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. The objective of the OT speed-instruction API

1. Scenario Killwangen: Potential benefit of speed
Instructions (students essay)

1. RTSE I: time based OT speed-instruction API
(implemented)

RTSE Il: location based OT speed-instruction API
(planned)
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Objective*:

» Train driver receives recommended speed instructions in cabine

* Improves prospective driving strategy, reduces unneccessary signal stops
and braking maneuvers...

« ...and saves a huge amount of energy.

ZHAW, Institut fur Datenanalyse und Prozessdesign, Raimond Wust
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l. Influence of speed control on energy

consumption
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Casestudy with Interregio trains between Rotkreuz and Lucerne*
*M.Luthi (2009): Improving the Efficiency of Heavily Used Railway Networks through Integrated Real-Time Rescheduling, Diss. IVT ETHZ
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. Influence of speed control on running time delay

Synchronous event:

last time interval with
Rotkreuz Lucerne
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Figure 7.14: Detailed topology of the Rotsee single-line section

Casestudy with Interregio trains between Rotkreuz and Lucerne*
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*M.Lathi (2009): Improving the Efficiency of Heavily Used Railway Networks through Integrated Real-Time Rescheduling, Diss. IVT ETHZ
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Running time
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Figure 7.14: Detailed topology of the Rotsee single-line section

Casestudy with Interregio trains between Rotkreuz and Lucerne*
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*M.Lathi (2009): Improving the Efficiency of Heavily Used Railway Networks through Integrated Real-Time Rescheduling, Diss. IVT ETHZ

ZHAW, Institut fur Datenanalyse und Prozessdesign, Raimond Wust



School of
Engineering

l. Influence of speed control on running time delay

IDP Institut flr
Datenanalyse und
Prozessdesign

]

.
s
t.'.

2

FRuntime EBI-C - EBI-80 for wrain heading to Luceme [s)

180+
120
X --'-‘ o -
%00 200 100 0 100 200 300 400 a00) B0

Relative duration between the two crossing trains [s]

Figure 7.15: Running time of Interregio trains towards the single line section at Rotsee in depen-
dence of the relative passing time with opposite train (green: major likelihood of no influence,
blue: potential likelihood of an influence, magenta: possible likelihood of an influence; red:
major likelihood of an influence)

Casestudy with Interregio trains between Rotkreuz and Lucerne*
*M.Luthi (2009): Improving the Efficiency of Heavily Used Railway Networks through Integrated Real-Time Rescheduling, Diss. IVT ETHZ
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Rail Control System/Operations Center

Daten

- detect/ resolve occupation conflicts
- make alternative routing suggestions
- adjust recommended train speed

- allocate save train paths

{7

g

)/

Adaptive Control (ADL)

/_-\

I - calculate optimal speed profile
| - sends speed instructions to train driver

ADL functions as
connecting link between
dispatching and train
driver Smartphone iPAD

Volcker, Marcus (2012): Adaptive Lenkung bei den SBB.

CabRadio

http://www.it13rail.ch/downloads/presentations/7_Voelcker ADL 1T13rail.pdf [download 22.11.2013]
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Killwangen-Spreitenbach: join of 2 main lines
* Heitersberg line (Killwangen-Aarau), part of east-west transversal between Zurich und Berne

* BOzberg line, from Basel via Rheinfelden and Brugg to Zurich

<< Basel Projektperimeter

overview of project perimeter (BAV 2013, adapted)
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Topology of station KLW: colorcode for train type based track utilisation

Zircher Hochschule
fir Angewandte Wissenschaften

School of
Engineering

IDP Institut flr
Datenanalyse und
Prozessdesign

Wiirenlos / e ) B .
— 08
= = = = o
eo- o0
-0 ey . oo
o0 po e
-0 L e “3 Dhtln::g
o 0
="} ] O .
o - RBL
O -0 .
! _ :
& Killwangen - L m
Ehrendingen afflisdorf ¢ .
Spreitenbach
Baden | Bopgelies
0 Birmenstorf _ Nettingen Otelfingen Bue
Legend:

b i 2
AP gl ?é
‘ ieton
. ) =5

Nesselnbach  Kiinten

Dottikon }
Niederwil

L

ZHAW, Institut fur Datenanalyse und Prozessdesign, Raimond Wust

intercity / interregio train
commuter train
cargo train

all train categories



Zircher Hochschule
fir Angewandte Wissenschaften

School of
Engineering

ll. Line frequencies extracted from time table

IDP Institut fOr
Datenanalyse und
Prozessdesign

zh
aw

line Brugg - Zlrich Altstetten — Zirich HB (from Fahrplanfelder 2012)
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Example

door failure at train 3
(IR 1955 Basel-Zirich, 2 min departure delay in Baden)

e train 3 passes KLW at 07:14 instead of 07:12, (which
corresponds to the planned passing time of train 4).

e Strong influence on the complete train set of scenario, three
trains from the Lenzburg line (train 4, 5 and 6) cannot pass
KLW as a ,cluster of three* between 07:14 and 07:19 any
more.

