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Kort sammanfattning

I forskningsprojektet SATT (Samplanering av trafikpéverkande &tgérder och trafikfloden,
modellstudie) har en dynamisk trafiktilldelningsmetod (Dynamic Traffic Assignment, DTA) anpassats
for att kunna simulera jédrnvégstrafik. Detta erbjuder ett alternativ till tidtabellsplanering. Till skillnad
fran flodesoptimering, simulerar DTA tagrorelser med en hog detaljeringsgrad (ner pa sekundniva)
men kan dndé hantera stora trafikmingder med en rimlig berdkningstid. Metoden striavar ddaremot inte
efter ett systemoptimum utan soker efter en jamviktslosning dér inget enskilt tag kan hitta alternativa
vagar som forbéttrar dess restid eller generaliserade kostnad. Denna jamviktslosning brukar bendgmnas
som dynamisk anvidndarjamvikt.

Denna rapport redovisar ett forslag pé hur transportsimuleringsplattformen MATSim kan anpassas och
anvéndas fOr att gora dynamisk trafiktilldelning for jérnvégstrafik, utan négot krav pa en kénd
tidtabell. Anpassningen inkluderar simulering av tagtrafik pa enkelspars-striackor, hantering av
tillfilliga kapacitetsreduktioner (motsvarande sa kallade trafikpaverkande &tgérder, TPA), och olika
tagtyper. Metoden har testats och utvérderats med hjilp av tva sma exempelfall. Resultaten visar att
modellen ger realistisk hantering av tagtrafiken och dess formaga att finna en rimlig tagplan baserat pa
en enkel varderingsfunktion. Fortsatt arbete bor inriktas pa forfining av modellen och applicering pé
ett storskaligt nationellt nitverk.

Nyckelord

Dynamisk trafiktilldelning; jdrnvig; enkelspar; trafikpdverkande &tgérder
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Abstract

Within the research project SATT, a dynamic traffic assignment method (DTA) has been adapted to
simulate railway traffic. This provides an alternative way of railway timetable planning. Unlike traffic
flow optimization, DTA simulates the train movements on the smallest time scale (per second) and can
solve large scale problems within reasonable amount of time. DTA, however, it does not look for a
system optimum, rather it searches for an equilibrium state where no individual train can find an
alternative route that further reduces its travel time/generalized cost. This equilibrium status is often
referred to as the dynamic user equilibrium.

This report demonstrates an effort to adapt the transport simulation platform MATSim, as a DTA
engine, for railway traffic. The adaptation includes the simulation of railway traffic on single-track,
handling of various Temporary Capacity Restrictions (TCR) and different train types. The adapted
simulation platform is tested through two small case studies to illustrate the model performance. The
result demonstrates the model capability of realistically handling railway traffic and the ability to
construct a timetable, given an objective function. Future work should focus on refining the simulation
model and test on a large scale national railway network.

Keywords

Dynamic traffic assignment; railway system; single-track; temporary capacity restrictions
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Forord

Denna rapport och allt programmerings- och utvecklingsarbete har utforts av Chengxi Liu. Den
ursprungliga idén uppstod under krav- och behovs-studien inom SATT-projektet, och kldcktes av
Tomas Lidén, som &ven fungerat som bollplank under utveckling och rapportskrivning. Vi tackar
speciellt Gunnar Flotterdd for viktiga kunskapsbidrag vad géller MATSim samt for en noggrann
genomlésning och virdefulla synpunkter pa rapporten.

Stockholm, november 2021

Tomas Lidén
Projektledare

Granskare/Examiner
Gunnar Flotterdd, VTL

De slutsatser och rekommendationer som uttrycks dr forfattarnas egna och speglar inte nédvandigtvis
myndigheten VTI:s uppfattning./The conclusions and recommendations in the report are those of the
authors and do not necessarily reflect the views of VTI as a government agency.
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1. Introduction

