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1. Nyckeltal

Externa forskningsbidrag 2025: 22,8 mnkr

varav foretagsparter: 0,62 mnkr; Excellens jarnvag (Trafikverket): 5,75 mnkr; EU Rail
(Trafikverket): 16,45 mnkr

Fokusomraden inom forskning: 8
Hallbara och miljovanliga spartrafiksystem, Tillstindsbaserat underhéll av bana och
fordon, Tribologi, Stromavtagning och kontaktledning, Jirnvagsbroar, Signalsystem,
Godstrafik, Systemperspektivet

Antal helt eller delvis finansierade doktorander i projekt: 11

2. KTH Jarnvagsgruppen

Mal for verksamheten

Jarnvagsgruppen ar ett forskningscentrum vid KTH som, i samverkan med branschen,
amnar att bli ett ledande centrum for forskning och utbildning inom jarnvigsteknik. Den
gemensamma namnaren ar kunskapsuppbyggnad inom spartrafik som tiacks genom ett
stort antal tillampade forskningsomraden och kurser.

Medlemmar
Trafikverket, Alstom, Green Cargo och Predge ar anslutna medlemmar i KTH
Jarnvagsgruppen.

Under aret har samtal forts med flera potentiella medlemmar om tilltrade.

Avtalsperioden 2025-2028

Avtalet for fortsatt verksamhet under fyra ar (2025-2028) undertecknades av KTH i
november och av parterna (forutom Green Cargo) i november-december efter en utdragen
administrativ process.

Rektor for KTH har for avtalsperioden beviljat Jarnvagsgruppen ett bidrag av 1 mnkr/ar,
vilket dr ett stod som tillfaller centrum vid KTH som uppfyller kriterierna om extern
finansiering (minst 6 mnkr/ar). Det var ett tag oklart om Jarnvagsgruppen ar berattigad
till detta stod sedan Trafikverket for 2026 aviserat att man drar in en stor del av
excellensmedlen, men genom att inkludera forskningsmedel fran EU Rail enligt
samarbetsavtalet med Trafikverket far Jarnviagsgruppen detta stéd under hela
avtalsperioden.

3. Verksamhet 2025

Samordning inom KTH

Forskningscentrumet Jarnvagsgruppen verkar som samordnande organ inom KTH nar det
géller forskning och utbildning om spartrafik. All forskning och undervisning, utom
administrativa funktioner och gemensamma evenemang, bedrivs dock inom KTH:s
linjeorganisation med skolor, institutioner och avdelningar. Administrativt tillhor
Jarnvagsgruppen SCI-skolan.

Utbildning

Jarnvagsgruppen ger varje var en fort- och vidareutbildningskurs, Railway Systems
perspectives. Kursen ar en betalkurs som riktar sig till medlemsforetagens tekniska
specialister och andra yrkesverksamma inom jarnvag, dar vi aven bjuder in andra foretags
anstéllda i man av plats. Kursen har nio kursdagar, varje tisdag under en period i april och
maj, och ges pa engelska. Carlos Casanueva ar kursansvarig.
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Strukton Rail bidrog 2025 till kursen Systemkonstruktion som bestillare av en
batteridriven ralsbil for kontaktledningsbyten, 80 studenter jobbade under varen 2025
med konceptframtagning.

Avdelningen for sparfordon har under aret gett ut nya upplagor av lairobéckerna i
spartrafiksystem och sparfordon, som framst ar avsedda for masterskurser i
sparfordonsteknik:

Andersson, E., Berg, M., Stichel, S., Casanueva, C., Liu, Z., & Leung, J. F. W. (2025). Rail
Systems and Rail Vehicles : Part 1: Rail Systems (4th ed.). Retrieved from
https://urn.kb.se/resolve?urn=urn:nbn:se:kth:diva-371792

Andersson, E., Berg, M., Stichel, S., Casanueva, C., Liu, Z., & Leung, J. F. W. (2025). Rail
Systems and Rail Vehicles : Part 2: Rail Vehicles (4th ed.). Retrieved from
https://urn.kb.se/resolve?urn=urn:nbn:se:kth:diva-371794

Utatriktade evenemang

Jarnvag 250

KTH tillsammans med Trafikverket har haft tvd m6ten under aret (24 april och 4
november) med titeln Jarnvag 250. I denna grupp informerar och diskuterar vi utveckling
av jarnvag for hoga hastigheter, sarskilt tekniska fragor. Gruppen harstammar fran tidigare
planering for nya stambanor men speglar nuvarande planeringsinriktning med nya och
upprustade linjer som dimensioneras for hastigheter pa upp till 250 km/h.

Varseminariet

Vérseminariet holls traditionsenligt i maj (15 maj 2025) med inbjudna talare och dhorare.
Arets tema var Jédarnvégens roll vid olika beredskapsligen — hur far vi till
systemagerande? Sju talare, varav sex externa och en fran KTH, berattade om olika
aspekter pa beredskap for 58 deltagare.

Jarnvagskvallen

Den 1 oktober anordnade vi Jarnvagskvallen, dar Jarnvagsgruppen samlar foretag som vill
handleda examensarbeten och skapa kontakter med studenter. Under Jarnvigskvillen
sker matchning, informationsutbyte och natverkande. Evenemanget ar uppskattat inte
minst for studenter som planerar sin karriar och foretag som manar om
kompetensforsorjningen.

Ovriga evenemang

Jarnvagsgruppen (Oskar) ingick i juryn i Swedtrains arliga examensarbetstavling for basta
examensarbete inom jarnvag, diar vinnaren presenterades under Train & Rail 2025.

Jarnvagsgruppen medverkade som utstillare tillsammans med Charmec (Chalmers) och
Jarnvagstekniskt centrum (JVTC, Lulea tekniska universitet) vid massan Train & Rail 2025
i Alvsj6 6-8 maj. Under JVTC:s initiativ hade vi en bemannad monter med
askadliggorande modeller och texter dar nya kontakter knots.

Den 27 maj holl NJS ett seminarium dar Oskar Froidh fran Jarnvagsgruppen medverkade
med ett foredrag bendmnt Persontrafikens pris- och utbudsutveckling 1990—2024.

SJ AB:s inkopsavdelning besokte KTH den 29 augusti och fick veta mer om var forskning
av medverkande forskare sirskilt med inriktning pa fordon och kapacitetsfragor. Aven
Roller rig forevisades.

Jarnvagsbranschens samverkansforum (JBS) hade ett rekryteringsevenemang den 15
september kallat Jarnvagsdagen riktat till branschen och studenter. Jirnvagsgruppen
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medverkade med personal.

Den 17 oktober bjod SJ AB in influencers (i det har fallet personer som sprider information
om tagresande) till ett evenemang kallat Klimatfrukost i Kungliga vantsalen pa Stockholms
central. Oskar medverkade fran Jarnvagsgruppen sida med fakta under ett panelsamtal.

Den 14 november holls ett seminarium pd KTH ihop med Chalmers och VTI om
spartrafikens buller- och partikelemissioner under ledning av Ellen Bergseth. Totalt 12
medverkade pa plats och 3 medverkade online.

4. Forskarutbildning

Jarnvagsgruppen finansierar delvis, med kompletterande bidrag fran Trafikverkets
Excellensprogram jarnvig, tva doktorander inom omradena friktionsmodifierare
(tribologi) resp. cybersikerhet. Ovriga doktorander inom spartrafik och jirnvigsteknik
finansieras pa andra sitt (Excellens jarnvag, Europe’s Rail respektive enskilda projekt;
Trafikverket, samt andra finansiarer).

Tekn. licentiatexamina under 2025

Jonathan Stenberg: Railway bridge dynamic amplification factors — Investigation of
effects from track irregularities. TRITA-ABE-DLT-258 (finansierad av Trafikverket,
Europe’s Rail)

Francesco Bruno: Assessing the potential of policies targeting air-to-rail modal
substitution. An explorative analysis. TRITA-ABE-DLT-2534 (finansierad av statliga medel
inom Transport Research Environment with Novel Perspectives, TRENoP).

Kapacitet i jarnvagstrafiken (KAJT) riaknas som ett separat centrum men KTH,
avdelningen for transportplanering ar verksamt savil i Jarnvagsgruppen som i KAJT. Vi
drar nytta av samordningsvinster nar det giller personal och kompetens. En
licentiatavhandling inom KAJT namns har:

Elin Hellblom: Evaluating the effects of an improved timetable compression model for
railway capacity calculations. TRITA-ABE-DLT-2522 (finansierad av Trafikverket/KAJT).

Tekn. doktorsexamina under 2025
Yanjun Zhang: Thermal Analysis of Mechanical Brakes in Rail Vehicles: Modeling and
Simulation. TRITA-SCI-FOU 2025:55 (CSC scholarship/stipendium).

Prapanpong Damsongsaeng: Control systems and control strategies of active wheelset
steering of railway vehicles. TRITA-SCI-FOU 2025:53 (stipendium fran thailandska
staten).

Elham Khoramzad: Wheel and Rail Profile Design: Multi-Objective Optimisation of the
Wheel-Rail Interface Using Dynamic Simulations to Minimise Wear and Rolling Contact
Fatigue. TRITA-SCI-FOU 2025:68 (finansierad av KTH myndighetskapital).

5. Ledning

Forestandare

Sedan tilltradet den 1 juli 2024 har Oskar Froidh varit forestandare for KTH
Jarnvagsgruppen, da han eftertradde Sebastian Stichel. Ellen Bergseth verkar som
bitradande forestandare och ger en virdefull forstarkning av planering och genomférande
av aktiviteter och natverkande. Med huvudavtalet har KTH utsett Oskar for hela
avtalsperioden 2025-2028.
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Styrelsemoten

Under aret har héllits fem styrelsemoten i Jarnvagsgruppen, fyra ordinarie och ett extra.
Motena 6 mars, 1 och (det extra) 18 december har hallits pa KTH, medan den 16 maj holls
hos Trafikverket i Solna strand och den 19 september hos Alstom i Liljeholmen. Eftersom
huvudavtalet inte blev underskrivet forrin i slutet av aret har de fyra forsta motena kallats
interrimsstyrelsemoten. Det extra styrelsemotet behandlade dndringar i
verksamhetsplanen samt Bentley Systems tilltride som medlem fr.o.m. 2026.

Interimsstyrelsen har 2025 haft foljande sammansattning:

Ordforande
Josef Malas, Trafikverket

Ledamoter

Pernilla Edlund, Trafikverket

Magnus Forsén, Alstom

Linda Ankarberg, Alstom

Fredric Bonnevier, Alstom (enbart moéte 1-2025)
Mandeep Singh Walia, Green Cargo

Wolfgang Birk, Predge

Henrik Tengstrand, Jarnvagsklustret i Vasteras (enbart méte 1-2025)
Anders Lindahl, KTH ABE

Raid Karoumi, KTH ABE

Ellen Bergseth, KTH ITM

Stdende inbjudna

Roger Lundén, Charmec

Veronica Jagare, JVTC

Gustaf Engstrand, Tégforetagen (varen 2025)
Lina Lagerroth, Tagforetagen (hosten 2025)
Sebastian Stichel, KTH SCI

Mats Berg, KTH SCI

Carlos Casanueva, KTH SCI

Stefan Ostlund, KTH EECS

Under aret har Henrik Tengstrand, Jarnvagsklustret i Vasteras, och Fredric Bonnevier,
Alstom, avgétt ur styrelsen. Linda Ankarberg ersitter Fredric frdn Alstom. Daremot har vi
ingen mer representant for Jairnvagsklustret.