ZHAW, Institut fur Datenanalyse und Prozessdesign, Raimond Wust



lll. Speed instructions
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The mask ‘Analyzer’ is used in
order to execute speed
controled simulations.

The ‘Analyzer’ mask opens by
selecting the respective train
(siehe figure).

In the field ,Req. Speed” you
can enter the intended speed.
This speed is respected only if
it is below the technical speed
of the respective edge
(Otherwise the train drives with
the technical track speed on
the respective edge).

Analyzer [mESm]
Course |D: 4_553
Delay 1 | 370
Distance [rn]: | 6648 .2
Speed [krnh]: F | 140.0
Acc. [misis]: | 0.00
Req. Speed [krnat): Set | | Mohe
Dispatching: Sutomatic s |
[ Follow Train
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#0:

School of
Engineering

IDP Institut flr
Datenanalyse und
Prozessdesign




II Opera'“on Sta'te simulation time: 07:10:30
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Il. Operation state: 07:15:30 MAEG-KILW
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Prozessdesign
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Legende: Der 2ug verkehit nach Ankunft Anschiuss 8-10 Minuten Anschluss grosser ds 15 Anschlussbriiche
im ZHE weiter nach Minuten
Anschluss 7 Miruten Anschiuss 1115 Minuten Zuge aus der Simulation
(Minimumumsteigezeit ZHE)
Was wird als Anschluss In unserer Betrachtung gilt: Grunds Stzlich werden keine Anschiussbeziehungen in die Richtung publiziert, aus welcher der Zug kommt Bei S-Baknen und dem Internationaler Verkehe
betrachtet? (TGV EC.EN) werden keine Anschiisse hergestelit.
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ll. results scenario door failure train 3

aggregated delay and connections in Zurich
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Schweizerische Eidgenossenschaft
Confédération suisse
Confederazione Svizzera

f0r Angewandia Wissanschaften

Data analysis ~ZHAW, School of Engineering

Confederaziun svizra

Eidgenossisches Departement fiir Zh School of
Wirtschaft, Bildung und Forschung WBF aw Engineering and PrOCGSS—

Kommission fir Technologie und ‘]urgen Splelberger (InIT)
Forderagentur fo Innovation optimisation * Claudio Gomez (IDP)

* Bernhard Seybold (IDP, TraflT)
* Albert Steiner (IDP)

* Raimond Wist (IDP)

consulting [kazd SBB CFF FFS

Spleatg traffic engineering Rail operatios
Berge BdK-Projekt Practical requirements

esearch

Automatised conflict
resolution based on
process model

Smarter Rail

OPENRTRACK industry partner

realistic train simulation Marco Laumanns (IBM Research GmbH)

broad distribution Daniel Hurlimann (OpenTrack Railway Technology)
- lvan Levkov (Emch + Berger AG)
Peter Grossenbacher (SBB Infrastruktur Betrieb)
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Motivation: problems in service delivery
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« Limited usability of public transport due to communication problems

* Decreasing service reliability due to operational volatility and technical
disturbances

« Considerable total delay times due to local dispatching decisions

,I am sorry, | am unable to
tell you if you are going to
reach the train to Cham!
Please listen to the
loudspeaker announcement
at the station!*

Another red signal!
Now that | have just
caught up 4 minutes
of my 5-minute-
delay.

“The Interregio to
Lucerne was unable to
{ guarantee the connection.
We are sorry for any
inconvenience caused”

ZHAW, Institut fur Datenanalyse und Prozessdesign, Raimond Wust
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(10) common data

Management Layer

(I11) service intention

/% r Definition of Rescheduler Available resources
- [l fret :
(12) production plan and \_ga“] service intention 1
unfeasible train runs ' T L <
(If any) Infeasible - Slbased (re) | o
train runs h Q—Z scheduling
(15)
Logical Layer _
(12) production plan
]
(|5) new scheduling Production plan New scheduling | R;ot Fayse az#
. traint nalysis
constraints related to R cas o cas constram’
. A
the available resources ] t <
Creation of -
actor instructions R Mapping of event
o *  messages to
13 S Petri-net
(D
\_/
I
(I3) timetable and actor | Physical Layer
instructions for real-time
process configuration of
the railway network.

