detection and system diagnostics Dr Matti Rantatalo, +46 920-492124 
PhD candidate: 
Praneeth Chandran, +46 920-493689

Trafikverket/JVTC Active

Framework Railway asset maintenance management and info 
logistics

Dr Matti Rantatalo, +46 920-492124 
PhD candidate: 
Elahe Talebiahooie, +46 920-493688

Trafikverket/JVTC Active

RAMS modeling and simulation at system level Dr Alireza Ahmadi, +46 9203047 
PhD candidate: 
Hamid Khajehei, +46 920-493687

Trafikverket/JVTC Active

Rail grinding decision support: Non-destructive evaluation 
(NDE) of near-surface cracks in rail heads

Prof Jan Lundberg, +46 920-491748 
PhD candidate: 
Rayendra Anandika +46 920-492151

Trafikverket/JVTC Active

Maintenance Ergonomics Prof Uday Kumar, +46 920-491826 
PhD candidate: 
Prasanna Ilankoon +46 920-493957

Trafikverket/JVTC Active

Methods for effective implementation of maintenance related 
railway innovations

Prof Jan Lundberg, +46 920-491748 
PhD candidate: 
Veronica Jägare, +46 920-491629

Trafikverket/JVTC Active

Effects on increased axle load for heavy freight trains Prof Jan Lundberg, +46 920-491748 
PhD candidate: 
Thomas Nordmark

LKAB Active

Asset Management/eMaintenance AI Prof Ramin Karim, +46 920-492344 
PhD candidate: 
Jaya Kumari +46 920-492427

Trafikverket/JVTC Active

eMaintenance Prof Ramin Karim, +46 920-492344 
PhD candidate: 
Yang Zhuo +46 920-491632

Trafikverket/JVTC Active

ePilot 2.0 Veronica Jägare, +46 920-491629 
Prof Ramin Karim, +46 920-492344

Trafikverket/JVTC Active

Testbed Railway Veronica Jägare, +46 920-491629 Trafikverket/JVTC Active

Verklighetslabb Digital Järnväg (VDJ) Dr Peter Söderholm Vinnova Active

AI factory for Railway Prof Ramin Karim, +46 920-492344 Vinnova Active

Statistiskt baserad underhållsplanering inom järnväg Prof Bjarne Bergquist +46-920-49 2137 Trafikverket/JVTC Active

Analysis of rail wear for maintenance evaluation and 
improvement

Dr Stephen Famurewa, +46 920-49 2375 Trafikverket Active

Simtrack Prof Alireza Ahmadi, +46 920-49 3047 BVFF Active

Digitala spårväxeln, DigiSwitch Prof Jan Lundberg, +46 920-491748 FORMAS Active

Insulation joints Prof Jan Lundberg, +46 920-491748 Trafikverket Active

Impacts of climate changes on maintenance needs of railway 
and road infrastructure (CliMaint) Reliability improvement of 
railway infrastructure in climatic context

Dr Amir Garabaki +46 920-49 Vinnova Active

Fr8Rail II Dr Matti Rantatalo +46 920-492124 EU/Trafikverket Active

In2Smart II Dr Matti Rantatalo +46 920-492124 EU/Trafikverket Active

ARINKA - Arctic Railway Infrastructure in Kolarctic Dr Matti Rantatalo +46 920-492124 EU/Kolarctic CBC Active

Underground pipelines and railway infrastructure - Failure 
consequences and restrictions

Dr Amir Garabaki +46 920-49 Vinnova InfraSweden 2030 Completed

Condition based maintenance of rail infrastructure using 
Internet if Things loggers

Dr Christer Stenström +46 920-491476 Vinnova InfraSweden 2030 Completed

Automatic detection of railway fasteners and track defects Dr Matti Rantatalo +46 920-492124 Vinnova InfraSweden 2030 Competed
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  Project   Project members   Sponsor   Status

