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ExecutiveSummary

Deliverable D34 5SY2yY AG NI 12N 2y-+ ENRIRR OB RA R §/ | igafrds§itI Y 2 y &
from the Shift2Rail IP5 project Fr8Rail Il WP 3. The main purpdke d€liverableis to verifythe
demonstrators developed in the project. There are two demonstrators: Hmmulation
demonstratorand theintelligentplanningdemonstrator. Thesimulation demonstratoconsists of

the Swedish Proton Model, RailSys and &ailML converter, and the intelligent planning
demonstratorconsists of the research platform M2, and the timetable modification module Timo.

Data was transferred between M2 and Timo in an extended RailML format

Chapter 2 presents the verification method and results forgimeulationdemonstratorbased on
Proton Proton is anacroscopisimulatian tool that cansimulate largenetworks Thesimulation
demonstratorwastested on scenarios pertaining thsruptions caused by either infrastructure or
vehicle degradation and the Proton simulation results are in line withhistorical data and
simulatian results from themicroscopic simulation tool RailSy$hesimulation demonstratowas
presented to practitioners during a workshamnd thepractitionersthoughtthe macresimulation
functionalities would be valuablewhen e.g. workingwith maintenance possession planning,
evaluating theworking timetableor when evaluating bstantial traffic changesThe main
challenges identified are that the macroscopic mochatnot detect alfesourceconflicts, and that
a conflictfree timetable must be providetb the demonstratoras input.

Chapter 3 presents the verification method and results forititelligent planningdemonstrator
comprising M2 and Timd he main benefit of MZ¥imois that tran paths can be automatically
generated. IFR8RAIL WP3 M2/Timo was tested in scenarios whesienew train path hato be
generatedfor operational reasonse.g.whena yard cannot receive a train as originally planned.
The scenariospecified in the regirements documentcan be run in thentelligent planning
demonstratorandreasonable train paths are returneHowever, more thorough feasibility checks
show that the train paths generated by Timo break some timetabling rulesniéikgent planning
demonstrator was presented to practitioners during a workshoghe functionalities
demonstrated weredeemedusefuland many ares of applicatiorwere suggestede.g. in theAd
Hocplanning process, for maintenance possession planning, when replanning closerstions
and to improveagiven timetable. The main challenges identifigelre how to select the objective
function, and whether the method would scale to larger problem aréasddition, similarly to
the Protonsimulation demonstratorthe M2/Timointelligent planning demonstratas based on
a macroscopic model and will therefore not deteditresource conflicts

In chapter 4 conclusions and future woréire presented.We conclude that the functionalities
demonstrated are of interest to practithers The practitioners thoughthe functionalities could
be used duringtrategic and tactical planningut alsofor planningclose to operations. Further,
the functionalities would be useful both ftraffic planningand maintenance possession planning
A final conclusion is that the current railMtandard does not cover all data needed for defining
a macroscopic timetable planning problem.

The next step for Trafikverkes to prioritize between different useful areas for the models Proton
and M2/Tima For selected areas, the models can then be further developed. Both M2/Timo and
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Proton are and will be used in curreRR8RAILI project.

There are some unresolved questions regarding which abstraction level that is appropriate for
different tasks andhow to adjust the level of abstraction depending on the problem at hamdl

more research is needed in this aréavould also be beneficiabtconnect the two demonstrators,
especiallyif the M2/Timo demonstratorcould provide Proton with the conflict free timetables
required as input.
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Abbreviations andcronyms

Abbreviation | Description

[Acronyms

DB Deutsche Bhn

KTH KTH Royal Institute of Technology

LiU Link6ping University

LU Lund University

M2 Timetable planningramework

IM Infrastructure Manager

Proton Punctuality and Railway Operation Simulation
RISE Research Institutes of Sweden

RU Railway Undertaking

Timo Timetable modificator

TRV Trafikverket (Swedish Transport Administration)
WP Work Package
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1 Background

¢KAad R20dzySyid O2yadAidziSa 5SSt AQJStmplanSingarn & 5 S
daily planning with improved interaction Ilglw! Ay Of dzZRAYy 3 ySGg2N] | YR ¢
Shift2Rail IP5 proje¢tR8RAIL.IThe document reports results from tasks T3.1.5 and T3.1.6.

