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What is C-DAS

C-DAS = Connected Driver Advisory System
Connects train traffic controller with train driver

Traffic controller (TC) can send “target points” to
drivers, i.e.,, when train should be at different
places

Optimize the train driving:
Improved punctuality, energy consumption,
capacity utilization, ...

Makes train follow the Real Time Traffic Plan -
RTTP (i.e., the operational timetable)

Trafikledare:
- Observerar nulage
- Planerar trafik

- Skapar malpunkter

Lokforare:

- Kor tag

- Prickar malpunkter
- Kan ha forarstod

- Nar malpunkt?
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Swedish C-DAS tests

» Large scale prototype-implementation at
LKAB iron ore trains 2011-2016

* Arlandaexpress ~2012-2015

* Small scale test installations
— Norrkoping-Jarna, 2020-2022
— Frovi-Borlange, 2020-2022
— Svappavara-Riksgransen 2021
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Challenge of handling
C-DAS trains and
non-C-DAS trains




Tag utan C-DAS
kanner inte till Constig | icke-C-DAS tag
uppdaterad plan N

Operativ tagplan

(RTTP) ——

"Verklig” korprofil

Kommer icke-C-DAS-tag kora enligt a, ———— ‘

b eller c?

Har stor paverkan pa andra tags Framtid
korning och effektivitet! I~ Nulinje

\ . .
s Historia
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C-DAS status today

« Trafikverket: “C-DAS is crucial for a future
better traffic control"

— Crucial for making "real world follow
the plan"

— Important to give traffic information for
drivers

— Extraworkload for traffic controllers

 Traffic control-side of C-DAS needs
enhancements:
e.g. decision support and automation,
better handling of trains without C-DAS, ...

* No C-DAS currently in operation, due to ...
(long history)...
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Developments in EU-RAIL FP1
Motional

RTTP Updater B® e

RISE & Trafikverket
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Focus & strategy

. Handling situation with mixed traffic (both C-DAS
and non-C-DAS trains)

. Increase quality of RTTP (Real-Time Traffic Plan =
operational timetables)

. Reduce extra workload for Traffic Controllers (TC)

. Automate with care (keep human-in-the-loop)
* TC makes large decisions
» System finetunes automatically




RTTP Updater

1. TC plansin Digital graf

|

Framtid
Nutidslinje
Historia

|

(2
M=



RTTP Updater

1. TCplansin Digital graf \

2. RTTP Updater fintunes:
1. Estimate runtime for grey train

* Runtime estimates made with machine

learning A B

|

Framtid
Nutidslinje
Historia

|
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RTTP Updater

1. TC plansin Digital graf
2. RTTP Updater fintunes:
1. Estimate runtime for grey train
2. Finetunes RTTP for C-DAS (and for

grey)
3. Creates p-RTTP (proposed RTTP)

* Runtime estimates made with machine
learning
* Finetuning made with optimization

|

Framtid
Nutidslinje
Historia

|
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RTTP Updater

TC plans in Digital graf
RTTP Updater fintunes:

1. Estimate runtime for grey train

2. Finetunes RTTP for C-DAS (and for

grey)

3. Creates p-RTTP (proposed RTTP)
Digital graf illustrates p-RTTP
TC accepts or declines p-RTTP (manual or
automated decisions)

|

Framtid
Nutidslinje

Historia

|

Runtime estimates made with machine
learning A B C D E
Finetuning made with optimization
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Demonstration 16.3

RTTP Updater

Better operations for C-DAS-trains

Martin Joborn* Oskar Rune Peter Olsson

RISE Research Institutes of Sweden, *martin.jobom@rise  Trafikverket

Abstract
Objective: n Better traffic flow with C-DAS ] Challenge . .
. C-DAS coordinates traffic control Unexpected stops for C-DAS- D t I f
Past trials of cted di 1dvi
s oA hata Wi e with drivers, enabling capacity wains because of non-C-DAS Igl a gr’a

s increase and energy optimization ains
issue of coordinating C-DAS and non-

C-DAS trains as an obstacle to realizing
the benefits of C-DAS. RTTP Updater
addresses this challenge for crossings
on single-track railway sections.

(POC)

Research and Methods: o
RTTP Updater consists of a deep
loarning runtime estimation module,
and a MILP-based optimization module
that creates a proposed Real-Time
Traffic Plan (p-RTTP), illustrated to the fratiiie ~

e H Finetuning the RTTP Runtime estimates
pieformed on the Abvoete Kalmar line, RTTP Updater creates traffic flow ‘Short-term runtime estimates are an

o
with a trffic controller using the i} flaecunlag the spetstionsl important part o the concest. Quality TRV PI & TRAFIKVERKET
systemin real-time. eofpaees ofestmatesaro st for i A &

Results:

The calculation performance of RTTP = »e

Updater is high, both with respect to RI
u

_— - - o ——— e e -

precision, solution quality and speed. v
Handling of p-RTTP in TMS is intuitive
and can be automated. Trains following.
the p-RITP achive the expected
enhanced traffic flow.
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Demonstration
Conclusion RTTP Updater is validated with VR's Oresundstbg on Vaxjo-Aryd
Hovmantorp
The system relives traffic controllers RTTP Updater in real-time. ‘ A
from tiresome minor updates and -
improves the quality of the plan. RTTP
Updater enables the benefits of C-DAS
~ also when all trains does not have
C-DAS.
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p-RTTP

Additional Information
Demonstration 16.3
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Sy Runtime RTTP
‘;»s ‘suthor(s) only and do not necsssarily reflect thase of the European Union or the e MOTI ONAL Estim ator Fi netu ner
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Europe's Railoint Undertaking and its membar.