Condition monitoring, prediction and management of railway 
track assets

Dr Matti Rantatalo +46 920-492124 Vinnova InfraSweden 2030 Completed

In2Rail Prof Uday Kumar, +46 920-491826 
Dr Matti Rantatalo +46 920-492124

EU/Trafikverket Completed

In2Smart Prof Uday Kumar, +46 920-491826 
Dr Matti Rantatalo +46 920-492124

EU/Trafikverket Completed

SMaRTE Prof Alireza Ahmadi, +46 920-493047 EU Completed

Reduction of damages in wheel/rail interaction - Top of rail 
(ToR)

Prof Jan Lundberg, +46 920-491748 
Dr Christer Stenström  
Dr Matti Rantatalo +46 920-492124 
Dr Saad Ahmed Khan +46 920-491402 
2019 – Doctoral thesis

Trafikverket/JVTC Completed

Maintenance decision support models for railway 
infrastructure using RAMS

Dr Alireza Ahmadi +46 920 493047 
Dr Iman Soleimanmeigouni +46 920 493258 
2019 – Doctoral thesis

Trafikverket/JVTC Completed

Improve availability and reduced life cycle cost of track 
switches

Prof Jan Lundberg, +46 920-491748 Trafikverket Completed

Baysian reliability modeling for railway infrastructure Dr Janet Lin, +46 920-49 1564 Trafikverket/JVTC Completed

Life length estimation of rolling stock Dr Behzad Ghodrati, +46 920-491456 Trafikverket/JVTC Completed

Prognostic for railway S&C geometry degradation Dr Matti Rantatalo +46 920-492124 
Dr Madhav Mishra +46 920-49 2325 
2018 – Doctoral thesis

SKF-UTC Completed

ReRail den miljövänliga rälsen - test Dr Christer Stenström Trafikverket Completed

Harmonisation of asset management definitions and data 
quality assurance in rail transport

Dr Christer Stenström, +46 920-49 1476 Trafikverket/JVTC Completed

Infralert Prof Uday Kumar, +46 920-491826 
Dr Johan Odelius +46 920-492124

EU/Trafikverket Completed

Sustrail Prof Uday Kumar, +46 920-491826 
Dr Matti Rantatalo +46 920-492124

EU/Trafikverket Completed

TREND Prof Diego Galar +46 920-2437 EU/JVTC Completed

Optirail Prof Diego Galar +46 920-2437 EU/JVTC Completed

SAFT Inspect Dr Matti Rantatalo +46 920-492124 EU Completed

Increased railway infrastructure capacity through improved 
maintenance practices 

Prof Uday Kumar, +46 920-491826 
Dr Matti Rantatalo +46 920-492124 
Dr Stephen Famurewa +46 920-492375 
2015 – Doctoral thesis  
Dr Matthias Asplund +46 920-491062 
2016 –Doctoral thesis

Trafikverket/JVTC Completed

ePilot119 Veronica Jägare, +46 920-491629 
Prof Ramin Karim, +46 920-492344

Trafikverket/JVTC Completed

Big data analytics for fault detection and its application in 
maintenance

Prof Ramin Karim, +46 920-492344 
Dr Janet Lin, +46 920-491564 
Dr Liangwei Zhang 
2017 –Doctoral thesis

Trafikverket/JVTC Completed

Link and effect model application through life cycle cost and 
return of investment analysis

Dr Christer Stenström Trafikverket Completed

Maintenance Thresholds Prof Uday Kumar, +46 920-491826 
Dr P-O Larsson-Kråik +46 10-231884 
Dr Iman Arastehkhouy +46 920-2071

Trafikverket/JVTC Completed

OptiKrea - Optimala metoder för innovative produktutveckling 
och beslutsstöd

Prof Jan Lundberg, +46 920-491748 
Dr Anna Malou Petersson 
2017 –Doctoral thesis

Trafikverket/JVTC/ 
Vossloh/Infranord

Completed

Solstormars påverkan på transportsystemet Prof Uday Kumar +46 920-2437 JVTC Completed
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Winter preparation switches – failure consequences and 
restrictions

Per Norrbin +46 70-630 5248 Trafikverket/JVTC Completed

Railway infrastructure robustness, attributes, evaluation, 
assurance, and improvement

Dr Aditya Parida, +46 920-491437 
Per Norrbin +46 70-630 5248 
2016 – Licentiate thesis