As the title of the deliverable suggests, the aim of this report is to verify the demonstrators
developed in previous task3.o verify the demonstrators we must provide evidence that the
demongrators fulfil the demonstrator requirements specified in DR8quirements for a Decision
Support Too[1]. The work inFR8RAIL has been focussed on two separate demonstrators: the
Proton demonstrator and the M2Iimo demonstator. Thefirst demonstrator isasimulation
demonstrator which consists of the Swedigttoton Model, RailSys andrailML converter. The
second demonstrator is antelligentplanning demonstratoconsisting of two modules, a data
storage and visualis@in module called M2 andtimetable modification module called@ima. In
previous reports the two demonstrators were called modules, but in this report we use the word
demonstrator rather than module to differentiate between the demonstrators (simulation
demonstrator and intelligent planning demonstrator) and modules (WMo, Proton). Originally,

all three modules wersupposed to be connected and form one demonstrator, but as specified
by the limitations in section 2.2.4 of deliverable &3v S lj dzA NlRW3 Vi1 85 SOA A A 2y { d:
[1], the simulation demonstrator and the intelligent planning demonstrator will not be connected.

To verify the demonstratorswo sets of tasks have been performed. The first set of tasks concern
the functioning of the demonstrators and includes: (1) checking if the scenarios described in
Deliverable 3.31] canbe handled, (2) verifying the resultsguluced by the demonstrators, and

(3) checking if theailML format has been followed. For theroton demonstrator, the second
subtask (verifying the results) constitutes checking iffinetonsimulation results aré line with
output obtained when simiating the same scenario in RailSys and, when feasible, comparing the
results with historic data. For the MEImodemonstrator the second subtask constitutes checking

if the timetable planning rules are fulfilled. The second set of tas&performed toverify that

the demonstrated functionalities would be useful in real operations. These taskd)gys=senting

the demonstrators and their result® practitioners at workshop#o get their feedbackand (5)
graphically plotting the result® visually aalyse theirfeasibility.

1.1 Scope and Objectives
The main objectives cfR8RAIL WP3 are to:

1 Propose concepts and methods that improve the annual and dieomt timetable
planning, aiming at reducing the discrepancy between the planning perspectd/¢ha
operational perspective.

1 Demonstrate how the proposed timetable planning concepts improve the prerequisites for
real time network managementA demonstrator on improved sheterm planning and
daily planning with improved interaction IigI RU including netork and yard/terminals
should be developed.

1 Develop methods and tools that can reduce inefficiencies in real time network
management by e.g. improving the coordination between yards/terminals and the line
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network, and betweeriM and RUsRequirements fol real time network management
demonstrator should be specified.

1.2 Task Descriptions
This deliverable aims at fulfilling the tasks T3.1.5 and T3.1.6. The descriptions from the Grant
Agreement for these tasks are stated below.

Task 3.1.5 Development and Irgeation of Demonstrator for Improved Timetable Planning
Development of the demonstrator and a plugin interface according to the specification. The
demonstrator shall be loaded with data for simulation scenarios.

Task 3.1.6 Verification of the Demonstrator
Verification of the demonstrator for scenarios defined in Task 3. Be demonstrator will be
verified in combination with R8s simulations and historical data.

1.3 Outline of Deliverable D3.4

The report is outlined as follows. Chapt@r describes the verification of theimulation
demonstrator. It starts with an overview of tlemulation demonstratoin chapter2.1 followed

by an outline of the verification methods in chap@g®. Finally, the results from the verification
are reported in chapter2.3. Chapter3 describes the verification of thantelligent planning
demonstrator. The structure of this chapterthe same afor chapter 2 (overview, methods and
results).Chapterd provides conclusions based on the verification results and suggests future work.

! The scenarios defined in Task 3.1.2 are outlined in Chapter 2.2.1 and 3.2.1. They were originally described as use
cases in D3.3 Requirements for a Decision SupporfIpol
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2 Verification of the Simulation Demonstrator

One way of evaluating or predicting the performance of a railggstem is to use simulation.
Depending on the application it could be used as a support tool for planning on different time
horizons, for example the annual and shoimhe timetable planning, and give predictions for-on

time performance and other measure®Vith an estimate at hand, it is possible to consider
whether something can be done to improve the performance (overall or for some specific trains).
Assuming a simulation tool is fast enough but still reliable it may also aid in the daily planning and
improve the coordination between yards/terminals and the line network.