Utover dessa personer har motena haft inbjudna gaster respektive adjungerade ersattare
for ordinarie ledamoter.
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6. Ekonomi

Externa forskningsbidrag 2025: 22,8 mnkr

varav foretagsparter: 0,62 mnkr; Excellens jarnvag (Trafikverket): 5,75 mnkr; EU Rail
(Trafikverket): 16,45 mnkr

Jarnvagsgruppens egen budget omfattar intdkter fran parterna samt internt bidrag fran
KTH, exklusive forskningsfinansiering fran Trafikverket. Kostnaderna ar
forskningsfinansiering i form av bidrag till tva doktorander samt administrativa kostnader
inklusive ersittning till forestdndare och bitridande forestandare.

Utfall 2025 (tkr) = Anm.

IB 2025 575 Ingaende balans

Inbet. kontraktsmedel 2025 100 = 1) Avser forsenade inbet 2024

Kommande inbet. 2025 625 2) Avser forsenade inbet 2025

Rektorsmedel KTH 2025 1000

Transfereringar/fakturering for doktorander 2025 | -1200

Transfereringar forestandare 2025 -282 | 3) Full utbetalning for forestandare kan géras
forst nar 2) har skett

Administration 2025 -120

Prel UB 2026 698 Utgaende balans (se anmarkningar)

Den utgdende balansen motsvarar bokforingen per kalenderar och inkluderar kortfristiga
skulder och fordringar. Den utgdende balansen ar budgeterad att minska over tid, sé 4ven
2025.

7. Ovrigt

Medlemskap

KTH Jarnvagsgruppen ar medlen i EURNEX, the EUropean rail Research Network of
EXcellence, som ar en samverkansorganisation for vetenskapliga institut och universitet
inom jarnvagstransporter och mobilitet.

Fran hosten 2025 ar Jarnvagsgruppen aven medlem i UIC AUHSR som ska uttydas
Internationella jarnvigsunionens Alliance of universities for high-speed rail.

Dessa samverkansorgan ar en del av det internationella natverkandet med andra
universitet och betraffande UIC ocksa jarnvagsforvaltningar. Avsikten ar att samverka med
ansokningar och projekt inom jarnvagsforskning och att starka var ambition att bli ett
ledande centrum inom jarnvagsteknik och spartrafikutbildning.
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Bilaga 1: Statusrapporter helar 2025, per fokusomrade
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Statusrapporter helar 2025, per fokusomrade

Fokusomrade | Projekt Projektledare Doktor- | Pagar Utfall helar
d- 5 o

Finansiering z:,ojekt (signalférg),

Jvg: Jamvégsgr. anmérkning

Eo: Excellensomr.
ER: Europe’s Rail

Hallbara och miljovénliga spartrafiksystem

Sustainable and envir. friendly rail transport systems

ER FP4

Rail4Earth

Sebastian Stichel

Ja

2023-2026

ER FP6

Tillstandsbasera

Future: Regional lines

t underhall av fordon och bana

Condition monitoring of Vehicles and Track

Sebastian Stichel

Ja

2022-2026

Eo1.5 Onboard condition monitoring of Sebastian Stichel | Ja 2024-2029
ER FP3 vehicle-track dynamic interaction
(RV29)
Tribologi Tribology |
Jvg (50 %) Friktionsmodifierares tribologi for Ellen Bergseth Ja 2023-2028
Eo1.7 sparfordon
Stromavtagning och kontaktledning
Current collection and catenary
E05.2 Pantograph-Catenary Interaction Sebastian Stichel | Ja 2021-2026 | Forlangs 2026
(Rv43)
Jarnvagsbroar Railway bridges \
Eo4b.4 Machine learning for detoriation John Leander Ja 2022-2027
prediction of existing railway
bridges
Eodb.5 A framework for acceptable risk Raid Karoumi Nej 2024-2025
level of railway bridges: An
application for running safety
criteria continuous data streams
ER FP3 IAM4RAIL: Sustainable and cost- Raid Karoumi Ja 2022-2026
efficient eco-design for rail assets
Signalsystem Signalling systems \
ER FP2 R2DATO Mats Bengtsson Ja 2022-2026
Eob Excellensomrade 6 Mats Bengtsson Ja 2021-2030
Jvg (78 %) RailTrust; Trustworthy Autonomy Gyorgy Dan Ja 2022-2027
E06.8 for Railways

Godstrafik Freight services

|

ER FP5 TRANS4M-R Behzad Kordnejad 2022-2026 _

Systemperspektivet Systems perspective

Eo10

Excellensomrade 10

Ellen Bergseth

Nej

2021-2030

Saknar f n medel
2026
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Rail4Earth
Fokusomrade Focus area Hallbara och miljovanliga spartrafiksystem
Sustainable and environmentally friendly rail
transport systems
Projektledare Project leader Sebastian Stichel
Doktorand(-er) PhD students Péter Bondér, Prasidya Wikaranadhi, Divya Bharati

M, Karolina André (finished end of Februari 2025)

Ovriga projektmedarbetare Other project members Carlos Casanueva, Zhendong Liu, Qianwen Qu,
Rickard Persson, Per Wennhage, Romain Rumpler,
Stefan Wallin, UIf Olofsson

Projektperiod Project duration 2023-01-01 to 2026-12-15
Finansiering, omrade Funding, area EU-Rail, Trafikverket
Budget, totalt (mnkr) total, SEK millions 17,024 mnkr

Budget, per ar (tkr) per year, SEK thousands 2023: 2554 tkr

Specificerad for varje finansiar Specified for each funder | 2024: 3405 tkr
2025: 5958 tkr
2026: 5107 tkr

Project aim

Rail4Earth is covering the Sustainable and green rail systems including rolling stocks,
infrastructures, stations and all of their related sub-systems. The objectives are to
significantly progress on several families of Key Performance Indicators on different fields:
technical, environmental, economical, standardisation.

Stakeholders
EU-Rail, Trafikverket

Summary of the project

The decarbonisation of Diesel trains, noise and vibration reduction, energy savings, circular
economy, resource consumption, resilience to climate change and pandemic attack,
attractiveness of passenger trains are at the heart of the proposed project. The consortium
carrying out the project is made of recognized world-class know-how partners: operators, train
and subsytems manufacturers, research and technology laboratories. It will perfectly identify
the precise needs of operators including implicitly the European public policies of sustainable
transports, including Climate Neutral Europe for 2050. It will provide the needed scientific
and technical solutions via the development and demonstrations (up to TRL7) of new solutions
increasing drastically the environmental performances of the railway holistic system. These
new solutions will be proposed while verifying that they have viable economic models ensuring
a rapid commercialization for the benefit of European citizens. Driven with a constant will for
performance, the project will regularly quantify its KPIs progress and will communicate
regularly with other ERJU projects as well as other European research entities such as Clean
Hydrogen JU or Batt4EU so that all suitable synergies can be implemented.

Nytt senaste aret (2025) News past year (2025)
Text copied from status report sent to Trafikverket in November 2025:
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In WP1 Energy Management & Pre-standardisation for Alternative drive trains and related
railway system, KTH participates in both tasks, “Pre-standardisation” and “Smart Energy
Management”. In the Pre-standardisation package KTH supports the group with a Swedish
perspective and context. In the Smart Energy Management the heaviest focus lies on the
system-level energy simulation including Energy Functions. Specific Energy Functions to be
simulated have been agreed upon and KTH works now on implementing these in the in-
house energy calculation tool and including infrastructure, operational and vehicle models
for holistic optimization studies. Work has continued on long-term system-level impacts of
BEMU battery degradation, with a research article being written for publication in a peer-
reviewed journal. KTH has also contributed to the latest deliverable D1.2, setting up the
upcoming work until the end of the project. Since August, the work has focused on modelling
low-fi dynamic HVAC energy needs that will be used in system-level analyses.

In WP2 Adaptation to climate change, KTH is involved in the implementation of the EU
climate adaptation strategy to make the railway sector resilient to climate change. KTH
regularly organizes workshops, attends the meetings, collects needed information,
contributes to deliverables and gives feedback/support to other partners. KTH is contributing
to writing Selection of methodological guide for risk assessment of railway infrastructure and
reviewing existing standards in Deliverable D2.2. KTH has organized workshops to map the
impact of a heat wave on overhead line and writes corresponding sections in the deliverables.
KTH has also contributed to the full paper for the TRA conference. KTH has also joined the
planning for the possible work later in the project and participated in the planning work for
the next wave of Rail4Earth.

In WP3 Noise and Vibrations, KTH is mainly involved in Task 3.1 “Further improvement of
noise source characterization” where KTH researchers have continued the work on
equivalent modelling of complex acoustic sources with clusters of monopoles. The modelling
chain that was implemented (matlab and Comsol), following a review of deconvolution
methods and their implementation on academic cases, was used to test multiple parameters
pertaining to these deconvolution techniques and their suitability to represent acoustic
sources increasing in complexity. Following the implementation and testing of these
approaches on a replication of an industrial-type of case, using the combined Matlab-Comsol
framework, the methodology and results have started to be reported in the project report
with the rest of the consortium for Task 3.1 A report planning meeting was held, organized by
SNCF, on 6 November, where we agreed on the distribution of the tasks for reporting the
results obtained.

In WP4 Circular economy, KTH is mainly involved in Task 4.1 Environmental data
management tool and environmental indicators. KTH regularly organizes workshops, attends
the meetings, collects needed information, contributes to deliverable and gives
feedback/support to other partners. KTH joins three subtask groups: Energy, Materials and
Infrastructure. KTH has been joining the regular meetings and workshops of the three
subtask groups to collect information and provide feedback. In the energy task group, KTH
verified the effectiveness of KTH’s energy calculation tool and performed calculations of train
energy efficiency of a Swedish train for comparison. In the infrastructure and material task
groups, with support of TRV, KTH has also provided information of some railway sleepers to
other groups for benchmarking to show the level of Swedish railway on the corresponding
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aspects and performed some calculation on recyclability and CO2 emissions. KTH also
suggested studying rails and overhead lines (which have material loss during operation) as a
case study for further studies.

In WP5 Development of alternative propulsion based on ESS, different KTH departments
participates in different tasks.

Task 5.1 (M1—M12) was already finished in the previous status report, the focus of KTH and
TRV work being support for infrastructure-related questions concerning standardisation.

Task 5.3 (M1-M24) The work focuses on implementing precise energy calculation tools that
include battery components, and related EF and vehicle-based Energy Functions. The focus
in KTH is on modelling Energy Functions that are relevant for Swedish cases such as those
for winter conditions (Battery pre-conditioning, Vehicle pre-conditioning). A closer
collaboration with manufacturer CAF has been initiated. In November 2024 KTH delivered
an energy calculation benchmark and related studies and has agreed to contribute to the
report writing of the final deliverable. The simulation and analysis work is to be delivered by
December 2024, and the reporting will go over to 2025 due to the delay of other tasks in
WP5. The collaboration and the modelling work is expected to carry on to WP6, after the
closing of WP5. D5.5 is now under internal review in the WP before submission at the end of
March 2025.

In WP6 the work regards the development of a Nordic BEMU prototype. Work has started
with KTH engaged in case study discussions together with CAF and Jernbanedirektoratet
(Norwegian Railway Directorate) to select suitable systems for BEMU operation. Ongoing
work focuses on gathering and facilitating information related to non-electrified operations
in Sweden and Norway, including proposals for partial electrification of lines in both
countries, and the ongoing preparation of a workshop for understanding the needs of train
operators. Since august interviews have been carried out for defining best case in Sweden,
CAF has provided own BEMU data for the simulation of energy needs, and Trafikverket has
provided the track data needed for completing energy use and autonomy analyses.