RTTP Updater
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Testfall

« Tagmoten pa enkelspariga strackor,

utan passagerarutbyte

« Ett tag med och ett utan C-DAS
(Har dock inget riktigt C-DAS)
» Vaxjo — Aryd — Hovmantorp
- Mbten i Aryd varje timme
« Mal:
» Bra prediktioner
* Rimlig p-RTTP
» Acceptabel svarstid
* NOojd trafikledare
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Genomforande

« 3 Steg
1. Funktionstester med TKL
2. Anvandningstester
3. Tester med simulerat C-DAS
(via telefon)
* Februari — April 2026

« Datainsamling
* Formular for TKL + Lokforare
« Loggar
« Skarminspelning

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
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E Eurcpean Rail Network and Mcbility Management

=uropes Last prediction residual before 4 min prior to actual arrival

8 4

Resultat .

- Bra prediktioner efter avgang | H ] -
- p-RTTP ser bra ut T S P
- y BeraknlngStld ca. 50mS Last prediction residual before 8 min prior to actual arrival
<Zi « 25ms prediktion, 20ms optimering g ]
IC:> « TKL positivt installd till konceptet ¢ =
2 « Men: 3 -
= * Prediktionsmodellen pessimistisk ).
Cb innan avgang
« Mingangtider for optimistiska " T H
- Forsignaler... 0 -———— . ; |

Residual (actual - predicted) [min]
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Och vidare...

» Skala upp
« Geografiskt
« Tidsmassigt
* Fler sorters
» Finjusteringar
- Fall

Battre mingangtidsestimering
LOs pessimistisk prediktion
Kalibrering

Forbattra UX

GPS-data
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TMS - Trafikledningssystem

» Trafikledarens uppgift ar att planera .
trafiken utifran de forutsattningar som
galler vid varje enskilt tillfalle

« Beskrivs av den operativa planen (RTTP)
+ C-DAS maijliggor spridning av planen till .
taget vilket ar centralt

« Sker via en Journey Profile (JP) som
beskriver inom vilket utrymme taget kan
optimera sin korning

» Taget aterkopplar ocksa om JP:n kan
foljas och sin egen position och hastighet

e MOTIONAL

Eurcpean Rail Network and Mcbility Management

RTTP behover vara av tillrackligt hog
kvalité

 For att fa fordelarna med C-DAS och i
framtiden aven med ATO

Trafikledaren behover samtidigt kunna
lagga sitt fokus pa det proaktiva arbetet
« Modijliggora for trafikledaren att lagga den
overgripande planen och lata IT-stod
skota detaljerna

* Trafikledaren behover fortfarande ha
kontroll over det som sker
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Status pa Trafikverket

* Idag finns inget digitaliserat stod for att
uppratthalla en RTTP

» Trafikledarna anvander en pappersgraf

« En C-DAS-I6sning enligt SFERA (UIC IRS
90940 Edition 3) haller pa att utvecklas

« Malet ar att ha C-DAS redo att kopplas in
nar en digital plan (RTTP) finns

« Nyttt TMS haller pa att tas fram i egen regi

« Ett nytt system som kallas Fenix

« Utvecklas inom projektet HOPP som
planeras att avslutas 2028

e MOTIONAL

Eurcpean Rail Network and Mcbility Management

Mycket fokus ligger pa att fa ett
andamalsenligt verktyg dar trafikledaren
far bra stdd i sitt arbete och en férbattrad
arbetsmiljo

Bygger pa konceptet "styrning genom
planering”

* Planstyrd exekveringsfunktion

Utveckling i egen regi ger mojlighet till att
enklare ta in nya stodfunktioner i Fenix

« Som till exempel RTTP Updater
* Och mycket annat...
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Live-demonstration 15:50-16:05

Vid 15:50-16:05 genomfors live-demonstration av RTTP Updater.

Plats: von Sydow salen

Fall: M6te mellan Oresundstagen 1113 (Kalmar-Képenhamn) och 1072 (Malmd-Kalmar) pa station Aryd
Demo-ledare: Trafikledarinstruktor Pontus Thorstensson, Malmo TC

(Tyvarr ingen uppkoppling till lokforare idag)
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EEDN Co-funded by e MOTIONAL
** N **- the Eu ro pean U n iOI‘I European Rail Network and Mobility Management

=urope's

Funded by the European Union. Views and opinion expressed are however those
of the author(s) only and do not necessarily reflect those of the European Union
or the Europe’s Rail Joint Undertaking. Neither the European Union nor the
granting authority can be held responsible for them. The project ‘FP1-
MOTIONAL is supported by the Europe’s Rail Joint Undertaking and its members.
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