The core in the simulatiodemonstratoris Proton(Punctuality and Railway Operation Simulajion
and it is a macroscopic railway traffic simulation tool developed in the projects RIDEFA_ASA
2.The tool was formerly known as PRISN&a6a Railway Interaction Simulation Mogdéldetailed
description of howProtonworks can be found iZinser et. al[2]. DB is the main developer of
Proton, butthere is aProtonversionfor Swedermaintained by TrafikverkefThere is currently a
small number of users (less than 5) using Proton at Trafikverket, KTH and LU. It is the Swedish
Proton version that isised in the demonstratorThis version isrom September 201@&nd the
management of input data is adapted to data sources in Swedlka verification of the simulation
demonstrator is done by comparing results frorRroton simulations with corresponding
simulations in the microscopic simulation tool RailSys. Cugremtafikverket uses RailSys as its
primary capacity evaluation and simulation tool.

2.1 Overview of the Simulation Demonstrator

As previously mentioned, the main part in the simulat@emonstratorconsists of theProton
core. Relevant input files (data)ust be prepared before a simulation can be initiated. The main
input is the timetable and the corresponding infrastructure. An overview of the main stepe
simulation demonstrators given inFigurel. Different scripts are required to convert and create
input files toProtonand to process output data for evaluation, but these intermediate steps are
not shown in detail.

Timetable, infrastructure, and train moddhta is exported from RailSys. It can be based on the
national Swedish RailSys model or taken from some other RailSys model. This data is converted to
Protonformats. Technical running time templateare generatedor the macroscopic edge(i.e.,

links between location nodes).A running time template consists of fouminimum technical
running timesper edge andwhich minimum running timeshould be used depends on whether

the train stosat (any of ) the edge nodeA.script generates a set of train vants for import into

RailSys in which a running time calculation is performed, the trains are then exported, and another
script generates all the necessary driving time variants and produces a fitedimn

There is also a possibility of defining &l of infrastructure restrictions if there should be, for
example, speed restrictions afcertain duration on some edges or if there is a reduction in the
number of available tracks on edges, for example that one of the two tracks on a double track
sectbn is not available. These types of restrictions are defined with start and end times together
with corresponding dates.
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Figurel: Overview of the simulatiordemonstratorwith Protonas the simulation engine.

To atbieve variation from scheduled train initiation times as well as to model primary delays during

station stops (dwell) and during run time (on edges), different types of distributions are needed as
input for the simulation. Since a real timetable is usededisrence in the verification it is natural

to base the distributions on historical data from the same period. This data holds train passage
registrations for operational control point¢. KS & 0 NHzOG dzNBE 2F GKAa RIF Gt
be used irsimulations when it comes to modelling primary delays on edges, i.e. when trains run
from node to node. The work of finding appropriate primary delay distributions for use on edges
in the simulationss done inD3.3 of the PLAS2A project[3]. The same timetablaetwork is used

now, hence the samdelay distributions are used for the simulatidemonstrabr verificationin

this deliverable.

TheProtonsimulation produces output data, mainly timestamps for train arrivals and departures
in the respective simulation cycles. Different scripts are used for handling the output data and
calculating different types of statistics for evaluation groups or idd@i trains. With the help of
these it is also possible to plot a graphical timetable, showing both scheduled and simulated train
paths or just one of them. To some extent this has also been part of the verification since a
graphical timetable provides @latively good overview of the train runs. However, this has more
the character of random checks because it is realistic to only look at a few selected cycles.

Aseparate converter module has been developed with the aim of being able to cdaredn
output data into a subset adinextendedrailMLformat that is also used by thetelligent planning
demonstrator The railML converter is a first step towards connecting the two demonstrators, but
as described in other parts in this repgtiie simulationdemonstrator and the intelligent planning
demonstrator have not been linked together at this stage
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2.2 Verification Method for theSmulationDemonstrator
TheProtonsimulationdemonstratoris verified against historical data and Railfeyshe reference
scenario which does not contain any specifically set infrastructure restrictions or modelling of
specific disruptions. The testenarios, on the other hand, do contain specific disruptions that can
arise from track maintenance activi®r plain infrastructure errors. These scenarios are verified
against RailSys. Data for identifying these types of events and relate them to the historical train
passage data has not been availables klso unclear whether it would be possible to fombd
enough examples that would be suitable for creating simulation scenarios even if this type of data
were available. The measure of performance parameter chosen for comparing the simulated
scenarios ifProtonand RailSys is how much the punctuality, swead on a 5 minute level, drops
(changes in percentage points) for the relevant train groups.

