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Introducing myself

What | did before:
— MSc ETH in Spatial Development and Infrastructure Systems

— HIWI at Institute for Transport Planning and Systems,
ETH Zurich

— Working Student at SMA Partner AG, “Software.Labs” department

Feel free to ask questions at any time
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What is the link between Digitalization and Railway Planning?

Digitized Railway Planning Process

[ Network Planning h
t—[ Line Planning h

L[ Timetabling h
t—[ Vehicle Scheduling h
t—[ Crew Scheduling ]

Even a fully digitalised railway needs to be planned
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State of Research in Railway Planning:

Combining stages is promising

Planning Stages:

Network Planning h
AT
Timetabling h

Strategical
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g Crew Scheduling ]
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% [ Real Time Traffic Management ]
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é:)‘i (Liebchen & Mdhring, 2004; Lusby et al., 2018)
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State of Research:

 Individual stages:
— well understood
— various models & heuristics

« Combining stages:
— not fully explored
— countless combinations
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Strategies to combine multiple stages:

Strategy Potential Computational

Solution Quality Effort Integrated Pl;{;ﬁﬂg
Integrated Best (optimal) High / Intractable - -
Iterative Average Medium Timetabling
Sequential Poor Low
Summarised from Schiewe (2020) .
lterative Line
Planning
» J * =
Timetabling
Sequential
.. . Line . .
When aiming for an applicable approach, =) Planning M) | Timetabling | W

iterative approaches seem most promising
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Recent Work PT 1:

Enhancing the Interaction of
Line Planning and Timetabling
with Infrastructure Awareness

ETH:zUrich Institute for Transport Planning and Systems
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Enhancing the Interaction of Line Planning and Timetabling with
Infrastructure Awareness

Planning Stages: Motivation
[ Network Planning . Quality_& efficiency qf public transport / railways
determined by planning process
fremmEEEEEEEEEEEEEEEmEmEmEm_—_——_mmm—— -I
ti_[/ - Line Planning ' N | i * Planning in public transport is usually done in
. - o stages (Liebchen et al. 2004)
\‘ - |
i '\t_{/' Timetabling T : * Looking at multiple stages jointly yields solutions
LT i of higher quality (Schiewe 2020)

‘t—[ Vehicle Scheduling h

t—[ Crew Scheduling ]
Based on Liebchen et al. (2004)

The paper jointly considers periodic line planning and timgtabling for railways |
with emphasis o the interaction

N.7
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Method:
An overview on the structure

Line Planning Module (LPP) Interface Module Timetabling Module (TTP)
Initialise S
k ¢ ) +® we® .
p " o>
Yes | |®
Optimize Plan found —'D[ Convert ]— Optimize ]
\ J ’Q
A o,
Cea, N l
kR NI
Terminate [ Terminate J
————— Ban Conflict < [ Extract Conflicts ]<]~-—
Find a line plan such that: Given a line plan:
= Minimize total travel time = Find a timetable
= Uses available vehicles = Focus on feasibility
= |s free from identified conflicts = Extract possible conflicts
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+*"s Exploit infrastructure,

by assigning tracks
while solving

Reduce number of
iterations, by locating
and banning conflicts
precisely
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Does it work:
Case Study

‘; _' ;‘.Ai ~'. :*

(c) Rhatische Bahn AN
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Case Study: Infrastructure & Demand
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Results: Integrated Problem

Parameters Opsmall ODmcdian ODfull InfeaSIbIe ;
none slack & restrict-6-14  iterations 5 17 21 / (tOO restrlctlve)
runtime [s] 111.3 1166.5 1506.8
objective[h] 140.2 - -
some slack & restrict-6-14  iterations 4 36 39
runtime [s] 40.5 14’1252 176774
objective[h] 1402 41175 42173 T~ Feasible, solved in
max slack & restrict-8-16  iterations 4 7 7 at most 5 hours
runtime [s] 40.8 1'170.6 3538.6 /
objective[h] 140.2 3691.1 3779.3
Banning conflicts w.r.t. line plans = |terations down by
ODsmall ODmedian ODfull 12_25 t|meS
Ban X 1an iterations 6 179 83
maz slack & restrict-8-16 runtime [s] 56 36’000 36’000 = Solved in 1h vs
Ban X.onfiict | itera.tions 4 7 7 not solved in 10h
maz slack & restrict-8-16 runtime [s] 41 1’171 3’539
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The results animated:
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Recent Work PT 2:

