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About me

Background: civil engineering at University of Twente & TU Delft
Simulation researcher at Netherlands Railways since 2020
Research fields:

* Stochastic simulation

 Timetable adaptability

e Strategic planning of maintenance locations

2 Simulation for disrupted railway operations




Netherlands Railways (NS) at a glance

1.2 million
train journeys every day

6,830 kilometres of
railways
‘from Utrecht to Tibet’
9,000 points

17 billion passenger
kilometres every year

410,000 times round the earth

3,430 train drivers
and 2,950 conductors,
2,500 shifts every day

a 9 million people travel on

184,000 passengers

every day

Amsterdam Centraal:
NS trains every year

The world’s busiest rail
networks
1. Switzerland

Profit:
106 million euros 2. Netherlands

Revenue for 2018:
5.926 million euros



Our railway network

05:35

® Intercity trains

Regional trains

Time: 03:45

Visualisation that went viral on LinkedIn
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Our simulation model in Anylogic
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Virtual testing of innovations

Procurement and introduction of
new rolling stock

Picture : new Intercity rolling stock, type ICNG
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SC lf drlvmg trains Picture : ERTMS balise

Digital train protection system (ERTMS)




Applying Anylogic

Before Anylogic: only microscopic simulations

With Anylogic: macroscopic / conceptual

* Rapid development of concept (<1 week for new model)
* Integration with other tools (input and output)

* Iess data hungry |
* Interactive

* Fasyto use

* Explainable to end users

Picture : aerial view of complex railway junction at Utrecht, Netherlands
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Meet our model

Schematic track layout (drawn automatically)

Timetable from any desired year
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Picture : macroscopic railway layout
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User interface (Monte Carlo Experimen
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Macroscopiclayout (Simulation Experiment)
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Meet our model

Realistic breakdown rates (train and infra)

Rescheduling with simple rules or realistic plan
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Picture : blocked track because of incident with catenary
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Bestpractices

Put actions on transitions instead of
state entry

* Prevents confusion when using
history states

Read model layout from database
instead of drawing by hand

* Switch easily between layouts (in
our case: parts of NL)

Invest in user friendliness
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Figure : statechart of “Train’ agent, containing states for operational and failed situations
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Connected to production systems

Input from timetable planning software and rolling stock scheduler

XML files
* Conversion to SQLdatabase
 Anylogic reads from SQL

Export to SQL database, visualisation

with Power BI

e From Simulation, Parameter
Variation and Monte Carlo
experiments
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Figure

: timetable derived from planning software, simplified for Anylogic
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Casestudy: increasing train frequency

Benefits to customer, government
Waiting time decreases

Usually we’re asked to increase
frequency with same level for
punctuality

But a busier network always
decreases punctuality!

What is necessary to maintain the
high level of punctuality?

RS

Picture : boarding an Intercity train at Utrecht Centraal

3
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Performance dro

Increasing
frequency =
performance drop

Effect of
compensation:

* Infrastructure
* Tram rehability
* Adaptability

Bijsturing en simulatie
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Businessvalue: train procurement

Business question: is an extra investment
in reliability worth the money?

Capital intensive asset

Simulation of different reliability levels|.

Mixed environment: all train types
are modelled

Other causes of failures are modelled
on 2019 data

[NL] Dutch Railways: CAF preferred
bidder for next generation double deck
EMUs

Written by Railcolor Headquarters  on 24.08.2022 ~ in CAF, Operator News Passenger train:
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Businessvalue: train procurement

Punctuality = customer benefits

If we improved reliability by 20%,
0,08% of modelled trains would
arrive on time, instead of late

Decision: not cost effective

We invested i better incident
management

16  Simulation for disrupted railway operations

Punctuality difference per Reliability difference

0,08%

0,00%

Punctuality difference

-0,05%

-0,10%
0.20

-0,09%
-0,20

Reliability difference

Figure : difference in train punctuality for reliability of new double deck

rolling stock

S
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Our other models
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Picture : network simulation of the Netherlands
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Picture : simulation

of passenger behaviour during boarding and alighting




Bestpractice: iterative model development

Customer mvolvement from the start

Develop a concept model in 2 weeks

Demonstrate

Expand step by step

Stop developing when the business question is answered

Most of the time 1s spent on mvolving stakholders, getting data,
making scenarios
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Achievedresults with Anylogic

Introduction of new rolling stock (3x)
New safety system ERTMS

Automated Train Operation

Long term mfrastructure investment

Short term operational questions

Picture : regional train ‘Sprinter’, newest type
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We wish you a pleasant journey
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