The research project SATT aims at developing a holistic optimization method for the planning of
investments and maintenances on the national railway system. The outcome is expected to be a
prototype of an optimization model that jointly schedules pre-planned renewal and maintenance
activities, which we refer to as Temporary Capacity Restrictions (TCR), and the subsequent
adjustments to the traffic flows. The results of the project are documented in 4 separate reports. The
project team first investigated the existing literature on railway maintenance planning. Then a series of
meeting joint with representatives from Swedish Transport Administration (Trafikverket) were held to
identify the current problems in both economic planning and maintenance service scheduling within
Trafikverket’s current planning process. The identified problems were used to conduct
requirements/needs analysis that further were used to concretize the setup of optimization model. This
includes the analysis of model formulation from the following six aspects: network partitioning; traffic
representation; track representation; objective function formulation and degree of freedom in the
model settings; constraint formulation; time window partitioning. The results of literature study and
the results of requirements/needs analysis were documented in report 1. Report 2 consists of the
development of a separate modelling tool: Train Disturbance Assessor. The modelling tool generates
the train departures that will be affected by a given a set of TCR as the input. The development of the
optimization model with the outcome from requirements/needs analysis is then documented in report
3.

In report 3, a two-layer model structure is proposed for the joint optimization of TCR and railway
traffic flow as illustrated in Figure 1.

Scheduling of

TCR
Redistributed Interrupted
traffic days
Assignment of
traffic flow

Traffic flow model (detailed analysis of DTA)

Figure 1. The proposed two-layer model structure.

The proposed optimization model structure solves the scheduling of TCR and traffic flow assignment
separately to avoid the problem of different time scales in the two sub-problems (TCR is often
scheduled for a weekly or monthly base while traffic flow in a classic traffic flow model is modelled
as a quantity per time period, e.g., per hour). This setting simplifies the optimization model, since the
traffic flow is already given by the traffic flow assignment model when developing the model for the
scheduling of TCR, and vice versa.

When looking closely into the traffic flow assignment model, a typical model formulation aims at
assigning a decision variable, traffic flow per time slice, e.g., X trains between 8:00-9:00, to a given
track while following the basic principles of traffic flow theory. If the analysis period is long, the
resulting number of decision variables will increase dramatically, , for instance given that the analysis
period is a month and time slice is one hour, one needs to have 24 (hours)*x30 (days)=720 decision
variables for one track. The number also increases with the increase of origin-destination (OD) pairs.
For a national railway network with many O-D pairs and a fine-grained time partitioning, the scale of
the optimization model can grow too large to be solved within a reasonable amount of time. On the

VTI resultat 2021:5 9



other hand, if the chosen time partitioning is too coarse, the result of optimization may be less
informative, and even incorrect.

To this concern, dynamic traffic assignment (DTA) might be a viable alternative to the traffic flow
assignment model. DTA simulates each individual train’s movement second by second and without
the need to bundle trains into flows for a chosen time scale as in the traffic flow assignment model.
One instead obtains the location of each train at any given time, e.g., “train 4 at 8:15:40 is on track X"
in a simulation in contrast to “train 4 is on track X at time interval 8:00-9:00” in the traffic flow
assignment model. This suggests that DTA delivers more realistic vehicle dynamics and thus improves
model credibility. DTA can handle large number of O-D pairs and solves the problem within the
reasonable amount of time. However, DTA does not guarantee system optimality as DTA uses
heuristics to achieve an approximate optimal solution but not exact optimal solution as offered by the
traffic flow assignment model. This approach is adopted partly due to the possible non-existence of
such exact solution when individual train is simulated.

DTA simulation differs from most existing railway traffic simulators such as PRISM and Railsys
(Zinser et al., 2019) as the main purpose of DTA is to identify individual route for each vehicle trip in
combination with the resulting travel times, while railway traffic simulators need a predefined
timetable with fixed routes as input. This difference indicates that DTA, if used for simulating railway
traffic can actively search for a reasonable timetable in which, e.g., individual trains attempt to
minimize their delays/travel time in a competitive manner (whereas an optimal flow assignment
imposes cooperation upon the trains).

DTA originally considered road traffic, thus railway specific features such as single-track, etc. needs
to be developed to correctly simulate railway traffic. This report first describes the DTA methodology
and then introduces the DTA model platform MATSim. Then the report illustrates how MATSim is
adapted to simulate railway traffic. MATSim is an open-source framework for implementing large-
scale agent-based transport simulations. This report is organized as the following: Section 2 introduces
the basic concept of dynamic traffic assignment and the MATSim simulation platform. Section 3
describes how railway specific features are handled in MATSim. Section 4 provides two test cases on
a toy network to illustrate the performance of the adapted MATSim simulation model. Section 5
concludes.