2.2.1Verification of Test Scenarios

The test scenarmare presented iIFR8RAIL D3.3[1]. The simulatiordemonstratorhas already
beentested with these scenarios with the aim of investigating the functionali@ratonand the
associated input data management for modelling these scenarios. There are five test scenarios in
total, four of which are related to infrastructure restrictionsdisruptions (Scenariog®) and one
(Scenario 5) which is related to a change or error in rolling stock performance for chosen trains
resulting in systematic delay increase duatnmismatch between operational and scheduled train
performance.Scenario ¥4 are described ifrigure2.

In scenario 1, infrastructure restrictions reducing the number of tracks from two to one along with
speed reductions to 40 km/hre defined for two edges on two different locatiorghis can be

seen to correspond to soalled maintenance windows which are scheduled recurring time
intervals when preventive and other track maintenance can take place. The maintenance window
can covera long distance, but the actual track possessions are activated according to the track
maintenanceplanfor that date. The time intervals for maintenance windows vary depending on
location and day of week, but typically on this type of main line with maays of varying
categories the time intervals are set to night time.

Scenari® models a speed restriction to 70 km/h set on one location (edge) for both tracks. This
could be interpreted as a section where a track renewal project (track change) ng talaice
during night hours and imply a speed restriction during daytime. This procedure would continue
until the track renewal is fully completed and necessary follgmmeasures implemented.

Scenario 3 models an unforeseen infrastructure error at atiocavhich affects all passing trains
during the defined time, which in this scenario is five hoursygtematic disturbance in form of a

run time extension is imposed on all trains, the extension is around six minutes. This type of
systematic disturbanceould typically be caused by a signal error, all trains are forced to a stop at
a red signal and require authorisation to pass the signal at stop.

Scenario 4 also models an unforeseen disruption, but this time a whole section (edge) is closed for

one hour and no train can pass in any direction. This could be caused by a sudden infrastructure
error like a track error, an overhead line fault or a majgnal error. Some sort of action is required
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before operations can resume with or without further restrictions. Another reason for this type of
disruption could be a rescue or police operation.

In Scenario 5, two freight trains between Hallsberg andheireight yards (one in each direction)

get systematic run time extensions on all edges. The run time extensions are chosen so that they
IAPS | @FtdzS FNRdzyR mm: 2F (GKS NBaLISOGAGS (NI
also make several sps during their runs, both purely timetable technical stops but also one

commercial stop.
Stockholm. ¢
//
Hallsberg
Katrnehom

Motala

Norrkdping

Linkoping

Trands

N&ssjo

Stockaryd

Lidnas
Alvesta

Vislanda
Eneryda
Dio Norra

Almhult

V e==s Double track
emms Single track (in year 2016)

Malméd ’ Lund e==s 1 Singe track operation and speed reduction (hr 0-5)
e=me ? Speed reduction on both tracks (all day)

e==w 3 Signal error affecting both tracks (hr 14-19)

es=» 4 One hour interruption from 15:30

Figure2: Four of the five test scenarios simulated Proton and RailSys for verification.
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2.2.2Verification with RailSys

All five test scenarios and the reference scenario are simulat&taton and RailSys. Originally

the timetable used here was imported into RailSys from the timetable planning tool TrainPlan used
by Trafikverket. Since the Swedigimoton workflow has beenset up so that timetable and
infrastructure data is converted from RailSys, it is also logical to compare simulation results from
both tools. However, it must be kept in mind that these tools model the train runs significantly
different since RailSys warkin a microscopicenvironment and Proton in a macroscopic
environment. Although there are some common features in how the dispatching is performed in
the tools, the implementation will naturally differ.

2.2.3RailMLVerification

To ensure that the data producda the railML converterare well-formed and valid, the output
of the convertethas beenverified using Notepad++ XML plugin agaitiet combination obin XSD
file (XML Schema Definition Language) f@itML version 2.4, which encompasses a series of
subxhemasandan additional XML schen{aee6 Appendix: Extension XML Schértteat serves
as an extensioof the standardrailMLschema.