Trafikverket/SWECO Completed

DeCoTrack, Track degradation modelling and analysis related 
to change in railway traffic

Prof Uday Kumar, +46 920-491826 
Dan Larsson (Damill AB)  
2004 - Licentiate Thesis

Trafikverket Completed

Maintenance human factors ergonomics Dr Rupesh Kumar, +46 920-492812 Trafikverket/JVTC Completed

Investigation of end-user needs for eMaintenance on railway Dr Ramin Karim, +46 920-492344 Trafikverket/JVTC Completed

RAMS in signalling Prof Uday Kumar, +46 920-491826 
Dr Amparo Morant 
2015 – Doctoral Thesis

Trafikverket/JVTC Completed

ReRail Anders Sundgren +46 703-076647 Vinnova Completed

Automain Prof Uday Kumar, +46 920-491826 
Dr Ulla Juntti 

EU/Trafikverket Completed

Bothnian Logistics Green Corridor, BGLC Dr Ulla Juntti Trafikverket/JVTC Completed

NoRRTeC establish a Swedish-Norwegian research platform Veronica Jägare, +46 920-491629 
Dr Matti Rantatalo +46 920-492124

Interreg/Länsstyrelsen Completed

Link and effect models of railway infrastructure Dr Aditya Parida  
Christer Stenström 
2014-Doctoral Thesis

Trafikverket/JVTC Completed

Integrated reliability analysis for maintenance optimization Dr Janet Lin, +46 920-491564 Trafikverket/JVTC/ 
LKAB

Completed

Condition based maintenance for Vehicles Prof Uday Kumar, +46 920-491826 
Dr P-O Larsson-Kråik +46 10 231884 
Dr Mikael Palo 
2012 – Licentiate Thesis 
2014 – Doctoral Thesis

Trafikverket/JVTC/ 
LKAB

Completed

Optimization of track geometry inspection interval  
(Maintenance limits)

Prof Uday Kumar, +46 920-491826 
Dr P-O Larsson-Kråik +46 10-231884 
Dr Iman Arastehkhouy  
2011 – Licentiate Thesis 
2013 – Doctoral Thesis

Trafikverket/JVTC Completed

From measurement to maintenance decision Dr Håkan Schunnesson 
Dr Mikael Palo 
Dr Iman Arastehkhouy

LTU, LKAB Completed

Ergonomic analysis for railway vehicle maintenance and 
workshop facilities

Dr Rupesh Kumar Trafikverket/JVTC/ 
LKAB/Euromaint

Completed

Dynamic maintenance programme Prof Ramin Karim, +46 920-492344 Trafikverket/JVTC Completed

Reliability analysis of switches and crossings Prof Behzad Ghodrati, +46 920-491456 ALSTOM / Trafikverket Completed

Development of a demonstrator for eMaintenance on railway Prof Ramin Karim, +46 920-492344 Trafikverket/JVTC Completed

Developing a method for the specification and selection 
criteria for technical systems and equipment

Prof Jan Lundberg, +46 920-491748 Trafikverket Completed

RAMS and LCC in the planning phase Dr Ulla Juntti Trafikverket/JVTC Completed

Support vector machine (Demonstrator) Dr Yuan Fuqing Trafikverket/JVTC Completed

Detection of internal flaws in railway manganese crossings by 
using Synthetic Aperture Focus Technology (SAFT)

Dr Jan Lundberg, +46 920-491748 Trafikverket Completed

LCC and RAMS for railway vehicles Prof Uday Kumar, +46 920-491826 
Dr Ambika Patra 
2007 - Licentiate Thesis

Trafikverket/JVTC Completed

Maintenance decision support models  for railway 
infrastructure using RAMS &LCC Analyses

Prof Uday Kumar, +46 920-491826 
Dr Ambika Patra  
2009 - Doctoral Thesis

Trafikverket/ALSTOM 
Transport

Completed
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  Project   Project members   Sponsor   Status

Risk based inspection intervals Prof Uday Kumar, +46 920-491826 
Prof Alireza Ahmadi, +46 920-493047