10 VTI resultat 2021:5
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2. Dynamic traffic assignment in MATSim

2.1.  Dynamic traffic assignment (DTA) in a nutshell

In this section, the basic concepts involved in a DTA model are described. The section first explains
the user equilibrium (UE) and static traffic assignment (STA), and then describes the dynamic user
equilibrium (DUE) and dynamic traffic assignment based on UE and STA.

In understanding road traffic congestions, various traffic assignment algorithms were developed to
simulate vehicle route choice and movements on networks. The common behavioural assumption is
that a traveller (vehicle) will choose the route with least travel time or generalized cost from his/her
origin to destination. Once every traveller has chosen a route, a network flow simulator can determine
the flows and delays on all links and points in time. This again changes the path cost of each traveller
and thus again alters the route choices and subsequent traffic flows and travel times.

A User Equilibrium (UE) is a situation where no traveller can unilaterally change to a better path.
Traffic assignment algorithms aim to find routes that approximate this situation. Historically, the
traditional traffic assignment algorithms aim at finding the so-called static equilibrium, meaning that
traffic flows/volumes and travel times on links and routes are considered as constant over the analysis
period. In addition, congestion is usually assumed to be confined to the link where it arises. For
instance, given the analysis period as morning peak hours, 6:00-9:00, the static traffic assignment
algorithm only defines and solves the overall equilibrium traffic flows and average travel time for the
period between 6:00 and 9:00 while ignoring the fluctuations of travel times and flows within this time
period. The static approach provides several advantages as the underlying mathematical problem
formulation is tractable and can be proven to have a unique solution, which can be found with efficient
techniques. However, the lack of temporal dynamics in combination with network congestion effects
limits the applicability of static assignment. For instance, a queue can be generated within a short time
window, blocking the upstream links and then disappearing, thus travel time at 8:00 may differ
significantly from that at 8:15 on a given link.

To this concern the dynamic traffic assignment (DTA) methods were developed within recent decades.
It aims at finding a dynamic user equilibrium, where flows and travel times change jointly over time.
In consequence, the underlying behavioural assumption of travellers’ route choice needs to be altered.
A traveller who starts his/her trip at a given time may choose the route with the least travel
time/generalized cost at the time when he departs. This then assumes that the traveller has full
knowledge of the travel times on the network level at any given time as they have learnt the travel time
on different routes through their previous travels. Since travel times are different at different time, the
travellers on the same O-D pair departing at different time may choose different routes with different
travel times and generalized costs. However, the user equilibrium is still maintained for travellers
departing at the same time on any given O-D pair. In other words, in the dynamic version of user
equilibrium, travellers on the same O-D departing at any given time will find that they cannot find any
other route at that particular moment that reduces their travel time or generalized cost other than their
chosen route. This generalization is referred to dynamic user equilibrium (DUE). A DTA algorithm
aims at finding the dynamic user equilibrium status of a given network and travel demand profile.

Given the complexity of the underlying mathematical model, DTA algorithms usually adopt an
iterative process with generally three steps as illustrated in Figure 2 (Friesz et al., 2010). Different
DTA algorithms however have different treatments of subordinate algorithms within those 3 steps.

e Network Loading: Knowing departure times and routes of all trips, this step involves the
assignment of vehicles on the network and calculates the congested travel times.

e Path Set update: this step includes calculating the least travel time/generalized cost route given
the link travel times from step 1.

VTI resultat 2021:5 11



e Path adjustment: this step adjusts the vehicle route choices according to the shortest routes
from step 2 to better approximate dynamic user equilibrium.

lysis Peri »
Simulation Analysis Period Assignment

IHGr al Intggval
T
H

Network Loading

Arrays storing time-varying travel time, intersection delay, etc.

Path Set Update (including latest Time-Dependent Shortest Path)

Path Adjustment

Arrays storing vehicles and assigned (selected) paths

Figure 2. General procedure of DTA algorithm (Friesz et al., 2010).