The need foran extension XML schema comes from the fact that the standatdiL schema
cannot handle all the data produced by th@lIML converter andused bythe intelligent planning
demonstrator More details o this limitationare givenin Section3.2. The standardailMLschema
allows the implementation of an extension XML schema to create new elements and attributes,
but only for limited locations in theailMLfile.

2.2.4Demonstration foPractitioners

The demonstration waperformed forsimulation and capacity experts at Trafikverket dahd
purpose was tassess to what exterProton is used in Sweden, atwl discussts potential and
next steps for Proton in Sweden.

The workshop included a presentatiarfi Protonwith both general information about the tool and
information on itsstatus at Trafikverket. short demonstration of how the tool is used was
presented. Also, a brief descripti@f ongoing andinishedprojectsin Swedenwvhere Protonis
used was given.

The workshop part consisted of some opemded questions and points being presented to create
a discussion about these, relating to possible areas of use faleéhwnstrator Areas discussed
were, among others, strategic planning, tactical plannithg, ad-hoc process and possession
planning.

2.3 Verification Result®r the Simulation Demonstrator

This section presents results from the verification of the simulatiemonstrator. The first part of
the results includes findings from the assessmenPadtonin comparison with RailSys for the
presented test scenarios. The second part is to confirm thatrali®L convertergenerates files

2 Information on railML is available at railML.org.

GA 826206 FR82WPO03-D-TRV-006-01 Pageld| 37


http://www.inaf.it/it/sedi/sede-centrale-nuova/direzione-scientifica/relazioni-internazionali/nuovo-logo-horizon-2020/view

“bhift Rail ES:;zpoenaﬁ%ﬁoion Funding F R8 RAl L I I

for Research & Innovation

that follow the standards ofailMLdata famat.

2.3.1Verificationof Test Scenarios

The aim is that the settings and input data are managed so that Bobton and RailSylsave
similar conditions, as far as possible. In addition to being two completely different tools, there are
some differences regdimg the handling of input distributions and their allocation to trains. In this
phase, the focus is primarily to check how small or large the differences are between the different
tools. For now, the punctuality on the 5 minute level is checked.

Before the scenario specific simulations, reference simulations are run (200 cydkesjanand
RailSys Kigure 3). These represent a normal scenario without any gpeanfrastructure
restrictions or disturbances. The punctuality is measured at the end location for each train. The
simulations from both tools are in good agreement with historical data. Punctuality for freight
trains differ with 34 %points. Howeverthis is not unexpected given the high variance in freight
train operations.

100 Reference scenario: Historical and simulated punctuality on 5 minute level

95 1

90
85 1
80 1
75 1
70 1
65 1
60 -
55 1
50

Historical data Proton RailSys

Freight trains W Passenger trains

Punctuality (%)

Figure3: Aggregated punctuality on 5 minute level at end locations for freight and passenger
trains shown for historical data and from simulations witAroton and RailSys.

The simulatedtest scenarios (44) are evaluated by checking which trains, according to the
schedule with addition of a time margin before and after, are directly affected by the infrastructure
restriction or disturbance which is applied in each scenario. The selected &arsplit into freight

and passenger trains and the same groups are checked from both simulation outcomes. In
scenariob there are only two freight trains that are imposed with systematic run time extensions
and therefore results are only reported fohdse two trains.Figure4 shows the simulated
punctuality differences (punctuality drops) for each scenario. The difference is taken relative to
the reference scenari@without scenario specific restrictions or disturbances) for the same trains.
As inFigure3, the punctuality is measured the end location for each train. The resuits shat

both tools give similar punctuality drofis most scenarios.
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Figure4: Simulation results for selected train groups in scenarigbl The values show drops in
punctuality. The number of freight and passenger trains imetcompared groups are indicated
on x-axis (freight/passenger) for scenarioz4.

Based on the results from the presented scenarios, the assessment is that it is possible to model
these types of infrastructure restrictions or disturbancemotonand they are in line with the
corresponding simulations in RailSys. Since none of the scenarios directly relate to any real
scenario from which there is historical data, no comparison with historical data has been made
here. However, this would be interesting tovestigate further. There are also other possible
measures to compare against but punctuality on 5 minute level is used here because it is the most
commorly usedmeasure in Sweden.

2.3.2RailML Verification
The validation of therailML converter output agaist the railML schema and the additional
SEGSyarzy -a] &a0KSYlI LI &aasSa o6AGK2dzi SNNBNER D ¢
the standards of theailML schema, and that the additional elements and attributes are created

in locations that arallowed by the standardailMLschema.