(14) position and
process state
messages
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lll. OpenTrackDispatcher Zh
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Prozessdesign
@ CpenTrackDispatcher 1.5.1.24522 EE

Configuration
tlmetaple mes_sages . . [[] openTrack Listen on port: |9004 Send to host / port: |localhost 9002
trainArrival (trainID, stationID, time, [delay])
trainDeparture (trainlD, stationlD, time, [delay]) Ces Listen on port: |9006 Send to host / port: |localhost 2008
trainPass (trainlD, stationID, time, [delay])

[[] Read From File Speed: |1
route messages

routeReserved (routelD, trainlD, time) @ simulation ConrolD e
routeReleased (routelD, trainID, time)

infraPartReserved (infraPartID, trainID, time)
infraPartEntry (infraPartID, trainlD, time) D m m B ST ENET TR

infraPartExit (infraPartID, trainID, time)

infraPartReleased (infraPartlD, trainID, time) ’—ﬁhﬂessages Model ]

Craate short massage: siml, sim2, sim3, sim4, simS, sim&, spl, sp2, sp3, p, t1, t2, t3, t4, t5, t6, %7, rl, r2, r3, r4

train messages
setRequestedSpeed (trainID, speed, [time])

resetRequestedSpeed (trainID, [time]) Craste message as xml directly
setEngineSwitch (trainID, switchOnOffFlag, [time])
setPerformance (trainiD, Message Store

performanceFactorOnTime, =startSimulation/ > —

performanceFactorDe-layed, [time])
Sendall

Remove

Clear

Clear

i
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-
|£| Display Event Queue - - [ = |o[El ﬂ

train... 1| eventType | ressourcelD operatingTi... | planne... § delayTi...

1 ROUTE_OCCUPRY KTI_Szenario2-14326-R:[14326]_WHN_2-[14337]_[1... | 28186 28182 =14 "

1 ROUTE_LEAVE KTI_Szenario2-14313-R:[14313]_[14313-{14326]_... | 28188 28136 -G2

1 ROUTE_RELEASE KTI_Szenario2-14313-R[14313]_[14313H14326]_... | 28204 28136 -G8 5

1 ROUTE_RESERVE KTl _Szenario2-14337-R:[14337]_[14337H{14348]_... | 28251 28251 ]

1 ROUTE_OCCURPY KTI_Szenario2-14337-R[14337]_[14337-{14348]_... | 28267 28251 -16

1 ROUTE_LEAVE KTl _Szenario2-14326-R:[14326]_WHN_2-[14337]_[1... | 28270 28182 -8

1 ROUTE_RELEASE KTI_Szenario2-14326-R:[14326]_WHN_2-[14337]_[1... | 28276 28182 -04

1 ROUTE_RESERVE KTI_SzenarioZ-14349-R:[14349]_WHN_3-ZP_V WN_4 | 28307 28307 0

1 ROUTE_RESERVE KTI_Szenario2-14371-R.ZP_WV_WH_4-[14383]_[143... | 28325 28325 ]

1 ROUTE_QCCUPY KTI_Szenario2-14349-R:[14349]_WN_3-ZP_V WHN_4 | 28325 28307 -18

1 ROUTE_LEAVE KTI_Szenario2-14337-R[14337]_[14337H{14348]_... | 28327 28251 -76

1 ROUTE_RELEASE KTl _Szenario2-14337-R:[14337)_[14337}-{14348]_... | 28333 28251 -2

1 TRAIN_PASS ZP_V 28338 28329 -9

1 ROUTE_OQCCUPY KTI_Szenario2-14371-R:ZP_V_Wh_4-[14383]_[143... | 28342 28325 =17

1 ROUTE_LEAVE KTI_Szenario2-14349-R:[14349]_WHN_3-ZP_V_WHN_4 | 25345 28307 -38

1 ROUTE_RELEASE KTI_Szenario2-14349-R:[14349]_WH_3-ZP_V_WHN_4 | 28351 28307 -44

1 ROUTE_RESERVE KTl _Szenario2-14383-R:[14393]_[14383-{14388]_... | 28387 28397 ]

1 ROUTE_OQCCUPY KTI_Szenario2-14383-R:[14393]_[14383}{14398]_... | 28415 28397 -18

1 ROUTE_LEAVE KTI_Szenario2-14371-R.ZP_V_WHN_4-[14383]_[143... | 28417 28325 -92

1 ROUTE_RELEASE KTI_Szenario2-14371-R:ZP_V_WH_4-[14383]_[143... | 28423 28325 -93

1 ROUTE_RESERVE KTI_Szenario2-14398-R:[14398]_WN_5-ZP_C_[144 .| 28438 28438 ]

1 ROUTE_OQCCUPY KTI_Szenario2-14398-R:[14398]_WN_5-ZP_C_[144..| 28458 28438 =20

1 ROUTE_LEAVE KTl _Szenario2-14393-R:[14393]_[14383{14388]_... | 28460 28397 -63

1 ROUTE_RESERVE KTI_Szenario2-14423-R:ZP_C_[14423-14428]_W... | 28461 28461 ]

1 ROUTE_RELEASE KTI_Szenario2-14383-R:[14393]_[14383-{14388]_... | 28466 28397 -G4

1 ROUTE_RESERVE KTI_Szenario2-14428-R:[14428]_WH_G6-[14440]_[1... | 28477 28477 ]

1 TRAIN_PASS ZP_C 28479 28468 =11 F,
update [ ] ping

1148 Events in der Queue

b
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Proposal: implement location based speed instructions
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