In WP7 Development of alternative propulsion based on hydrogen, KTH is mainly working
on energy management and increasing system-level efficiency. KTH has surveyed the
research field and has further developed hydrogen traction systems code that can be linked to
the KTH energy simulation tool, in order to enable railway system-level optimisation studies
in the future. The work is to be delivered by December 2024, but the modelling and
optimization work is expected to carry on to WP8, starting in January 2025. WP7 is now
closed and reported, and the lack of coordination and engagement within the work package
has been highlighted. This has been flagged continuously in discussions between KTH and
TRV and we see the same risk in WP8.

WP8 work has not started yet, KTH is pressing to get engaged in task 8.1 where we
participate together with Talgo, ADIF and more. In the initial meeting in February not all
partners were invited, and Talgo has promised to invite everyone to upcoming meetings.

I In WP 10 we have completed task 10.2.1, and task 10.2.2, and is in the progress of 10.2.3.
Task 10.2.1: we have built the global simulation model of the whole system consisting of
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power network, SFC, train load, with use case examples in Malmo. A paper draft is completed
as summary of the work. Task 10.2.2: We have conduct investigation of different energy
storage, converter topologies and associated control strategies. Furthermore, we design and
control of existing static frequency converter with BESS to achieve peak power shaving for
the three-phase industrial network, and design and control of existing static frequency
converter with BESS to achieve peak power shaving for the three-phase industrial network.
We also simulate transient performance for converters with ESSs, considering different
topologies, controls, and ESSs. The second paper draft is finished. Based on the work on
Task 10.2.1 and 10.2.2, we complete the milestone report 10.2 and submit it. We also start
Task 10.2.3 that we build the mathematic model and energy management system with the
integration of energy storage, and test 3 practical cases in Sweden , which achieves around
15% electricity cost saving, 10% overall cost saving. Peak power shaving and enhanced energy
efficiency is also achieved. We also start to build the model with integration of renewables.

In WP15 (Task 15.2) KTH has received data during summer and autumn 2024 from Wabtec
to perform simulations on the dynamic pantograph-catenary interaction with the new
actively controlled pantograph developed by Wabtec within the project. Simulations were
performed using the CaPaSIM simulation tool developed by KTH and TRV. These results
were compared to the dynamic behavior of a conventional pantograph and to simulations
performed at Wabtec. The results are included in the deliverable due in December 2024. In
the first half of 2025, an extended analysis procedure for the identification of dynamic
differences between the pantograph models was prepared and used on the previously
available simulation data. In addition, a set of catenary structure examples with
measurement-based geometry variations has been prepared to extend the set of simulation
cases to be tested and compared. As soon as the updated pantograph model parameters are
delivered by Wabtec in autumn 2025, a new series of comparative simulation will be run, in
which the extended analysis procedure and geometry variation sets will be used. In the
meantime, we are participating in the monthly meetings and have agreed on the continued
cooperation in 2025 and 2026.

In WP17 (Task 17.1) KTH is working on a further development of the single axle running gear
suggested for a metro in Run2Rail. The intension is simplifying the design further by
omitting the running gear frame, reducing the number and size of the active components
needed. This goes in hand with the work in WP15 (Task 15.3) where we are working on a
suspension concept supporting the compressed air free train. Conventional coil springs and
small vertical electro-dynamic actuators here replace the air springs. A vehicle dynamics
simulation model incorporating active wheelset steering (part of Task 17.3) has been
developed to evaluate system performance. A new control concept for active wheelset
steering has been proposed, in which the wheelset’s self-steering capability is supported by
longitudinal actuators. Initial simulation results indicate that only limited active forces are
required, which will positively impact the required actuator size.

In WP16 (Task 16.1) KTH concluded a review of lightweight running gear concepts, past
projects, and recyclability and other 10R circular economy strategies. Work on material
selection, that goes with parallel to car body material selection, has been presented with focus
on car body at a conference in September 2025. The work on life-cycle properties and cost
modelling is ongoing with proposed ways to incorporate WP17’s single axle running gear with
the evaluation of carbon fibre and conventional steel running gears. This work is expected to
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culminate in a conference paper and could potentially help in the work to compare the
concept by DLR with the KTH concept, while providing insightful information on carbon-
fibre composite running gears throughout the whole life cycle.

The role of KTH in WP20 is to provide knowledge and best practice on advanced numerical
simulations of train aerodynamics (CFD). The KMF-Regio generic train model by DLR
Gottingen is used for the CFD method and validation studies by all partners. KTH has
completed a study of the aerodynamic details of the DLR wind tunnel for assessing the best
and simplest CFD setup of the model mounted in the wind tunnel. KTH has perform CFD
analysis of the model scale train mounted in the wind tunnel and derive the wind tunnel
installation and scaling effects including effect of bogies, mounting sword as well as the
reference roof configuration. The effects of the wind-tunnel confinement. and scaling to full
scale have been assessed. First and second wind-tunnel campaigns in Géttingen are
completed including different roof configurations. The empty roof introduces additional drag
due to the abrupt steps of the geometry. KTH has designed a shield to be mounted to the
front and rear heads and KTHs CFD results showed that the additional drag can be
eliminated by these shields. The shield was manufactured and tested in the wind tunnel as
well confirming the drag reduction. A proper validation of our CFD results with the wind-
tunnel data is ongoing including identification of the different sources of differences. Then,
we will perform CFD analysis of a selection of roof configurations. Furthermore, KTH has
contributed to the second deliverable D20-2.

In WP23 KTH is working on a further development of the simulation model to predict the air
quality at underground railway platforms. This model has now been updated to include the
influence of different trains and also differences in track infrastructure (curve radiuses close
to the platforms). This work has been published in one journal article and also presented at
one conference. KTH has shared a year's worth of measurement data from an underground
platform in Stockholm with SNCF and ProRail and has also received one year of data from
one of SNCFs underground platforms. KTH will use the data from SNCF and also the
current measurement data generated at Arlanda C to further develop the model. KTH has
established a measurement station at Arlanda C that is calibrated according to the norms for
outdoor quality and has now generated 18 months of data from there. On-going work is
source appointment studies together with ProRail (TNO). Here, the aim is to determine the
contributions from the wheel-rail contact, the mechanical brakes and the electric power
transfer system. KTH has here developed new algorithms for source analysis and presented
this results at the WP23 meeting in Stockholm in June 2025. Further a report has also been
internally distributed here and a manuscript has been submitted for publication. KTH has
also at Arlanda C further evaluated the measurement quality when using low-cost sensor for
the mass measurement of airborne particles. The low-cost sensors are further used to map
the differences of the air quality at different positions at the underground platform. This
work has so far been presented at a conference and at the WP23 meeting in Stockholm in
June 2025 and is also reported in the latest version of the WP23 report to the Rail4Earth
project. Further on-going work is also to relate other short-term measurement campaigns to
the long-time air quality measurements. KTH has now initiated the evaluation of using top of
rail friction products to reduce the amount of particle emissions in the wheel rail contact. A
measurement station for air quality has been placed at Ostermalmstorgs metro station and
region of Stockholm has started a top of rail friction modifier system in the sharp curves
between T-centralen and Ostermalmstorg. KTH has also participated in a weeklong
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workshop on using machine learning to predict air quality and underground platforms
together with TNO and SNCF. KTH has also participated in writing a short article to the
Trafikverkets web.

Mojlig implementation Possible implementation

Hur forskningsresultaten kan komma till anvindning hos intressenter i stort svil som sméatt, samt behov av
vidareutveckling eller fortsatt forskning. How the research results can be used by stakeholders, both large and
small, and need for further development or continued research.

Vetenskapliga publikationer Scientific publications

Samtliga artiklar, konferensbidrag, bokkapitel och rapporter i projektet i omvénd kronologisk ordning, dvs.
senaste bidrag 6verst. Anvand det referenssystem du brukar. All articles, conference papers, book chapters and
reports in the project in reverse chronological order, i.e. most recent contribution at the top. Use your usual
referencing system.

Popularvetenskap, seminarier, medier Popular science, seminars, media
Bidrag, inlagg och resultatspridning som kan ge uppmarksamhet och inflytande, i omvénd kronologisk ordning.
Contributions, posts and dissemination of results that can generate attention and influence, in reverse
chronological order

Ovrigt Others

Sarskilda omstindigheter som inte ryms under annan rubrik. Special circumstances that do not fit under
another heading
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Future
Fokusomrade Focus area Hallbara och miljovanliga spartrafiksystem
Sustainable and environmentally friendly rail
transport systems
Projektledare Project leader Sebastian Stichel
Doktorand(-er) PhD students Chenyang Yan, Péter Bondar, Prasidya

Wikaranadhi, Emil Jansson

Ovriga projektmedarbetare Other project members Mats Bengtsson, Mats Engwall, Rickard Persson,

Per Wennhage
Projektperiod Project duration 2022-12-01 to 2026-10-31
Finansiering, omrade Funding, area EU-Rail, Trafikverket
Budget, totalt (mnkr) total, SEK millions 15,882 mnkr
Budget, per ar (tkr) per year, SEK thousands 2022:

Specificerad for varje finansiar Specified for each funder | 2023: 3696 tkr
2024: 4062 tkr
2025: 4062 tkr
2026: 4062 tkr

Projektets syfte Project aim

The overall objectives of the FutuRe project are to ensure the long-term viability of the
regional railway by reducing the total cost of ownership (TCO), while ensuring high service
quality and operational reliability.

Intressenter Stakeholders
Trafikverket EU-Rail

Sammanfattning av projektet Summary of the project

Regional railway (lines with lower usage or secondary network) plays a crucial role not only
in serving European regions, but also as feeders for passenger and freight traffic for the
main/core network. Therefore, they have an essential function as an environmentally friendly
mode of transport. In addition is as well essential their link to other public transport services
(e.g. bus) and to first and last mile services, such as bikesharing, cycling, walking or driving
to get from/to stations to remote locations. Unfortunately, many of these routes were
abandoned in the past - mainly due to high costs. Therefore, these rail lines need to be
revitalized or even renewed to make them economically, socially and environmentally
sustainable and to meet current customer needs and challenges.

The overall objectives of the FutuRe project are to ensure the long-term viability of the
regional railway by reducing the total cost of ownership (TCO), while ensuring high service
quality and operational reliability. It also aims to increase customer satisfaction and to make
rail an attractive and preferred mode of transport. Therefore, the main objectives of FutuRe
are: lowering CAPEX system costs, increasing productivity by lowering OPEX (unit costs per
train kilometre), and improving customer satisfaction.

These goals are to be achieved through a concept tailored to regional railways but
transferable across Europe, encompassing digitalisation, automation and the use of common
and new technologies for signalling and track components, rolling stock and customer
information. Cost drivers such as infrastructure and energy components, e.g. trackside train
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detection (axle counters, etc.) and level crossing control systems, will be replaced by less
costly wireless and energy-autonomous components. In addition, a modular and
standardised vehicle concept specifically tailored to the requirements of regional lines
becomes needed, as well as a range of attractive services.

Nytt senaste aret (2025) News past year (2025)

WP3 har overgétt till WP8. Diar samarbetar KTH med VTI och NTNU (Norge) gillande
demonstrationen med ett fjarrstyrt fordon. KTH har en st6ttande roll i projektet och deltar pa
alla interna moten mellan VTT och NTNU. Med det egentillverkade fordonet har alla
anviandarfallen genomforts framgangsrikt vid demonstrationer i Vadstena och i Namsos
(Norge). KTH deltog under demonstrationen i Namsos genom att kora upp utrustning och
deltagande under testerna. KTH har granskat 50%-versionen av D8.2 och kommer att
granska kommande versioner, ifall behov finns. KTH var med och anordnade ett ATO-
seminarium under Train & Rail varen 2025 dar bland annat fjarrstyrning diskuterades.