Trafikverket/LTU Completed

Support Vector Machine (data mining) and demonstrator Prof Uday Kumar, +46 920-491826 
Dr Yuan Fuqing  
2011 - Doctoral Thesis

Trafikverket/JVTC Complete

Wear in crossings Prof Jan Lundberg, +46 920-491748 Trafikverket Completed

Technical specifications for crossings Prof Jan Lundberg, +46 920-491748 Trafikverket Completed

Ultrasonic measurements of internal cracks in manganese 
crossings

Prof Jan Lundberg, +46 920-491748 Trafikverket Completed

Infrastructure winter ability analysis Dr Ulla Juntti UIC Completed

Maintenance performance indicators (MPIs) for Swedish Rail 
Administration

Prof Uday Kumar, +46 920-491826 
Dr Aditya Parida, +46 920-491437 
Dr Thomas Åhren 
2008 – Doctoral Thesis

Trafikverket Completed

Design for/out maintenance

Prof Uday Kumar, +46 920-491826 
Dr Håkan Schunnesson 
Dr Stefan Niska 
2008 – Doctoral Thesis

Trafikverket Completed

LCC analysis of railway switches and crossings (S&C).
Prof Uday Kumar, +46 920-491826 
Dr Arne Nissen 
2009 – Doctoral Thesis

Trafikverket Completed

Maintenance strategy for railway infrastructure
Prof Uday Kumar, +46 920-491826 
Dr Ulla Espling (Juntti)  
2007 – Doctoral Thesis 

Trafikverket Completed

Condition based maintenance strategy for railway systems
Prof Uday Kumar, +46 920-491826 
Dr Robert Lagnebäck 
2007 – Licentiate Thesis

Trafikverket, LKAB Completed

Reliability analysis and cost modelling of degrading systems
Prof Uday Kumar, +46 920-491826 
Dr Saurabh Kumar 
2008 – Doctoral Thesis

Trafikverket/JVTC Completed

Improved train punctuality through improvement in engineering 
systems

Prof Uday Kumar, +46 920-491826 
Dr Rikard Granström  
2008 – Doctoral Thesis

Trafikverket, EU-structural 
funds

Completed

Improved punctuality through effective maintenance 
management

Prof Uday Kumar, +46 920-491826  
Per-Anders Åkersten 
Dr Birre Nyström,  
2008 � Doctoral Thesis

Trafikverket, EU-structural 
funds

Completed

Department of Civil, Environmental and Natural resources engineering / Division of Structural and Fire Engineering                       

In2Track2 Dr Thomas Blanksvärd, +46 920-491642 EU/Trafikverket Active

Increased axle loads on railway bridges Dr Thomas Blanksvärd, +46 920-491642 LKAB/HLRC Active

Design performance Dr Björn Täljsten, +46 920-493360 Formas Active

Fr8Rail Prof Lennart Elfgren, +46 920-491360 EU/Trafikverket Completed

In2Rail/In2Track    Cosmin Popescu/Jonny Nilimaa/Björn Täljsten/
Thomas Blanksvärd/Lennart Elfgren

Shift2Rail/Horizon 2020 Completed

Sustainable Bridges Prof Lennart Elfgren, +46 920-491360 EU/UIC Completed

Mainline Prof Lennart Elfgren, +46 920-491360 EU Completed

Assessment of bridge condition Prof Lennart Elfgren, +46 920-491360 
Ulf Ohlsson/Natalia Sabourova 

Formas Completed

Assessment of Vindelälven bridge Martin Nilsson, +46 920-492533 Trafikverket Completed

Assessment of Långforsen bridge Martin Nilsson, +46 920-492533 Trafikverket Completed

Assessment of Byskeälv bridge Lennart Elfgren, +46 920-491360 Trafikverket Completed

Sustainable renovation Björn Täljsten/Jonny Nilimaa, +46 920-493360 Formas/Trafikverket Active

Kiruna mine bridge Mats Emborg, +46 920-491348 LKAB Active
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Department of Civil, Environmental and Natural resources engineering / Division of Mining and Geotechnical Engineering                      