2.2. MATSIim technology

MATSim is an open-source framework for implementing and solving large-scale agent-based
transport simulations. In MATSim the daily travel of an agent (traveller) is described as a plan. The
plan defines a sequence of trips and activities of the given agent on the given day. For instance, the
plan describes at which time the agent will start a trip from the given trip origin and his/her desired
departure/arrival time at a destination location, and then his/her activity duration and activity type at
the given destination. This is followed by the desired departure time of next trip, etc. MATSim then
simulates each individual plan and tries to find plans that maximize the individual scoring function.
For instance, the scoring function can be defined as a function of individual’s total travel time on the
given day. The scoring function can include different travel time/travel distance components as well as
activity participation. MATSim also adopts an iterative process which also is often referred to the
MATSim loop (Horni et al., 2016), see Figure 3.

e Mobsim: given the initial demand (plans of all agents), the Mobsim simulation engine
executes the plan of each agent according to their current plans. This is the same as the
network loading.

e Scoring: the scoring then evaluates their plans based on the Mobsim simulation results, e.g.
travel times and departure/arrival times compared to agents’ desired departure/arrival times for
each activity. This is the same as evaluating an all-day utility function that may comprise
travel disutility, schedule delay cost, monetary costs, etc.

e Replanning: the scores then guide the replanning process in which the scored plans will be
compared to the agent’s other experienced plans and a portion of agents (usually 10%) will
alter their current plan.

12 VTI resultat 2021:5
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Figure 3. MATSim loop (Horni et al., 2016).

2.2.1. MATSim simulation in-a-loop as a DTA model

The MATSim loop is analogous to the general three steps in the DTA algorithm of Figure 3. The
Mobsim step in MATSim is a network loading procedure. The plan for a given agent in MATSim can
be defined such that the agent’s travel plan includes only one trip. The Scoring step then will only
calculate the plan score according to that trip’s travel time/generalized cost. The Replanning step
includes Path Set update and Path assignment adjustment. The replanning step adjusts the experienced
routes/plans and suggests new routes/plans according to the calculated plan score from the Scoring
step.

Compared to the DTA discussed in section 2.1, MATSim can further specify the simulation’s degree
of freedom by activating/deactivating the travellers’ mode choice and departure time choice. These
functionalities make MATSim differ from the standard solver of DTA model.

2.2.2. MATSIim in practice

MATSim is implemented in Java and model specification is also done in Java. MATSim reads and
writes files in xml format. A minimum requirement of a MATSim simulation will involve a network
file, an initial plan file and a config file describing the parameter settings. The output comprises a
detailed account of all events that occurred in the course of the simulation. Relevant performance
statistics (travel times, scores, ...) are obtained by postprocessing the event stream.

Input files

The network is the infrastructure where agents and vehicles are allowed to move. A typical

network .xml file is presented in Figure 4. The file includes the nodes with its ID, X, and ¥
coordinates, and links with its ID and from, to nodes’ IDs. In MATSim, each link is one directional
with a from node and a to node. A bi-directional road will be coded as two one-directional links. The
necessary link attributes include the link length, free speed of vehicles on the link (which can be
overridden by individual vehicle speed defined in vehicle type files, see section 3.3), link vehicle
capacity measured as number vehicles per hour, number of lanes (permlanes) and a list of modes
allowed on the link, which can be multiple such as “car, bike”. Except the above-mentioned necessary
attributes, both nodes and links can have additional user defined attributes. For instance, a link can
have “has bicycle lane” as an additional attribute which may be used in a DTA of bicycle trips.

VTI resultat 2021:5 13



o U w0

?xml version="1.0" encoding="urF-8"2>
<!DOCTYPE network SYSTEM "http:

www.matsim.org/files/dtd/network v2

.dtd"

Fl<network>

=

<nodes>
<node id="n
</nods>
<node id="n 2" x="
</nods> -
<node id="n 3" x=
</node>

1 z="0.0"
1000.0"
"1500.0" y="

<node id="n_ 4" x="
</node>

<node id="n_5" x="
</node> -
<node id="n_6" x=
</node>

<node id="n 7" x="
</node>

<node id="n 8" x="
</node>

</nodes>

'2500.0" y="

"2500.0"

1500.0" y="

¥v="0.0" >

¥="0.0"

3000.0" y=v0.0"

4000.0" y="0.0"

>

>

'-866.0254037844386" >

'—866.0254037844386" >

.0254037844386" >

.0254037844386" >

<link id="1_6_AB"