WP4 har nu gatt 6ver till WP9, dar vi har fortsatt studierna av olika sensorlosningar for
hinderdetektion och forberedelsen av den mindre demonstrator av hinderdetektion som vi
kommer att genomfora inom T9.4 under 2026. Forskningsmassigt, har vi speciellt fokuserat
pa sensorernas prestanda i regniga och snoiga forhallanden och arbetet har resulterat i en
inskickad tidskriftsartikel och en presenterad konferensartikel. En initial studie av
affairsmodeller har leverarats i D4.4, men en utforligare affirsmodellsanalys har senarelagts
till WPotills dess att det finns en enighet kring den grundlaggande systemarkitekturen.

WP5 har nu gitt 6ver i WP10. KTH leder WP1o0 vilket ar ett stort arbetspaket for KTH som
involverar detaljerade studier inom lattviktskonstruktioner och mekaniskt aktiva system for
att mojliggora kostnadseffektiva regionalfordon med kapacitet upp till 100 passagerare.
Inledande studier har utforts rorande livscykelegenskaper for strukturelement, foretradesvis
korgstruktur. Ett designforslag for en sandwichkonstruktion har tagits fram och ett ramverk
baserat pa existerande standarder och praxis har etablerats. Vad galler aktiv fjadring sa
utvecklar doktoranden den aktiva radialstyrning som det tilltdnkta tvaaxliga fordonet
behover for att minska slitage och rullkontaktutmattning i kurvor. Doktoranden testar olika
uppldagg som han jamfor med varandra. KTH leder WP10 huvudsakligen genom regelbundna
virtuella moten samt rapporterar till FP6s ledning. KTH sékerstiller vidare koppling till FP4
inom flera omraden samt granskar leverabler inom FP6.

Mojlig implementation Possible implementation

Inom projektet utvecklas en ny generation regionalt jarnvagsfordon som ska kunna
konkurrera med busstrafik pa mindre trafikerade banor i Europa. For att kunna vara
konkurrenskraftig behover fordonet vara billigare an dagens fordon men ha hogre komfort an
t.ex. gamla ralsbussar. Viktigt ar inte bara ett 1agt inkopspris utan ocksa laga
underhallskostnader.

Vetenskapliga publikationer Scientific publications
Bidrag till FutuRe D4.1, D4.4., D5.1 D 10.1

Persson, R., Lochman, L., Konig, J. (2025). Regional Rail Rolling Stock Requirements and
Specifications. In: McNally, C., Carroll, P., Martinez-Pastor, B., Ghosh, B., Efthymiou, M.,
Valantasis-Kanellos, N. (eds) Transport Transitions: Advancing Sustainable and Inclusive
Mobility. TRAconference 2024. Lecture Notes in Mobility. Springer, Cham.
https://doi.org/10.1007/978-3-031-85578-8 69
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Popularvetenskap, seminarier, medier Popular science, seminars, media
Bidrag, inlagg och resultatspridning som kan ge uppmarksamhet och inflytande, i omvand kronologisk ordning.
Contributions, posts and dissemination of results that can generate attention and influence, in reverse
chronological order

Ovrigt Others
Sarskilda omstindigheter som inte ryms under annan rubrik. Special circumstances that do not fit under
another heading
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Onboard condition monitoring of vehicle-track dynamic
interaction

Fokusomrade Focus area Tillstandsbaserat underhall av fordon och bana

Projektledare Project leader Sebastian Stichel (Mats Berg)
Doktorand(-er) PhD students David Prifer
Ovriga projektmedarbetare Other project members Alireza Qazizadeh, Jonathan Leung
Projektperiod Project duration 2024-2029
Finansiering, omrade Funding, area Excellence area 1 (Trafikverket): Activity 5
ER FP3 (Trafikverket+EU): IAM4RAIL WP8
Budget, totalt (mnkr) total, SEK millions 4-5 mnkr
Budget, per ar (tkr) per year, SEK thousands 2024: 390+200 tkr
Specificerad for varje finansiar Specified for each funder | 2025: 600+300 tkr
In-kind contributions from at least TRV and SJ 2026: 500+400 tkr
2027:
2028:
2029:

Projektets syfte Project aim

This PhD project aims at resolving malfunctions of vehicle-track dynamic interaction by
means of sensor data from in-service vehicles, machine learning algorithms and proposals on
maintenance actions. Such actions can involve the vehicle, the track or both.

Intressenter Stakeholders
At least Trafikverket, SJ and Hitachi. Green Cargo? CEMIT?

Sammanfattning av projektet Summary of the project

The PhD project can be seen as a follow-up on the PhD work by Rohan Kulkarni (completed
in 2023, see below). The new PhD project started formally in June 2024 when David Prifer
was employed as PhD student at KTH. Onboard sensor data has a significant potential to
support proper maintenance actions on rail vehicles and rail infrastructures. Candidate
malfunctions are for instance running instability, poor ride comfort, vehicle suspension
issues, poor wheel profiles, poor rail profiles, too large track irregularities. As one application
the X2000 fleet on Swedish mainlines is foreseen (this was one application in the previous
PhD project).

Nytt senaste aret (2025) News past year (2025)

The PhD student continued the literature studies and wrote a report about the literature
study. Meetings have been held with SJ and Hitachi to define the collaboration with them
(X2000 and other potential vehicle fleet). The agreement for data exchange with SJ and
Hitachi was finally signed by all partners in autumn 2025. The project is also partly linked to
the national project Rough Ride (Dalig Gang).

The PhD student has started programming on an algorithm that shall be able to detect
failures either in the vehicle or in the infrastructure (e.g. track irregularities).

Meetings with CEMIT, a Norwegian consultancy where now Rohan Kulkarni works are held.
A MSc thesis work has started with CEMIT. Also, a project application is planned together.
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Mojlig implementation Possible implementation

The algorithms developed and to be developed throughout the present PhD project should be
implemented by train operators (SJ, etc) and infrastructure managers (Trafikverket, etc) to
improve their maintenance processes, and also increase the reliability and availability. By
performing maintenance when and only when it is necessary increases the safety of the
railway system and safes money both for the operator and the infrastructure manager.

Vetenskapliga publikationer Scientific publications

Kulkarni R: Onboard condition monitoring of vehicle-track dynamic interaction using
machine learning, PhD thesis, Dep. of Engineering Mechanics, KTH Royal Institute of
Technology, Stockholm, 2023.

Popularvetenskap, seminarier, medier Popular science, seminars, media
Prifer D: Onboard condition monitoring of vehicle-track dynamic interaction, presentation of
PhD project in the national PhD course Rail Systems Perspective, February 2025.

Ovrigt Others
In IAM4RAIL WP8, KTH is also working on “Wheel-rail forces and rail damage”. In addition,
KTH is working on bridges in IAM4RAIL WP16.


https://kth.diva-portal.org/smash/record.jsf?dswid=2936&pid=diva2%3A1755646&c=1&searchType=SIMPLE&language=en&query=kulkarni&af=%5B%5D&aq=%5B%5B%5D%5D&aq2=%5B%5B%5D%5D&aqe=%5B%5D&noOfRows=50&sortOrder=dateIssued_sort_desc&sortOrder2=title_sort_asc&onlyFullText=false&sf=all
https://kth.diva-portal.org/smash/record.jsf?dswid=2936&pid=diva2%3A1755646&c=1&searchType=SIMPLE&language=en&query=kulkarni&af=%5B%5D&aq=%5B%5B%5D%5D&aq2=%5B%5B%5D%5D&aqe=%5B%5D&noOfRows=50&sortOrder=dateIssued_sort_desc&sortOrder2=title_sort_asc&onlyFullText=false&sf=all
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Friktionsmodifierares tribologi for sparfordon

Fokusomrade Focus area Tribologi (friktion, nétning och smarjning)
Projektledare Project leader Ellen Bergseth

Doktorand(-er) PhD students Rahma Boukhris

Ovriga projektmedarbetare Other project members UIf Olofsson (KTH), Johan Leckner (AXEL AB)
Projektperiod Project duration 2023-02 - 2028-02

Finansiering, omrade Funding, area Jvg (1/2 doktorand) och Eo1.7 (1/2)

Budget, totalt (mnkr) total, SEK millions 4,5 mnkr

Budget, per ar (tkr) per year, SEK thousands 2023: 502 tkr

Specificerad for varje finansiar Specified for each funder | 2024: 893 tkr (600 tkr Jvg+300 tkr E01.7)

2025: 900 tkr (450 tkr Jvg + 450 tkr E01.7)

2026: 950 tkr (550 tkr Jvg + 400 tkr Eo1.7)

2027: 1000 tkr (Jvg + E01.7)

2028: 300 tkr (Jvg + E01.7)

Totalt upparbetade kostnader 2025-12-31: 2640 tkr

Projektets syfte Project aim

The overall research questions are as follows: How does Top of Rail (ToR) products influence
wear, inhalable particle emissions and energy consumption? How to design sustainable ToR
products?

Intressenter Stakeholders

Except for Johan Leckner from AXEL AB, who serves as co-supervisor. AXEL is a Swedish
grease manufacturer that develops Top-of-Rail (ToR) products. The main stakeholders are
Trafikverket (TrV) and SJ. The reference group consists of: Jens Goldenbohm (SKF), Matti
Rantatalo (LTU), Leevi Toratti (LTU), Matthias Asplund (TrV), Per Edelonn (SKF), Gustav
Grundfelt, Rikard Sjoholm, and Rickard Nilsson (Trafikforvaltningen, Region Stockholm).

Sammanfattning av projektet Summary of the project

This project aims at reducing energy consumption and particle emissions from railway
traffic. With the help of top of rail (ToR), also called friction modifiers, one can better control
the friction affecting energy consumption and wheel and rail wear affecting particle
emissions. Reducing particle emissions becomes particularly important on underground
platforms where people can stay for a long time. The thesis work will mainly be based on
experimental measurements in a laboratory environment using different tribometers (Pin on
disc and ball on disk). The ToR will be commercial and newly environmentally friendly
formulated. The tribometer testing will have ads on for particle and noise emission
measurements. The first period will be on model test, but there are possibilities to test these
types of friction modifiers also in full scale, however, this depends on the result outcomes and
the testing possibilities in field, which is expensive and time consuming. A lot of focus is on
testing new eco-labeled ToRs without any non-eco-labeled additives/solid particles. Today,
the solid particles in ToR products are often copper or aluminium oxide, in this project we
will, among other things, test silica/sand.

Nytt senaste aret (2025) News past year (2025)

Rahma has finished all lab testing at KTH and her focus is publishing in coming 2026, she
also finalized all courses in 2025. The final experiments of her thesis project in going to be
performed in Sheffield. We got funding in 2025 from “Planera” for Rahma to go to Sheffield
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to perform full-scale roller rig testing, she will do the tests between February to March 2026.
In Sheffield she will test the ToR materials that she has tested in lab. In addition, Rahma
started a measurement campaign at Ostermalmstorg metro station in November 2025 to get
a baseline to be able to test the hypothesis if the introduction of ToR in Stockholm metro can
reduce the amount of particle emissions on underground platform stations. In addition, what
distance can the ToR application be effective?