Rock mechanics consequences of fire in tunnels Prof Erling Nordlund, +46 920-491335 
Kristina Larsson

Trafikverket Completed

Structural sound Prof Erling Nordlund, +46 920-491335 
Andreas Eitzenberger + 46 920-492267 
2013 – Doctoral thesis

Trafikverket Completed

Deformation and failure of hard rock Prof Erling Nordlund, +46 920-491335 
David Saiang, + 46 920-491053 
2008 - Doctoral thesis 
Perez, Kelvis 
2013 - Doctoral thesis

Trafikverket Completed

Department of Engineering Sciences and Mathematics/Division of Machine Elements

A pre-study on wheel/rail interface friction management Dr Braham Prakash  
Dr Jens Hardell +46 920-491774

Trafikverket/JVTC/ 
LKAB

Completed

Surface roughness and rail grinding Dr Jens Hardell +46 920-491774 Trafikverket  Completed

Department of Business Administration, Technology and Social Sciences/Division of Business Administration and Industrial Engineering

Improved condition assessment through statistical analysis Prof Bjarne Bergquist, +46 920-492137 Trafikverket/JVTC/ 
LKAB/Infranord

Active

Statistically based maintenance planning for railway Prof Bjarne Bergquist, +46 920-492137 Trafikverket/JVTC Completed

Department of Business Administration, Technology and Social Sciences/Division of Social Sciences 

Status och utvecklingsmöjligheter avseende jämställdhet och 
integration inom järnvägsbranschen

Dr Kristina Johansson Nordic Infracenter Active

Teknikhistoria elektrifiering av Malmbanan Dr Roine Wiklund Trafikverket Completed
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Results
2019

JVTC has successfully been expanding during the last 21 years.  
The financial turnover for 2019 was 35,5 MSEK.

JVTC Contribution 2019

Turnover JVTC Year 2013-2019
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JVTC Management and Administration 2019	 SEK

Ingoing balance	 22 133

Membership fees	 925 000

Funding from JVTC framework	 350 000

TOTAL INCOME	 1 297 133

Salaries personnel	 766 339

Other personnel costs	 56 865

Facilities 	 71 269

IT/Computers	 28 355

Materials	 699

Travel	 40 376

Consultants	 59 655

Other operating costs	 31 578

OH	275 882

TOTAL EXPENSES	 1 331 018

RESULTS JVTC	 -33 885

Total Turnover JVTC area of interest 2017	

JVTC projects LTU	 35 469 211

SUMMA	 35 469 211

Swedish transport 
Administration,  

64%

LKAB, 2% Companies, 3%

Vinnova, 4%

EU, 12%

In Kind,  
12% LTU, 3%

2019
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JVTC Members and Board of Directors
Back row from the left: Per-Olof Larsson-Kråik, Trafikverket; Johan Svanberg, Bane NOR, JVTC Board;  
Veronica Jägare, LTU; Sven Ödeen, Trafikverket, chairman of the JVTC board; Annika Jahnke, Vossloh;  
Jan Lundberg, LTU; Mikael Åstrand, Infranord, JVTC board.

Middle row from the left: Birgitta Olofsson, Tyréns, JVTC Board; Ulla Juntti, Omicold; Dan Larsson, Damill;  
Mats Jonsson, Bombardier.

Front row from the left: Anders Ahlquist, Vossloh, JVTC Board; Bengt Jonsson, eMaintenance365;  
Jonas Lindkvist, Trafikverket; Helena Sjaunja, Sweco; Uday Kumar, LTU, JVTC director;  
Anna-Karin Ylivainio, LKAB, JVTC Board; Susanne Rymell, SJ, JVTC Board.

Missing in the picture from the JVTC board: Thomas Blanksvärd, LTU; Elisabet Kassfeldt, LTU. 

Contact:
Veronica Jägare
JVTC Deputy Director
veronica.jagare@ltu.se
0920-491629
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JVTC, Luleå Railway Research Center, Luleå University of Technology, SE – 971 87, Luleå, Sweden

Tel: +46 920 49 1000, Fax: +46 920 49 1935

Website: www.ltu.se/centres/jvtc