2.3.3Results fronbemonstration forPractitioners
Proton in Sweden has, so far, been used in research projects. The purpose has been to gain user
experience in setting up a model including relevant input data and to use the toedtinases. If

most of the input data needed by Proton can be convertedy@nerated from already existing
sourcesthen the great potential that can be seen with Proton is the speed of the simulations and
the ability to simulate large networks. The continued work in Sweden is to build up more

experience of Proton use.

The pragitioners recognized that the setup time for simulationsRnotonis much faster than for
an equal sized simulation in RailSys, but since the current Swedish application is that timetable
and infrastructure forProtonis converted from RailSykata, somepreparatory work is required
in RailSys anyhow. However, the aim is not to Rse#onfor doing thesame types of evaluations
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that arecurrentlydoneusingRailSyshut instead take advantage of the fact tHatotonis oriented
towards simulation of large networks.

Some concern was expressed that the currently installed versidraibn at Trafikverket does
not modelcrossing movements stations Here it was pointed out that the behavior is somewhat
similar as irthe current timetable planning tool TrainPlawhich does not indicate these types of
conflicts As a reply it was mentioned that newer versionsPobton have movedto handling
station track layout to a certain degree and that the modelling of train moets is improved.

A question was whetheProtoncan handle input that is not in form of a finalized timetable with
conflict free or almost conflict free train paths but instead more of a prognosis type with
frequencies and stopping patterns for specifiedin categories. One finding is that if a tool like
Protoncould get timetables from a timetable generator (another tool), the combination of these
tools could be a powerful package.

A specific question came about whether it is possible to use negadikees as edge delays so that
trains can run faster than planned (down to their minimum tineen if they are on schedyl®

reflect real operations better. This is one of many things that can be tested or checked in a
forthcoming project dealing witlProton and its use in Sweden.

Relating to early running freight trains (i.e. trains are ahead of schedule and not on their scheduled
paths), it was discussed that an interestitagk would be to evaluate to what degree the train

paths left free by early mning freight trains are used by other trains also deviating from schedule.
¢KS 3ISYSNIft jdzSadAazy A& oKFG AYLI OG SIFNIe& Nizy
Amore indepth analysis of this would be desirable since this issue is brayglfitom time to

other at Trafikverket.

The usefulness of Proton duringréy stagepossessioplanning in the secalledTPAprocesswas
alsodiscussedIn particular, the practitionergere interested in knowing Protoncouldbe used

for testingassumed restrictions against accessibility requiremelhtwas pointed out that if the
restrictions are largea modified (reduced) timetable is probably needed, and this must be
designed in some other tool and then converted sili®ton does not produceor generate
timetables by itself. If timetables exist, simulation can then be used for checking the effect on
punctuality from the track and/or speed restrictions resulting from one or multiple maintenance
work sites.

Another question was howrotonreads if given a timetable that has some conflicts, in our case
line conflicts given thatdetailed movementsn stationsare not modelled. This relates to the
remark about using prognosis timetables (without details) as input. This behavior can be tested.

It was also discussed if and h&woton could be used for evaluating whole train plans (like
annualworking timetablg. One problenfor this evaluatiorth & G KIF G gAGK (2RI &Qa
there will rarely be different proposed timetables to simulated if there are, the differences

will probablybe so smalthat a full network simulation wouldot indicate any clear difference in
performance. This is a general problem in these types of analgseasldifferencesare likely to
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be consumed by the tal general noise. &etup inProton should be calibrated and validated
accordingly so that the results are credible. Some work relating to this was done in-PIbASA

on a quite aggregate level. This type of work should be done more carefully in fortigcom
projects. Again, the question about getting a timetable generator in the future relates to this. How
such a tool would be designed to, on large scale, handle different requests and constraints was
not discussed further. However, it was recognized thatuld be challengindg?rotoncan be used

to simulate many timetables for many replications/cycles (assuming timetables are created from
elsewhere).