Integration of Disruptions in Railway Planning
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Introduction and Motivation

What is the Problem with Disruptions?

Sargans

Vereina/

.. Veraina™
O ~~~\~
Davos ..

rm/% St.MoritzO

ETHzirich

More than a Swiss Issue

Dutch statistics on disruptions
(Rijden de Treinen, 2022)
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Creating resilient timetables with integrated planning

Railway Planning Process: Core ldea:

Consider disruptions already when creating a
[ Network Planning h timetable — to be prepared when they occur.

Create a timetable that considers

|
|
|
|
)
I [ ]
t | Timetabling | : Passenger routes
|
)
|
|

* Vehicle pool

1

1
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1

1

1
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I - .

! Vehicle Scheduling h « |Infrastructure

1

e ——
and which is resilient
Crew Scheduling ]
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How can we characterise resilience:

A
Response
< >, : Cost of Resilence
Pigeal = 100% 5 |
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Train Slot Sequences as a means to reduce complexity:

The Key Issue: How to Break down Complexity:

 Aim for a holistic assessment

Line A O »0 ¢

« This requires:

— passenger routing
— vehicle circulation
— track assignment
while timetabling
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Optimising and assessing timetables in one loop:

Optimisation Module

[{ Master-Problem J\

Conflict Potential Solution
k{ Sub-Problem ]J
ETHzirich

Assessment Module

/{ Dual-Problem J\

Best Response Critical

Infrastructure
L[ Primal-Problem ]4/

20.11.2022
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Case Study Network:
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Characteristics:

« 384 km tracks

« 102 stations

« Mostly single track

- Passengers & cargo

e Car shuttle service

Challenging for timetabling
(Fuchs et al., 2022)



Some Results for one iteration:
Can we improve Resilience?

Setup: | .
Performance curves: nominal —-— full response — - limited response

« 1 artificial demand scenario oo ._. -.

» All passenger trains

« 0/5/10 buses as response

P[%)]

« Compare before & after

100

P[%)
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Some insights:
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10 iterations, what happens during the iterations?

Setup:
« Subset of a real demand data-set (173 OD-pairs)
« 24 Passenger trains / 10 Iterations

* 5 Buses

Performance curves: — nominal —-= full response — - limited response

Best Nominal
100

P[%]

Iteration [n]
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10 iterations, what happens during the iterations?

Setup:
* Real demand data-set (1747 od-Pairs)
« 24 Passenger trains / 10 Iterations

* 5 Buses

Performance curves: — nominal —-= full response — - limited response

Best Overall

100
80
60
40
20

P[%]

Iteration [n]
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10 iterations, what happens during the iterations?

Setup:
 Atrtificial demand data-set (8 od-pairs)
« 24 Passenger trains / 10 Iterations

* 5 Buses

Performance curves: — nominal —-= full response — - limited response

Best Nominal Best Resilence

100

80
60
40
20

0

P[%]

Iteration [n]
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Summary and Outlook:

Future Chances,

1. Integrated planning
— Large potential
— Need for collaboration/toolboxes

2. Enhanced accuracy:
— ATO etc., reduce variance
— Allows increasing the efficiency

ETH:zUrich Institute for Transport Planning and Systems

Future Challenges

1. Passenger focus:

— Understanding passenger choices is vital

— “We can optimise the system,
but not the passengers

2. Increasing complexity:

— Complete integration leads to sophisticated

systems

20.11.2022
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