Mojlig implementation Possible implementation

Although mainlines operate differently from the Stockholm metro, the project will follow the
implementation of ToR at ten locations in the Stockholm metro. A measurement campaign
(PM2.5 and PM10 using a Fidas 2008 instrument) started in Ostermalmstorg metro station
in November 2025 to get a baseline to be able to test the hypothesis if the introduction of ToR
in Stockholm metro can reduce the amount of particle emissions on underground platform
stations.

Vetenskapliga publikationer Scientific publications

Boukhris, R.; Bergseth, E.; Olofsson, U.; Leckner, J.; Ardai, R. The Effect of Top-of-Rail
Products Incorporating Environmentally Acceptable Solid Particles on Friction, Retentivity,
Wear and Airborne Particle Emissions of Wheel—-Rail Contact. Machines 2025, 13, 200.
https://doi.org/10.3390/machines13030200

Rahma Boukhris, Ellen Bergseth, Ulf Olofsson and Johan Leckner, Impact of Biodegradable
TOR Products on Tribological Performance and Particle Emissions in Wheel-Rail Contact,
2024 11-14 June NORDTRIB 2024, Nordic Tribology Symposium 2024, Copenhagen,
Denmark

Rahma Boukhris, Ellen Bergseth, Ulf Olofsson and Johan Leckner, Top-of-rail products for
the wheel-rail contact, 2024, June 22", Nordic seminar on railway technology, Stockholm

Popularvetenskap, seminarier, medier Popular science, seminars, media
Bidrag, inldgg och resultatspridning som kan ge uppmirksamhet och inflytande, i omvand kronologisk ordning.
Contributions, posts and dissemination of results that can generate attention and influence, in reverse
chronological order

Ovrigt Others

Supervised the following related Bachelor theses:

Aceituno Flauto, R., & Ehsani, R. (2025). Streamlined life cycle assessment of top of rail
friction modifier application systems: Focus on onboard systems: Comparative life cycle
analysis of onboard and trackside friction management systems (Independent thesis,
Bachelor’s level, 15 HE credits). KTH Royal Institute of Technology, School of Industrial
Engineering and Management (ITM), Engineering Design.

Ali, M. B., & Rasoolzadeh, A. (2025). Streamlined life cycle assessment of top-of-rail friction
modifier application systems: Focus on trackside technologies: Life cycle perspective on
trackside friction management in comparison to on-board applications (Independent
thesis, Bachelor’s level, 15 HE credits). KTH Royal Institute of Technology, School of
Industrial Engineering and Management (ITM), Engineering Design.


https://doi.org/10.3390/machines13030200
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Pantograph-Catenary Interaction (RV43)

Fokusomrade Focus area Stromavtagning och kontaktledning

Current collection and catenary

Projektledare Project leader Sebastian Stichel

Doktorand(-er) PhD students Bastian Schick

Ovriga projektmedarbetare Other project members Zhendong Liu

Projektperiod Project duration February 2021 to January 2026 (+prolonged)
Finansiering, omrade Funding, area Trafikverket, Excellensomrade 5 (5.2)
Budget, totalt (mnkr) total, SEK millions 4,5 mnkr

Budget, per ar (tkr) per year, SEK thousands 2021: 900 tkr

Specificerad for varje finansiar Specified for each funder | 2022: 900 tkr
2023: 900 tkr
2024: 900 tkr
2025: 900 tkr

Projektets syfte Project aim

The main goals of the research project are to study the dynamic performance of the existing
catenary systems, to characterize the degradation or structural failures of the catenary
systems in the service life and to perform some preliminary studies for new high-speed
catenary systems.

Intressenter Stakeholders

The reference group consists of Peter Larsson (Trafikverket) and Erik Vinberg (SJ). Two
reference group meetings with Peter Larsson and Erik Winberg were held in the second half
of 2021, followed by meetings in November 2022, March 2023 and September 2023. Since
the last meeting in March 2024, the reference group has been extended by Johan Rydstedt
from Schunk Carbon. The next reference group meeting is to be held in March 2025.

Sammanfattning av projektet Summary of the project

In Sweden, soft catenary systems are installed and designed to be used for 40-60 years. The
significant dynamic interaction between the pantograph and the catenary can lead to
excessive wear, poor power transmission, and even structural damages, which would not only
increase maintenance costs but also challenge system safety and reliability in operation.
During the very long service life, the dynamic load together with mechanical wear, chemical
corrosion, environmental disturbances and increased traffic volume eventually deteriorate
the health condition of the catenary systems. In order to keep the catenary system in good
condition, frequent visual inspections are carried out. Nevertheless, there are about 40
incidents linked to catenary breaking each year, which has become a large concern to the
government, transport authority and the public. In addition, Sweden is planning to upgrade
its railway network.

In order to study the degradation and realistic operational characteristics of the catenary and
pantograph by simulation, the existing tool CaPaSIM (developed by KTH and TRV since the
late 90s) needs to be updated. The first step of that work was correcting geometrical
inaccuracies in the existing catenary model and fully parametrising and automating the
model creation and evaluation. This effort has been time-consuming but will enable
substantially more time-efficient and versatile simulations in the future. The medium-term
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purpose of this is to study a wider range of cases for validation and to compare different
modelling approaches. This study will also provide answers to the question if the known
validity issues that were observed in the critical speed range can be solved with updated
modelling approaches. Examples of new study cases include the estimation of dynamic loads
on the masts or the accurate three-dimensional representation of overlap sections and wire
transition modelling. In December 2022 a study visit to NTNU in Trondheim took place to
revitalize the research cooperation between NTNU and KTH. The work includes a systematic
validation process of CaPaSIM 3D according to EN. During study visits to Trafikverksskolan
in Angelholm, studies on common structural deviations in the catenary system and field
measurements on the test catenary are performed. The studies also included interviews with
experienced technicians. Based on these studies, simulations will be performed with the aim
of replicating common deviations and studying their impact on the catenary systems’
operational behaviour. In parallel, the pantograph modelling in CaPaSIM is revised and new
features, such as modelling individually suspended collector strips, are added and a tool for
estimating wear patterns based on the dynamic simulations is developed. The studies on
pantograph modelling are based on lab measurements.

Nytt senaste aret (2025) News past year (2025)

The process of borrowing a pantograph from SJ was finalized during spring 2024, with the
delivery of a WBL 88 type pantograph to the MWL lab in June. A pneumatic circuit was
established to lift the pantograph and do measurements close to working conditions. After
test measurements on collector strips as a part of the Experimental Structure Dynamics
project course in the spring semester, a systematic structural dynamics measurement series
was performed by a master student working as a research assistant in June and July 2024.
The work continues in autumn 2024 and spring 2025 with a master thesis student. The
pantograph will still be in the KTH laboratory during the first half of 2026.

With the improved model, a series of simulations were performed to verify the dynamic
behaviour of the new catenary system design for Sweden, SYT 21/27, including a study of
critical pantograph distances dependent on operation speed considering section overlaps.
The validation of CaPaSIM according to EN 50318:20218 finished successfully in autumn
2025.

To increase the understanding of modelling challenges for stitched catenary systems at high
speeds, a new international benchmark for the simulation of dynamic pantograph-catenary
interaction has been initiated by Politécnica de Valencia and PoliMi. A total of eight
internationally leading research institutions are participating. Based on a suggestion by KTH,
NTNU and Trafikverket, the Swedish SYT 15/15 system is one of the structures used for the
simulations. The exercise is now finished. KTH has written its part of the reporting. The
results of CaPaSIM are well in line with the results of the other participating simulation tools.

A study related to the PhD work was presented on the IAVSD conference in Shangahi in

autumn 2025. Bastian has submitted a manuscript on wear prediction on the pantograph to
an international journal.

Mojlig implementation Possible implementation

Trafikverket is using the updated and validated simulation tool to perfom the first
verification step of new pantographs and catenary systems for Sweden.

The tool will eventually be handed over to TRV to become the regularly used simulation tool
for system design and verification.

Better system understanding will be transferred to both operators and TRV to improve
condition monitoring and maintenance practices.
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Bastian is also helping SL with investigations on how to upgrade the catenary on
Saltsjobanan before the new vehicles start to operate.

Vetenskapliga publikationer Scientific publications
Y. Xu, Z. Liu, C.J. Yang, S. Stichel, W.D. Zhu, W.H. Zhang and B. Schick, A Reduced
Catenary Model for Fast Pantograph-Catenary Dynamic Analysis. Submitted.

B. Schick, Z. Liu, S. Stichel. Validity range of a quasi-static method for adjusting the pre-sag
of simple railway catenary systems. Submitted to the Rail and Rapid Transit journal for
review.

B. Schick, Z. Liu, S. Stichel. Convergence Study for the Simulation of Stitched Railway
Catenary Dynamics and Design Verification of a High-Speed System for Sweden. The Sixth
International Conference on Railway Technology: Research, Development and Maintenance,
1-5 September 2024, Prague, Czech Republic.

B. Schick, Z. Liu, S. Stichel. An extended quasi-static method for adjusting contact wire
presag to special operational conditions. The Third International Conference on Rail
Transportation, 7-9 August 2024, Shanghai, China.

B. Schick, Z. Liu, S. Stichel. Dynamic interaction between pantograph and catenary —
possible applications for simulation tools. The 22nd Nordic Seminar on Railway Technology,
18-19 June 2024, Stockholm, Sweden.

B. Schick, Z. Liu, S. Stichel. Numerical Study on Wear Intensity of Pantograph Collector
Strips During Drive Cycles of Rail Vehicles. 28th IAVSD International Symposium
onDynamics of Vehicles on Roads and Tracks, 21-25 August 2023, Ottawa, Canada.

B. Schick, Z. Liu, S. Stichel. Modelling of pantograph-catenary interaction around critical
speed. The Fifth International Conference on Railway Technology: Research,
Developmentand Maintenance, 22-25 August 2022, Montpellier, France.

B. Schick, Z. Liu, S. Stichel, G. Mei and C. Yang. Modelling Pantograph-Catenary Dynamic
Interaction of Swedish Catenary Systems for High-Speed Operation. 8th INTERNATIONAL
CONFERENCE ON VIBRATION ENGINEERING, 24-26 July 2021, Shanghai, China.

B. Schick, Z. Liu, S. Stichel. Validity range of a quasi-static method for adjusting the pre-sag
of simple railway catenary systems, August 2025, Railway Sciences 4(4):1-14,
DOI:10.1108/RS-05-2025-0016

William Z. Liu, Bastian Schick, Yan Xu, Sebastian Stichel. Simplifying Railway Catenary
Structures by Cancelling Catenary Stagger. 29th IAVSD international Symposium on
Dynamics of Vehicles on Roads and Tracks. August 2025, Shanghai, China.

Popularvetenskap, seminarier, medier Popular science, seminars, media
Bidrag, inldgg och resultatspridning som kan ge uppmirksamhet och inflytande, i omvand kronologisk ordning.
Contributions, posts and dissemination of results that can generate attention and influence, in reverse
chronological order

Ovrigt Others

Sarskilda omstindigheter som inte ryms under annan rubrik. Special circumstances that do not fit under
another heading


https://www.researchgate.net/journal/Railway-Sciences-2755-0915?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InByb2ZpbGUiLCJwYWdlIjoicHVibGljYXRpb24iLCJwcmV2aW91c1BhZ2UiOiJwcm9maWxlIn19
https://doi.org/10.1108/RS-05-2025-0016?urlappend=%3Futm_source%3Dresearchgate.net%26utm_medium%3Darticle

Machine learning for deterioration prediction of existing railway
bridges

Fokusomrade Focus area ‘

Projektledare Project leader John Leander (professor)
Doktorand(-er) PhD students Bowen Meng

Ovriga projektmedarbetare Other project members Raid Karoumi (professor)
Projektperiod Project duration 2022-09-01 to 2027-08-30
Finansiering, omrade Funding, area Trafikverket Excellensomrade 4b
Budget, totalt (mnkr) total, SEK millions 4,2 mnkr

Budget, per ar (tkr) per year, SEK thousands 2022: 600 tkr

Specificerad for varje finansiar Specified for each funder | 2023: 900 tkr
2024: 900 tkr
2025: 900 tkr
2026: 800 tkr
2027:

Project aim
The project aims to develop a deterioration prediction framework using deep learning
algorithms and continuous sensor data for proactive maintenance of bridges.