In practice, many disputes during the timetable design process are about conflicts between two
trains kelonging to different operators. The question is then whether something could be said
about expected punctualitgf the trains in question and perhaps surrounding trains by removing
one or the other. As a response to this it was pointed out that a toelRilotonis probably not
particularly suitable for these types of cases but more for assessigfantial traffic changesor
example to assess how increasing the number of freight trains b§% would affect the
performance

Another question thaemerged in theworkshop wasvhetherProtoncouldbe used for simulating

a setof ad hocapplicationtrain paths roughly adapted to the existitighetable. It was pointed

out as a response to this that this type of analysis would be better suited fof h2/(intelligent
planningdemonstrato) and thatProtonrQ & & ( NB y 3 (idémonstratol idzthé abiitg of
simulating large networks quickly. It is important to arrive at how thaesmonstratos (tools) best

can complement each other to take full advarfag 2 F G KSY® CNRBY ¢NI FA{ QS
important to find out what the respective tools can handle and how they can be used to contribute

to solutions to specific issues that Trafikverket must deal with. When it comé&sdtmn the
cooperation wih DB (DB Analytics) is of great importance.

Protonis likely to be given the same IT security category as RailSys by Trafikverket, maybe even
lower due to the macroscopic characteristics (lack of detail). If this is the case it will be well suited
for research purposes since that allowesults from simulationto be published without concerns

or limitations. However, this is currently an ongoing process inside Trafikverket.

Trafikverket poinéd out that it is interesting if the tool(s) are able of givipgognoses of
punctuality in short and long term for timetable changes and/or from restrictions arising from
track possessions etc.

3 Verification of the Intelligent Plannimonstrator

This chapter describes the verification of the intelligent planiegionstrator First, an overview

of the demonstratoris given. Then the method for verification is described and finally the results
are presented.

3.1 Overview of the Intelligent Plannibgmonstrator

The intelligent planningdemonstrator performs several typs of shoriterm timetable
modifications. It consists of twanodules M2 and Tmo (see Figure5). The actual timetable
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modificatiors areperformed byTimag, while M2 les the user specify the modification problgm

a graphical user interface where timetables are visualized) and provideswith a conflictfree
timetable, infrastructure data and parameters for the modification. M2 transfers the coffiféet
timetableand the infrastructure data tdimoin the extendedrailMLformat (seeSectiorn2.2.3and
Section3.2.3. The modification parameters are transferredliosnoas commanedine parameters.
When the modification has been performedio transfers the resulting timetable andPivalues
back to M2in the extendedrailMLformat, where the results are shown in the user interfgsee
Section3.2 for more information on the KPlsMore detailed information about the processing
performed by the intelligent plannindemonstratorcan be found iFR8RAIL WP 3 D3.31].

In the future, the functionalities demonstrated by M2/Timo may be used to improve the
interaction between Trafikverket and RUs. Currently, the M2/Timo platform is not used by
Trafikverkeemployeesbut Trafikverket discusspotential research areas andge cases with the
universities and research institutegrking with M2/Timo

Conflict-regulated timetable
Infrastructure data
Modification parameters

Meodified timetable
Objective function values

Figure5: The intelligent planninglemonstrator

3.2 Verification Method for thelntelligentPlanningDemonstrator
Thissection describethe methods used for verifyinthe intelligent planninglemonstrata. The
verificationhasfour parts: one forverifyingthat the module can handléhe previously defined
test scenarios, one forerifyingthat the timetables produced by the module are féds, one for
verifyingthat the extendedrailMLformat has been correctly usehd finally one for verifying that
the methods are of interest to practitioners.

3.2.1Verification of Test Scenarios
We will test theintelligent planning demonstratousing severatest scenarios as identifiedh i
FRBRAIL D3.3[1]. These test scenarios are in brief:

a. Changed departure time of a train: changes at the departure yard led to goneferred

departure time. The new timetable must adheresome defined departure time window,
and possiblsome arrival time window for that train. We may define how (and which) other
trains can be moved to accommodate the altered train.

b. Changed arrival time of a train: changes at the arrival yard led to apnef@rred arrival
time. The new timetable must adhere to some defined arrival time window, and ppssibl
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some departure time window for that train. We may define how (and which) other trains
can be moved to accommodate the altered train.

c. Changed runtime of txain: changsto, e.g., the train load or locomotive type, led to a new
minimum runtime, which yield® new ruming time template for the train. The new
timetable must adhere to some defined arrival time window, and pogsiirine departure
time window forthat train. We may define how (and which) other trains can be moved to
accommodate the altered train.

d. Add train to timetable: a new train needs to be added to the timetable. The new timetable
must adhere to some defined arrival and departure time windéevghat train. We may
define how (and which) other trains can be moved to accommodatetitedtrain.