PYLEIEN

<link i

</link>

<link id="1 1 BA" from="n 2
</link> T

<link id="1 2 AB" from="n 2" t
</link> T

<link id="1 2 BA" from="n 5" t
</link> T

<link id="1 3 AB" fro

</link> T

<link id="1 3 BA"

</link> T

<link id="1 4 aAB" fro

</link> T

<link id="1 4 BA" from="n_ 4" to="
</link> - -

<link id="1 5 AB" from="n_ 4" to="
</link> - -

<link id="1 5 BA" from="n 5" to="
</link> T -

Erom=r"n_2" to="

cellsize="T7.5"

2" length="

3" length="

2" length="

4" length="

3" length="
5" length="
4" length="
7" length="

"1000.0"

effectivelan

freespeed="

=12000.0" freespeed="

2000.0" freespeed="
999.9999999939999"
999.9999959939999"
1000.0" fresspeed="
1000.0" fresspsed="
999.9999999989999"

999.9999999999999"

999.9999999999999"

Figure 4. An example of MATSim network file.

"3 750>
.0" capacity=

.0" permlanes="

.0" capacity="20.0" permlanes="
25.0" capacity="20.0" permlanss="
25.0" capacity="20.0" permlanes="

freespeed="25.0" capacity="20.0"

freespeed="25.0" capacity="20.0"
25.0" capacity="20.0" permlanes="
25.0" capacity="20.0" permlanes="

freespesd="25.0"

fresspeed="25.0" capacity="20.0"

freespsed="25.0" capacity="20.0"

" permlanes="1.0"

1.0 >
1.0 >
1.0" oneway="1" modes="car" >
1.0" oneway="1" modes="car" >
permlanes="1.0" oneway="1" modes="car" >

permlanes=1.0" one >
1.0" oneway="1"
1.0" cneway="1" modes="car" >

oneway="1" modes="car" >
permlanes="1.0"

oneway="1" modes="car" >

permlanes="1.0" oneway="1" mode.

w

=rcar" >

The initial plan file defines an agent’s travel and activity participation on the given day, including the
origin and destination, travel mode, departure time etc. Figure 5 gives an example. The plan file
consists of various “persons” while at least one plan for each person needs to be defined. In the
example below, person with ID “P_AB 1 has one defined plan which involves only one trip. The trip
starts from its home, located on the link with ID “1 1 AB?”, at 8:00:00 in the morning, and the trip is
made by car. The trip destination is his/her workplace, located on the link with link ID “1 3 AB”. The
arrival time of this trip will be determined through the Mobsim simulation according to the simulated
travel time. This person will however leave the workplace at 21:00:00.

The plan file can have more than one plan for each person, but one needs to specify which plan will be
executed in the first iteration in the Mobsim through the line “<plan selected="yes”>".

14
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<?xml version="1.0" encoding="utf-8"2>

<!DOCTYPE population SYSTEM "http://www.matsim.org/files/dtd/population vé.dtd">

H<population>

SR T ST S

<person id="P AB 1">

11 <plan selecte ="yes">

12 <activity type="home" link="1 1 AB" end time="08:00:00" >
13 <factivity>

4 <leg mode="car">

15 </leg>

16 <activity type="work" link="1 3 AB" end_ time="21:00:00" >
17 <factivity> T

18 </plan>

</person>

<person id="P AB 2">

<plan EEl;C:;d:”yes”>
<activity type="home" link="1 1 AB" end_time="08:00:07" >
<factivity> T
<leg mode="car">
</leg>
<activity type="work" link="1 3 AB" end_time="21:00:00" >
<factivity> T

</plan>

</person>

Figure 5. An example of MATSim plan file.

Parameter settings

The config file specifies all parameters to be used in each module in MATSim. All configuration
parameters are simple pairs of a parameter name and a parameter value. A minimum config file
consists of a list of parameter settings, see Figure 6, including from where to load the network, the

initial plan files, where to save the output data and the scoring parameters (planCalcScore). If one has

custom written pluggable modules, the corresponding parameters can be defined in the config file

within its own module section.