Stakeholders

Bridge owners, specifically Trafikverket but also municipalities.

Summary of the project

Bridge deterioration has both short- and long-term impacts. In the short term, it can cause
traffic disruptions and increase maintenance costs. Long-term effects can be severe,
including potential structural failures, decreased load-carrying capacity, and risks of
catastrophic collapses, leading to loss of life and economic damage. The project aims to
transition to proactive maintenance via advanced predictive models. However, the nonlinear,
multi-factorial nature of bridge deterioration makes prediction challenging with traditional
mechanical models. Machine learning, specifically deep learning, has proven effective in
solving high-dimensional, nonlinear problems.

The project includes the following activities:

e Literature study on deterioration modelling of bridges and existing prediction models.

e Develop response prediction models based on sparse sensor data for implementation
in deterioration modes.

e Research the field of physically-informed neural networks (PINNs) for deterioration
modelling.

e Develop a prediction model for safety assessment of structures including response
prediction and deterioration modelling using machine learning.



News past year (2025)

A manuscript has been completed and submitted, covering stress-range spectrum-based
prediction for fatigue assessment from accelerometer time-series data. It has been
resubmitted after accommodating a first review.

A second journal manuscript is in progress that treats the fundamentals of deep learning
algorithms for interpreting sensor data from dynamically loaded structures, typically bridges.

Possible implementation

The expected outcome of a framework for deterioration prediction will be implementable in
special applications where monitoring is used for assessing the condition of a bridge. This is
an option for bridge owners in occasions where theoretical assessments have shown
insufficient safety, but replacement is not possible for some reason. This is a scenario that
happens for old bridges in critical positions in the transport infrastructure, and it is expected
to occur more often with an ageing bridge stock.

Scientific publications

1. Meng B, Bayane I, Leander J, 2025. Direct estimation of fatigue stress spectra from
bridge vibration signals using an attention-enhanced convolutional neural network.
Preprint submitted for review.

2. Menghini A, Meng B, Leander J, 2025. Using vibration measures to estimate fatigue
stress histories. Submitted to the conference EVACES 2025 to be held in July 2025 in
Porto, Portugal.

3. Menghini A, Meng B, Leander J, Castiglioni CA, 2024. Estimating bridge stress
histories at remote locations from vibration sparse monitoring. Engineering
Structures 318 (118720).

4. Meng B, Menghini A, Leander J, 2024. Virtual sensing in steel bridges: Deep learning
for stress prediction. In: 7th International Conference on Smart Monitoring,
Assessment and Rehabilitation of Civil Structures (SMAR 2024), Salerno Italy.

Popular science, seminars, media

Other



A framework for acceptable risk level of railway bridges: an
application for running safety criteria continuous data streams

Fokusomrade Focus area \

Projektledare Project leader Raid Karoumi (professor)
Doktorand(-er) PhD students
Ovriga projektmedarbetare Other project members Reza Allahvirdizadeh (postdoc)

Projektperiod Project duration 2024-04-01 to 2025-12-31
Finansiering, omrade Funding, area Trafikverket Excellensomrade 4b
Budget, totalt (mnkr) total, SEK millions 1,15 mnkr

Budget, per ar (tkr) per year, SEK thousands 2024: 550 tkr

Specificerad for varje finansiar Specified for each funder | 2025: 600 tkr

Project aim

The aim is to formulate the utility function for running safety by estimating the associated
risks and then calculating the target reliability level or acceptable risk level. Target reliability
level is the key parameter in code calibration using reliability-based methods.

Stakeholders

Bridge owners, specifically Trafikverket.

Summary of the project

The design codes use partial safety factors to keep the margin between the induced actions on
structures or components and their corresponding resistance at an acceptable level. Our
previous studies have shown that partial safety calibration has not been carried out for the
dynamic design of railway bridges and in particular for the running safety criteria. Therefore,
the current partial safety factor for running safety (i.e. 2.0) does not refer to a specific target
safety level and is merely based on engineering judgment. In this context, it has been shown
that the designs following this approach are not necessarily safe enough. Therefore, the
current project aims to formulate the utility function for running safety by estimating the
associated risks and then calculating the target reliability level or acceptable risk level.

News past year (2025)

o Variety of approaches have been proposed in the literature to calculate and also adjust
the target reliability values. A literature review on these methods have been performed to
identify and classify these approaches. A set of different target reliability values proposed
by different standards and guidelines is also collected.

o The target reliability estimation methods depend on construction, repair and failure
costs related to the desired design limit state. These costs are depend on the geographical
conditions. Therefore, in cooperation with Trafikverket, a set of data related to these
costs are collected. These data are pre-processed to be employed in later steps.

o The target reliability estimation is inherently an optimization process. Its iterative nature
requires estimating safety index (or failure probability) as a function of design
parameters. These design parameters in this project are cross-section type of the bridge,
the thickness of the cross-section, number of spans and also the maximum allowable
operating speed of the trains. At the moment, we are performing a set of reliability
analyses to estimate the failure probability as a function of these parameters. As the
system reliability in long term is of interest for the objective of this study; thus, the effect
of possible parameters on calculated failure probability should be investigated. In this
context, the influence of temperature variation (i.e. seasonal effects) on estimated failure
probability is under investigation. Implementing those effects require proper modelling
of dependency between random parameter affecting the dynamic response of railway
bridges and temperature.



Possible implementation

The expected outcome of the project can be implementable in the future design regulations
and their supporting documents. The current design regulations use partial safety factors to
ensure safety of designs which follow their guidelines. Assuring this safety level should be
achieved by limiting failure probability of each designed system (in this study railway
bridges) to values less than target reliability level. These target reliability values are often
highlighted by design regulations, when available. Currently, such value is not reported for
running safety design limit state of railway bridges. Therefore, the outcome of this study can
be implemented in the future supporting documents for design regulations.

Scientific publications

1. R. Allahvirdizadeh, A. Andersson, and R. Karoumi (2026). Temperature-Dependent
Reliability Assessment of Ballasted Reinforced Concrete Railway Bridges: Ballast
Instability Phenomenon. 2nd International Conference on Engineering Structures
(ICES2026), Brisbane, Australia.

2. R. Allahvirdizadeh, A. Andersson, and R. Karoumi (2026). Target Reliability
Estimation for High-Speed Railway Bridges Considering Ballast Instability
Phenomenon. To be submitted to the journal of Engineering Structures.

3. R. Allahvirdizadeh and A. Andersson (202x). Enhancing Codified Impact Factor to
Compensate Dynamic Effects on Railway Bridges. (under preparation)

4. R. Allahvirdizadeh and Pedro Museros (202x). Data-Driven Method to Improve
Spectral Analysis of Railway Bridges. (under preparation)

Popular science, seminars, media

Other



FA3-IAM4RAIL-Bro (T16.2)
Sustainable and cost-efficient eco-design for rail assets

Fokusomrade Focus area ‘

Projektledare Project leader Raid Karoumi (professor)

Doktorand(-er) PhD students Jonathan Stenberg

Ovriga projektmedarbetare Other project members Andreas Andersson (forskare) & Can Shi (forskare)
Projektperiod Project duration 2022-12-01 to 2026-11-30

Finansiering, omrade Funding, area Europe’s Rail

Budget, totalt (mnkr) total, SEK millions 3,541 mnkr (av totala 6,44 mnkr for ABE & SCI)
Budget, per ar (tkr) per year, SEK thousands 2022: 652,7 tkr

Specificerad for varje finansiar Specified for each funder | 2023: 1655 tkr
2024: 1620 tkr
2025: 1586 tkr
2026: 9245 tkr
Siffrorna ovan ar totala summor fér ABE & SCI

Project aim

Task 16.2 deals with railway bridges and dynamic effects incl. resonance phenomena. The
aim is to provide further knowledge related to the limit criterion for dynamic response of
railway bridges with ballasted railway tracks. The work involves experimental testing and
detailed simulations.

Stakeholders

Bridge owners, specifically Trafikverket.

Summary of the project

To increase our understanding of the behaviour of bridges with ballasted tracks under
dynamic loading, the project develops train-track-bridge interaction models for realistic
estimates of dynamic effects on bridges. Collected track data as well as data from bridge
monitoring will be used to verify and calibrate the models. Moreover, 3D DEM ballast
modelling and simulations combined with full-scale laboratory bridge testing will be used to
investigate the behaviour of ballasted tracks on bridges under varying amplitude and
frequency.

Within Subtask 16.2.1 ‘Improved dynamic amplification factors’ the PhD student Jonathan
Stenberg will develop and validate TTBI calculation models and analyse new bridge tests.
Within Subtask 16.2.2 ‘Bridge resonance’, our researchers Andreas Andersson and Can Shi
will perform full-scale bridge laboratory tests and also conduct extensive DEM ballast
simulations.

News past year (2025)
- Input data have been collected and a 2D train-track-bridge interaction model developed.

- Simulations using recorded track irregularities have been performed for simply
supported bridges with a span length 2-40 m.



- An initial attempt for a revised formula for the factor ¢~ is presented in
https://urn.kb.se/resolve?urn=urn:nbn:se:kth:diva-363196. The results are also
summarized in IAM4RAIL D16.2.

- Extensive experimental testing of a shake-table box performed by BAM.

- KTH visited BAM for 1 week in November 2024 and performed additional experiments.

- Experimental testing performed by KTH in collaboration with LTU on a full-scale bridge
in the LTU-laboratory.

- KTH performed DEM-simulations of selected cases for the shake-table box and FEM-
simulations related to the full-scale bridge tests.

Possible implementation

The work is a continuation of research conducted within In2Track2 and In2Tracks, starting
at TRL 5 and ending at TRL 7. The research outcome will provide a more realistic
understanding of dynamic effects on bridges and will make it possible for many existing
bridges to be upgraded to higher allowable axle loads without strengthening or replacement.
It will also allow for more cost-efficient design of new bridges which is believed will
contribute to 20% cost reductions in design of railway bridges.

Scientific publications
The results have been presented in

Deliverables D16.1 and D16.2: Sustainable and cost-efficient eco-design for rail assets

Nordic Seminar on Railway Technology, June 2024

Railways 2024, September 2024

Licentiate thesis: Railway bridge dynamic amplification factors — Investigation of effects
from track irregularities, June 2025. https://kth.diva-
portal.org/smash/record.jsf?pid=diva2%3A1956880&dswid=6712

Popular science, seminars, media

Other


https://urn.kb.se/resolve?urn=urn:nbn:se:kth:diva-363196
https://kth.diva-portal.org/smash/record.jsf?pid=diva2%3A1956880&dswid=6712
https://kth.diva-portal.org/smash/record.jsf?pid=diva2%3A1956880&dswid=6712
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R2DATO

Fokusomrade Focus area Signalsystem Signalling systems ‘
Projektledare Project leader Mats Bengtsson
Doktorand(-er) PhD students Emil Jansson
Ovriga projektmedarbetare Other project members Anders Lindfeldt, Gy6rgy Dan
Projektperiod Project duration 2022-12-01 to 2026-04-31
Finansiering, omrade Funding, area EU-Rail, Trafikverket
Budget, totalt (mnkr) total, SEK millions 7,0 mnkr (kommer att revideras)
Budget, per ar (tkr) per year, SEK thousands 2023: 3000
Specificerad for varje finansiar Specified for each funder | 2024: 2500

2025: 980

2026: 490

Projektets syfte Project aim

The aim of this project is to support Trafikverket within Eu-Rail, Framework Area 2,
R2DATO, in particular related to Hybrid Level 3 moving block, FRMCS communications,
formal methods for ZeroOnSiteTesting and validation, ATO GoA2-4, Virtually Coupled
Trains and data collection for support of these technologies.