After the user selects a timetable, line, scenario type and a time period, M2 produces a eonflict
free timetable basedn an inputtimetable, compiles input data and parameters for the timetable
modification, passes them nailMLformat to Timoand startsTimo. Timg, after reading input data

and parameters for the timetable modification, will then modify tbeginal timetable and
produce output data imailML formatt this constitutes the new, modified timetable. The modified
timetable output byTimois read by M2, and a graphical version of the two timetabltése
original timetable and the timetable modified byimor are displayed.Fa small timetable
problems it is feasible to 1612 generatethe originalconflict-free timetable on the g, butfor

large problems theonflict resolution step in M2 can takdang time andit may bepreferable to

start from a previously generated anded conflicifree timetable.

We will usethe graphical timetable representations to verify th@itmo achieves the initiated
changes according to the test scenator example, for test scenario 1, we check whether the
departure time of a considered tim was changed according to the chosen parameters. The
graphical representation will also be used to verify that the scenario parameters, e.g., the time
windows from which trains can be moved for the modified timetable, are met. Hence, this step
verifies hie applicability of our new planning algorithms for shtatm timetable (re)planning.

For each modified timetablthree KPIs are returned:lileneck robustnessdeparture deviation
and untime deviation

We measure theminimum bottleneck robustnessf all inserted train paths: the minimum
temporal distance between the departure time of an inserted train and the departure time of a
preceding or succeeding train at a station. The minimum is taken over all stations, all inserted
trains and all prdsucceeding trains A larger minimum bottleneck robustness indicates that
disruptions to inserted trains will spread to the full network less than with a smaller bottleneck
robustness.

Moreover, we compute théotal deviation in departure time®r all modifed trains, that is, we
sum up the absolute value of deviation between original and new departure time from each
station.

Finally, we compare the original and new runtimes, and computerétegtive changes in total
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runtime.We sum the quotient of runtimehange and original runtime for all modified trains, and
divide this sum by the total number of modified trains.

A small total deviation in departure times yields small relative changes in total runtime. However,
a large total deviationn departure times must not yield large relative changes in runtime, as we
might have simply shifted the train paths in time, which would result in the same runtimes, but
large departure time deviations.

Moreover, we need to verify the feasibility of the modified timewbllimetable feasibility is
constrained by several criteriage Section 3.2,2nd we will verify that the new timetable meets
all those criteria of feasibility.

3.2.2Timetable Feasibility

A timetable is considered confliftee, or feasible, if it adheres to a settohetablingrules. The
purpose of the rules is to ensure that it is physically possible to operate trains in accordance with
their train paths.There are also som@anetablingrulesfor ensuringa levelof robustness, i.e. that

the timetable can withstand small operational variations without resulting in conflicts or delays.

While M2 andTimoare separate modules, they should both enforce a set of timetabling rules, and
to verify this, we will check for feasibility according to:
- Train headway. A minimum temporal distance between consecutive trains is kept at all link

arrivals and departures. The distance depends on which link the trains trasidmay
depend on if theycrossbvertake or stopat any of the neighbouring stations.

- Train speed. All trains are assigned a speed that they can adiretheirplanned stops
There existfour different minimum running times for moving between two stations
depending on the stop patterrpassing both, stopping at both, stopping at the first and
accelerating, stopping at the latter and decelerating to that stop

- Dwell times at stationsApplicants have specified a minimum requestkeell time that
should berespected.

- Block occupancy at single track sections. Each block is occupied by at most one train.

- Meetings and overtakings. Train meetings and overtakings take place at appropriate
locations, e.g. at stations or where there are special crossing trackgingsean also take
place on double track links as opposing trains run on different tracks.

- Station capacity is respected.

3.2.3RailML Verification

The combination of standard and extension XML schemas that was used for verification of the
railML data producedby the simulation demonstratorailML converter (see Sectio.2.3 has

been used also for verification dfi¢ railMLdata produced by M2 andimo. The verificatiorhas

been performed using the tool XML Starl&he use of tlis extendedrailML format solves the
problem thatstandardrailML cannot handle all the data that need to be transferred from M2 to
Timo and vice versa. Specifically, standeadML cannot handlesome information that is needed
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