Intressenter Stakeholders
Trafikverket and all partners within R2DATO.

Sammanfattning av projektet Summary of the project

KTH contributes to the work packages WP7 GoA3/4 Data Factory specifications and
Implementation, WP13+14 Moving Block ETCS Level 3, WP23+24 Onboard
Communications, WP25 Connectivity Development — FRMCS, WP32 DATO Assessment and
Potential identification, WP34 Testing, Validation and Certification - Test Specification and
architecture, WP48 Innovative Operational Solutions.

Nytt senaste aret (2025) News past year (2025)
KTH has continued contributing as reviewer in WPs 7 and 13/14 and overviewing the work in
WPs 23-25. WP34 finished in November 2024, so no activities have taken place during 2025.

Within WP32, the involvement of KTH has increased, contributing to the analysis and
business modelling of different DATO concepts, both with data from Trafikverket and
simulation studies. The line Norrképing-Mjolby is used as one of the example scenarios in
Deliverable D32.1.

The work in WP48 finished during Summer 2025. For Task 2, Virtual Coupled Train Set
(VCTS), the focus was shifted to more general and less detailed use cases, so the originally
planned contribution related to Ostlinken was cancelled and our contribution was primarily
as reviewer.

Mojlig implementation Possible implementation

Moving Block och virtuellt kopplade tag ar teknologier som har potential att 6ka kapaciteten
och reducera kostnaderna for signalsystemet pa jairnviagen. Framtagandet av en affirsmodell
for ny teknik inom jarnvégen bidrar till att fa ett battre beslutsunderlag for kommande
beslut.
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Vetenskapliga publikationer Scientific publications

Samtliga artiklar, konferensbidrag, bokkapitel och rapporter i projektet i omvand kronologisk ordning, dvs.
senaste bidrag 6verst. Anvand det referenssystem du brukar. All articles, conference papers, book chapters and
reports in the project in reverse chronological order, i.e. most recent contribution at the top. Use your usual
referencing system.

Popularvetenskap, seminarier, medier Popular science, seminars, media
Bidrag, inldgg och resultatspridning som kan ge uppmarksamhet och inflytande, i omvénd kronologisk ordning.
Contributions, posts and dissemination of results that can generate attention and influence, in reverse
chronological order

Ovrigt Others

Sarskilda omstandigheter som inte ryms under annan rubrik. Special circumstances that do not fit under
another heading
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Excellensomrade 6

Fokusomrade Focus area Signalsystem Signalling systems
Projektledare Project leader Mats Bengtsson
Doktorand(-er) PhD students Wendi Loffler, Mauricio Byrd

Ovriga projektmedarbetare Other project members Mats Bengtsson (project leader), Anders Lindahl
(assisting project leader), Anders Lindfeldt
(researcher), Gyorgy Dan (researcher, supervisor)

Projektperiod Project duration 2021-2030

Finansiering, omrade Funding, area Trafikverket, Excellensomrade 6
Budget, totalt (mnkr) total, SEK millions (0,9 mnkr 2025)

Budget, per ar (tkr) per year, SEK thousands 2023:1100 tkr

Specificerad for varje finansiar Specified for each funder | 2024:1010 tkr
2025: 900 tkr

Projektets syfte Project aim

The aim of the work in Excellence Area 6 is to support Trafikverket in the general area of
signaling systems. The funding is used to cover work in the area that falls outside and beyond
Eu-Rail or other projects.

Intressenter Stakeholders
Trafikverket

Sammanfattning av projektet Summary of the project
Omradet omfattar utveckling av det svenska signalsikerhetssystemet for den svenska
jarnvagen.

Det ar det system som behovs for att trafikleda sparfordon pa ett sa effektivt sdkert men dven
sakert effektivt satt 1angs infrastrukturen for att maximera transportnyttan. I detta
inkluderas system for sidkerstillning av tagrorelser till 6vergripande trafikledning/styrning.
Likasa inkluderas system for 6vervakning/

kontroll av att fordonen framfors enligt given styrning utifran sikerhet men dven optimalt
nyttjande av kapacitet och effektiv energiforbrukning. Omréadet inkluderar dven
funktioner/system for forarlosa tag (ATO) och system for positionering av tig och att "taget
ar helt”. Ytterligare delomraden ar ERTMS/ETCS-utveckling, Moving block, virtuellt
kopplade tag med tillhorande trafikeringsmojligheter, nya radiosystem, mojlighet till
utveckling av, samt testverksamhet, virtuellt och IRL for teknik, hard- och mjukvara,
formella metoder, trafikstyrningsteknik samt sdkra, robusta och tillforlitliga signal-system
inklusive Cyber-sidkerhet. Sikerheten och robustheten giller savil olyckor, tillbud och yttre
hot.

Darmed ar nya resultat i omradet absolut nédvéndiga for att nd mélen angdende
effektiviseringen och automatiseringen av jarnvagsomradet. Det finns dven ett behov av
omvarldsbevakning inom omrédet for att fanga upp idéer och trender bade fran forskning
och produktutveckling, som kan vara intressanta framover for Trafikverket och svenska
jarnvagsbranschen.

Till detta kommer dven kompetensbehovet for att kunna skapa och sprida ovanstaende
kunskap. Att attrahera och fa fram ratt arbetskraft samt ratt kompetens hos beslutsfattare.
Detta genomfors med generell jairnvags- samt signalutbildning samt examensarbeten. En
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viktig del av kompetensuppbyggnaden ar dven doktorandutbildning for vidare forskning
samt samhaillssamverkan for att sprida teknik och metodik fran akademin.

Nytt senaste aret (2025) News past year (2025)

Koordinering av pagidende verksamhet inom det 6vergripande omrédet, men dven planering
av framtida verksamhet, har skett, bl a i moten med Trafikverket relaterade till nista
utlysningsomgéang inom Europe’s Rail.

I samarbete med Blekinge Tekniska Hogskola och Excellensomrade 7, har vi genomfort ett
forstudieprojekt "RAIL-SENSE Radar and Al-based Live Surveillance for Enhanced Network
Safety” finansierat av Trafikverkets Fol-portfolj "Mgjliggorande/Vidmakthélla”. Initiala
matexperiment med Radar och LiDAR utfordes vid testanldaggningen i Tillberga-Tortuna. En
ansOkan om ett mer omfattande uppfoljningsprojekt under 2026-2027 har skickats till
Trafikverket.

Workshopen planerades att gi av stapeln i boérjan av juni 2025, men tyvirr lyckades vi inte
samla ett tillrackligt antal nyckelpersoner fran Trafikverket vid nagot av de foreslagna
datumen. Under hosten genomfors ett par online-méten med en mindre grupp fran
Trafikverket. Parallellt har planeringen av nista vag inom Europé’s Rail pagéatt.

Doktoranden Wendi Loffler fortsitter sina studier av hur digital kartinformation kan
anvandas pa bésta sitt som ett komplement till GNSS och andra positioneringssensorer,
speciellt vid strackor utan GNSS-tackning eller dir GNSS-signalen utsatts for storningar. En
algoritm som tidigare har foreslagits for terraingbaserad navigering i luft- och sjofart har
anpassats till jarnviagsforhéallanden och visar sig ge od noggrannhet och robusthet med rimlig
beriakningskomplexitet. Experimentella utvarderingar har gjorts med oppet tillgdngliga
matdata fran Tyskland och sista finputsningen av en tidskriftsartikel pagar.

Parallellt pagéar samarbetet med Trafikverket, Svensk Maskinprovning AB och Wabtec, for
tester och insamling av matdata pa striackorna Goteborg-Nassjo samt Luled-Borldnge. Vi har
bidragit med sensorer (gyro och accelerometrar) och assisterar Wabtec med konvertering av
kartdata. Trafikverket har levererat kartdata, men tyvarr dnnu inte ndgra matdata.

Doktoranden Mauricio Byrd har under éret delfinansierats av Excellensomradet, se separat
statusrapport.

Arbetet med den simuleringsmodell som borjat utvecklas har fortsatt under aret. Arbetet har
framst utforts inom ramen for KAJT projektet HESE2, dar flera korprofiler for att efterlikna
olika typer av forarbeteenden utvecklats, bland annat en for energieffektiv korning. Dessa
korprofiler anvands tillsammans for att skapa ett TPE (Train Path Envelope) som kan
anvindas for att gora robustare headway-berdkningar som tar battre hansyn till variationer i
tagens framforande.

Under andra halvan av 2025 har fokus varit pa att utveckla en algoritm som kan berdkna
korprofiler som minimerar energi/forsening och som aven tar hansyn till nar signaler
framfor taget forvantas bli grona/forlangning av MA (nér en signal kan bli gron beror pa
framforvarande tag). Algoritmen ska anviandas i simuleringsmodellen for att efterlikna ett C-
DAS system eller ATO med TMS. Planen att anvinda den utvecklade algoritmen i en
fallstudie pa Citybanan. Ett av syftena med studien ar att se pa om ett C-DAS system kan
minska tagens energiforbrukning utan att forseningarna okar. Ett annat syfte ar att jamfora
hur stor den faktiska energibesparingen blir i simuleringen (med forseningar) jamfort med
besparingen som beridknats for det planerade skedet (tidtabellen). KTH arbetar aven
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tillsammans med TRV med ett forslag som innebar att modellen kommer anvandas i
Europe’s Rail FP1 vag 2 for att analysera hur C-DAS och ATO kan forbattra tigmoten pa
Malmbanan.

Mojlig implementation Possible implementation

C-DAS och ATO kan bidra till en effektivare tagframforing, vilket bland annat kan bidra till
att reducera forseningar och energiforbrukning. For att svara pa hur stor potentialen ar med
dessa nya system behovs det battre simuleringsmodeller dn vad vi har idag.

Tagpositioneringslosningar har diskuterats med Localization Working Group (LWG) inom
ERTMS User Group (EUG).

Vetenskapliga publikationer Scientific publications

Popularvetenskap, seminarier, medier Popular science, seminars, media
Presentation pa excellensdagarna i Goteborg 27 augusti 2025.

Ovrigt Others

Sarskilda omstandigheter som inte ryms under annan rubrik. Special circumstances that do not fit under
another heading
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RailTrust: Trustworthy Autonomy for Railways

Fokusomrade Focus area
Projektledare Project leader

Signalsystem Signalling systems
Gyorgy Dan

Doktorand(-er) PhD students

Mauricio Byrd Victoria

Ovriga projektmedarbetare Other project members Henrik Sandberg
Projektperiod Project duration 2022-2027
Finansiering, omrade Funding, area Jarnvéagsgruppen

Trafikverket, Excellensomrade 6 (6.8)

Budget, totalt (mnkr) total, SEK millions 5 mnkr

Budget, per ar (tkr) per year, SEK thousands 2022: 400 tkr (Jvg+E06)

Specificerad for varje finansiar Specified for each funder | 2023:1000 tkr (Jvg+E06)
2024:1000 tkr (Jvg+E06)

2025:1000 tkr (Jvg 78 %+E06)
2026:1000 tkr (Jvg 75 %+E06)
2027:600 tkr (Jvg+Eo06)

Projektets syfte Project aim

The aim of the project is to develop algorithms and methods for vulnerability and security
risk management for ML-enabled monitoring and control systems relevant for the railway
domain.

Intressenter Stakeholders
Trafikverket

Alstom

Sammanfattning av projektet Summary of the project

PhD student Mauricio Byrd Victorica started his PhD studies on 1 September 2022. The thesis
work started with reviewing the state of the art in the area of the vulnerability of object
detection and classification, focusing on physically realizable attacks (e.g,, patches that make
objects undetected or misclassified). Following the review of existing attacks, the student
reviewed the state of the art in the area of detection and recovery schemes, and started the
implementation of tools for reproducing the state of the art and to explore its shortcomings.
The work has resulted in undetectable attacks against state of the art detectors, and a novel
detector has been developed that is able to detect a wide range of physically realizable attacks
against ML-based computer vision tasks, including attacks that consist of multiple physically
realizable patches. The detector was then extended to achieve recovery from attacks, resulting
in state of the art performance. The work was published in two conference papers. Ongoing
work focuses on extending the results to object tracking, i.e., considering the temporal
evolution of visual content, to provide improved situational awareness, as well as to vision
language models (VLMs).

Nytt senaste aret (2025) News past year (2025)

The work continued in two directions. One the one hand, we started to explore how attacks
can be detected efficiently from sequences of frames, as opposed to individual frames, which
the previous work has focused on. In parallel, we started work on detecting attacks against
vision language models (VLM), a novel class of large language models that can take visual
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input together with text prompts. We have developed a novel method based on gradient
similarity for detecting attacks and for localizing them. A particular strength of the method is
that it works for physically realizable attacks as well as for digital attacks. The work will be
submitted to ECCV 2026

Mojlig implementation Possible implementation

The results are directly applicable to the automated surveillance of level crossings (e.g.,
related to the Smart wayside object controller developed in Europe”s Rail FA2. They are also
applicable to automated surveillance of other installations, such as railway stations, and to
trustworthy vision-based positioning of trains on multi-track railways.

Vetenskapliga publikationer Scientific publications

Mauricio Byrd Victorica, Gyorgy Dan, Henrik Sandberg, “Saliuitl: Ensemble Salience Guided
Recovery of Adversarial Patches Against CNNs" in Proc. of IEEE/CVF Conf. on Computer
Vision and Pattern Recognition (CVPR), Jun. 2025

Mauricio Byrd Victorica, Gyorgy Dan, Henrik Sandberg, “SpalNN: Detecting Multiple
Adversarial Patches on CNNs by Spanning Saliency Thresholds" in Proc. of IEEE Conf. on
Secure and Trustworthy Machine Learning (SaTML), Apr. 2025

Popularvetenskap, seminarier, medier Popular science, seminars, media
Bidrag, inlagg och resultatspridning som kan ge uppmarksamhet och inflytande, i omvand kronologisk ordning.
Contributions, posts and dissemination of results that can generate attention and influence, in reverse
chronological order

Ovrigt Others

Sarskilda omstandigheter som inte ryms under annan rubrik. Special circumstances that do not fit under
another heading
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Projektrubrik Project headline

Fokusomrade Focus area Systemperspektivet
Projektledare Project leader Ellen Bergseth

Doktorand(-er) PhD students -

Ovriga projektmedarbetare Other project members Anna Pernestal (Skogforsk), Albin Engholm
(KTH/ITRL), Julien Szostak, Peter Torstensson
(VTI), Jens Nielsen (Chalmers), Mats Berg, Carlos

Casanueva
Projektperiod Project duration 2025
Finansiering, omrade Funding, area Excellensomrade 10 (10.1, 10.2, 10.3, 10.6, 10.7)
Budget, totalt (mnkr) total, SEK millions 0,8 mnkr
Budget, per ar (tkr) per year, SEK thousands 2025: 800 tkr (Trafikverket)

Specificerad for varje finansiar Specified for each funder

Projektets syfte Project aim

Syftet ar att koordinera och utveckla ett systemperspektiv pa jarnvagen som stiarker
helhetssynen pa jarnvagssystemets roll i transportsystemet och samhallet. Arbetet omfattar
vetenskaplig samverkan, kompetensutveckling, tvarvetenskaplig forskning samt analys av
jarnvagens roll i ett framtida klimatneutralt transportsystem.

Intressenter Stakeholders
Trafikverket

Sammanfattning av projektet Summary of the project
Under 2025 har aktiviteter genomforts inom Excellensomrade 10 (aktiviteter 1, 2, 3, 6 och 7).
Arbetet har omfattat:

1. Koordination och utveckling av excellensomradets vetenskapliga innehéll och
systemsyn.

2. En nationell workshop om systemperspektiv pa jairnviagen (33 deltagare).

3. Genomforande av en nationell doktorandkurs, Rail Systems Perspective, med 20
deltagare fran fyra centrumbildningar.

4. Samverkan med jarnvagsbranschens JBS kring attraktivitet och
kompetensforsorjning.

5. Tvirvetenskapliga initiativ kring buller och partikelemissioner fran spartrafik,
inklusive framtagande av forskningsforslag kopplat till friktionsmodifiering i
Stockholms tunnelbana.

6. Modellbaserad analys av jarnvagens konkurrenskraft gentemot elektrifierade och
automatiserade lastbilar (konferensbidrag till hEART 2026).

7. Bidrag till den 6vergripande konferensen for excellensomradena samt dialog med
Trafikverkets kompetensnatverk inom Systems Engineering.

Total budget 2025 uppgar till 800 kSEK och har uppnitts enligt plan
Nytt senaste aret (2025) News past year (2025)

Se ocksa sammanfattning. Genomford nationell workshop (14 maj 2025, Solna) med fokus pa
livscykelperspektiv och systems engineering. Start och genomférande av forsta omgéangen av
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doktorandkursen Rail Systems Perspective. Framtaget forskningsforslag kopplat till buller
och friktionsmodifiering (Rail4Earth). Initierad dialog om EU-ansokan (LIFE) kring
trafikbuller. Modellbaserad analys av jarnvagens framtida konkurrenskraft (hEART 2026-
bidrag). Aktiv dialog med Trafikverkets Systems Engineering-nitverk. Bidrag till den arliga
excellensomréadeskonferensen.

Mojlig implementation Possible implementation

Resultaten fran modellstudien om jarnvagens konkurrenskraft kan kopplas till konkreta
innovationer, kostnadsreducerande atgiarder och politiska beslut. Forskningsforslaget om
buller och partikelemissioner kan bidra till forbattrade atgiarder i urban spartrafik.
Doktorandkursen stiarker langsiktig systemkompetens inom svensk jarnvagsforskning.
Workshopformatet utvecklas vidare (planerad fordjupad workshop mars 2026, planering tog
stopp i och med att EO10 pausas) for att stiarka praktisk tillimpning av systems engineering i
jarnvagsprojekt.

Vetenskapliga publikationer Scientific publications

Konferensbidrag inskickat till hEART 2026 (European Association for Research in
Transportation) om jarnvagens konkurrenskraft i en framtid med elektrifierade och
automatiserade lastbilar.

Popularvetenskap, seminarier, medier Popular science, seminars, media
Under aret arrangerades ett seminarium pa KTH den 14 november 2025 om spartrafikens
buller- och partikelemissioner. Den 14 maj 2025 genomfordes en nationell workshop med
titeln "Systemperspektiv pa jarnviagen” hos Trafikverket i Solna. Under varen 2025 holls aven
den nationella doktorandkursen Rail Systems Perspective. Darutover lamnades bidrag till
den arliga konferensen for excellensomradena.

Ovrigt Others
Fortsatt dialog med Trafikverket kring systems engineering och systemansvar under hela
2025. Fortsatt dialog om forandring av EO10.
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EU Rail FP5 TRANS4M-R

Fokusomrade Focus area Godstrafik Freight services ‘
Projektledare Project leader Behzad Kordnejad
Doktorand(-er) PhD students

Ovriga projektmedarbetare Other project members Ingrid Nordmark, Boban Djordjevic, Niloofar
Minbashi, Carlos Casanueva

Projektperiod Project duration 2022-06-01 - 2026-03-30
Finansiering, omrade Funding, area Trafikverket EU Rail FP5
Budget, totalt (mnkr) total, SEK millions 13,231 mnkr

Budget, per ar (tkr) per year, SEK thousands 2022: 1518 tkr

Specificerad for varje finansiar Specified for each funder | 2023: 3982 tkr
2024: 2722 tkr
2025: 3159 tkr
2026: 1850 tkr

Projektets syfte Project aim
Detta forskningsprogram syftar till att utveckla teknik och marknadsforutsattningar for
godstrafik pa jarnvag.

Intressenter Stakeholders
Projektet koordineras av DB och har 27 ingadende europeiska partners, dar Trafikverket ingar.
Trafikverket har i sin tur ett antal lankade parter, dar KTH igar.

Sammanfattning av projektet Summary of the project

En innovativ komponent som dgnas mycket analys at i detta projekt ar en ny typ av koppel,
Digital Automatic Coupling (DAC), for att automatiskt koppla pa och av rullande materiel i
ett godstag bade fysiskt (den mekaniska anslutningen och luftledningen f6r bromsning) saval
som digitalt (elkraft och dataanslutning). DAC anses dirmed utgora en mojliggorare for
andra innovationer i syfte att uppna okning av effektivitet och transparens i godstrafik pa
jarnvag.

Andra fragor ar sjalvkorande godsvagnar, datadelning inom godstransportkedjor samt
somlosa transporter, som avser jarnvagstransporter utan avbrott for till exempel
granskontroller och andra operationella stopp. Sparbunden tillstdndsovervakning via s.k.
”Standardised European Checkpoints/Intelligent Video gates” analyseras och anses vara en
viktig komponent for att uppné sémlosa transporter.

Nytt senaste aret (2025) News past year (2025)

Projektet ar nu i sin slutfas och under 2025 har en del utvecklingsarbete utforts men ménga
arbetspaket har under aret géatt 6ver till demonstrationsfasen. Vidare har forslag skickats in
for vag 2 av utlysningen med foreslagen startdatum 2026-07-01.

Mojlig implementation Possible implementation

Teknik som kan implementeras for att effektivisera, automatisera och digitalisera europeiska
godstransporter pa jairnviag. Exempelvis tester och demonstrationer av DAC samt installation
av "Standardised European Railway Checkpoints/Intelligent Video gates” dar TRV byggt tva
gater, en i Goteborg, och nu inom ramen av FP5 dven en i Malmo.
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Vetenskapliga publikationer Scientific publications

Samtliga artiklar, konferensbidrag, bokkapitel och rapporter i projektet i omvand kronologisk ordning, dvs.
senaste bidrag overst. Anvand det referenssystem du brukar. All articles, conference papers, book chapters and
reports in the project in reverse chronological order, i.e. most recent contribution at the top. Use your usual
referencing system.

Ny projektredovisning i Jdarnvdgsgruppen — ska kompletteras

Popularvetenskap, seminarier, medier Popular science, seminars, media
Bidrag, inlagg och resultatspridning som kan ge uppmarksamhet och inflytande, i omvand kronologisk ordning.
Contributions, posts and dissemination of results that can generate attention and influence, in reverse
chronological order

Ny projektredovisning i Jdrnvdgsgruppen — ska kompletteras

Ovrigt Others

Sarskilda omstandigheter som inte ryms under annan rubrik. Special circumstances that do not fit under
another heading
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