VTI resultat 2021:5
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<config>

<module name="network">
<param name="inputNetworkFile" wvalus="testNetwork singleTrack.xml" /=
</module>

<module name="plans">
<param name="inputPlansFile" value="testPlan singleTrack.xml" />
</moduls>

<module name="controler":>
<param nams="ocutputDirectory" wvalus=". ,/c:utput_singleTrac:k" />
<param nam "o S
<param name="lastIteration" wval 2n /=
<param name="eventsFileFormat" valus="xml" />
</moduls>

"firstlteration" valu

<module nams="gsim">
<param name="startTime" valus="00:00:00" />
<param name="endTime" wvalus="0:15:00" />

</madule#
<module name="planCalcScore" >

<paramsterset ty
<param nam

="scoringParameters">

ateArrival" value="-1800" />

<param nam arlyDeparture” valus="-1000" />
<param nam arginalUtilityOfMoney" valus="1.0" />
<param nams=="waiting" valus="-0" />

<parameterset type="modeParams">
<param nam
<param nam
<param nam

ode" value="ecar" />
onstant" valus="0.0" />
arginalUtilityOfDistance util m" value="0.0" />

<param nam arginalutilityofTraveling util he" val -23400" />
<param name="monetaryDistanceRate" valus="-0" /> <!-— 18.5 SER/mil = 0.00185 SEE/m —->
</paramstersst>

Figure 6. An example of config file.

Output files

Once a MATSim simulation is performed a series of output data will be generated and saved within
one folder. The output files include:

16

A Log file: this records the information during the model runs. This file is vital for identifying
reasons if the simulation is aborted.

A Score Statistics figure: this tells the evolution of scores of the executed plans.

Leg Travel Distance Statistics: this plots the total travel distances of all trips for each
iteration.

Stopwatch: this records the running time information of each iteration.

Events: one of the most important output files. It is generated for each iteration or the
iterations the user chooses, e.g., first or last 10 iterations. It records when and where a
particular event has happened during the simulation. In MATSim, see Figure 7, the events are
related to the agents and/or vehicles entering or leaving a particular network object or the
interaction between the agent and the vehicle. Figure 8 gives an example of such an event file.
Each row in the event file represents a registered event with an event type (Figure 7), event
timing, person or vehicle ID, location (link ID) and activity type/travel modes depending on if
the event is activity related or trip related. This file provides a track of each agent’s/vehicle’s
location and time at any given time step, thus serves as a foundation of many postprocess
scripting.

Plans: the plan file records all anticipated plans with their scores and if required also
experienced plans. It can be printed for each iteration. Compared to the initial plan file, the
executed plans will also include the travel time, travel distance of the trip as well as the used
vehicle IDs and route (consists of a list of link IDs). An example is provided in Figure 9. The
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plan file provides a convenient access for calculating the trip statistics for custom
applications.

e Leg histogram and leg duration: they provide trip departure time and trip duration histogram.

ActivityEndEvent ActivityStartEvent

&

PersonArrivalEvent

-

A

~

PersonDepartureEvent

-

\ &

¢

PersonEntersVehicleEvent PersonLeavesVehicleEvent

VehicleEntersTrafficEvent VehicleLeavesTrafficEvent \
(old: Wait2LinkEvent)

«>Sed--->Se
\

L ]
M
A
n
L ]
N
Al
A

LinkLeaveEvent LinkEnterEvent LinkLeaveEvent LinkEnterEvent &

.

-

1 <?xml versiom

2 [H<events versio

3 <event ti e="actend" person="P_AB 1" lin . 1 AB" actType="home" />

4 <event o =="departure" person="F_AB 1" link="1_1_AB" legMode="car" />

5 <event -0" type="PersonEntersVehicle" person="P_AB 1" vehicle="P AB 1" />

3 <event .o" =="vehicle enters traffic" person="P_AB_1" link="1_1 AB" vehicle="P_AB 1" nstworkMcde="car" rslativePositioa=@1.0" />
7 <event type="left link" link="1 1 AB" vehicle="P 2

8 <event e=ventered link" link="q 1 2 AB" vchicle="P AB 1"

9 <event e="left link" link hicle:

o <event e="entered link" link 1 2 AB" vehicle:

<event 1 1 AB" actType="home" />
AB 2" link="1_1_AB" legMode="car" />
'P_AB 2" wvehicle="P AB 2" />
4_PA" actTyps="home" />
"1 4 BA" legMode="car" />

e="actend" perso
<event

type="departure" person
vpe="PersonEntersvehicle" person

<event

W

<event type="actend" person="P_BA 1" link

e="departure" perso BA 1" lin

<event

“ oW

<event typs="PersonEntersVehicle" person="P_BA ! ehicle="P _BA 1" />
<event =="vehicle enters traffic" ="P_BA 1" link="1_4 BA" vehicle="P_BA 1" networkMode="car" relativePosition="1.0" />
8 <event 2 P_BA 1" />
5 <event typs="entered link" link="q 1 3 BA" vehicle="F BA 1" />
o <event ype="left link" link=
1 <event type=ventered link" link
2 <event =="actend" perso 4 BA" actType="home" />
3 <event type="departure" perso "1 4 BA" legMods="car" />
4 <event e="PersonEntersvehicle" perscn wehicle: />

<event ms 28840.
<event time="28840.

1_1_AB" actType="home" />

ype="actend" person="F_AB 3" lin »
AB 3" link="1 1 AB" legMode="car" />

type="departure” person:

[

<event ype="PersonEntersVehicle" person="F AB 3" vehicle="P AB 3" />
8 <event type="left link" link=' 2 _AB" vehicle="P_AB 1" />

<event e=tentered link" 1i = 1 3 AB" vehicle="P AB 1" />

<event typs="left link" link="c 1 3 AB" vehicle="F AB 1" />

<event c="entered link" link="g 1_3 AB" vehicle="P AB 1" />

<event ype="actend" person="P BA 3" link="1 4 BA" actType="home" />

W R R

1
i
1
1
1
1
i
1
1
i
2
2
2
2
2
2
2
2
2
2
3
3
3,
3
3
3
3
3
3
3
4

<event =="departure” person="F_BA 3" link="1_4_BA" legMods="car" />

<event =="PersonEntersVehicle" person="P_BA 3" vehicls="P BA 3" />
S <event type="left link" link="1 3 BA" vechicle="P BA 1" />
(3 <event e _1_3 BA" weshicle="P BA 1" />

<event type="left link" link="ec 1 3 BA" vehicle="P BA 1" />

<event =="entered link" link="q 1 2 BA" vechicle="F BA 1" />
S <event s="left link" link="g 1 2 BA" vehicle="P BA 1" />
0 <event e="entered link" link="1 2 BA" vehicle="P BA 1" />
41 <event tims="28859. e="vehicle enters traffic" person="P AB 2" link="1 1 AB" vehicle="P_AB 2" networkMode="car" relativePosition="1.0" />
42 <event time="28860.0" typs="actend" psrson="P_AB 4" link="1 1 AB" actType="home" />
43 <event ype="departure” person="P AB 4" link="1 1 AB" lsgMode="car" />
44 <event time="28860 type="PersonEntersVehicle" person="P_AB 4" vehicle="P_AB 4" />
15 <event time="28860. ype="left link" link="1 1 AB" vehicle="P AB 2" />

Figure 8. Example of the event file.
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nl version="1.0" encodin.
JCTYPE population SYSTEM "http://www.matsim.org/files/dtd/population vé.ded">

sulation>

<attributes>
<attribute nams="coordinateReferenceSystem" clas.
</attributes>

‘java.lang.String">Atlantis</attribute>

- -
<person id="P AB 1">
<attributes>
</attributes>
<plan scors="-1568.3103963249353" selec
<activity type="home" link="1 1 AB" >
</activity>
<leg mode="car" dep_time="08:00:00" me="00:01:19">
<attributes>
<attribute name="routingMode" class="java.lang.String">car</attribute>
</attributes>
<route type="links" start_link="1 1 AB" end_link="1 4 AB" trav_time="00:01:19" distance="3000.0" vehicleRefId="P AB 1">1 1 AB q 1 2 AB 1 2 AB c 1 3 AB
</leg3| o T - o - T
<activity type=twork" link="1 4 AB" cnd_time o >
</activity>
</plan>

<plan score="-1568.3103963249353" sslected="no">
"1_1_AB" end

<activity type=vhome" link
</activity>
<leg mode

me="00:02:10">

"car" dep_time="08:00:00" trav_

<attributes>
<attribute name="routingMode" class="java.lang.String">car</attribute>

</attributes>

<route type="links" start_lin} trav_time="00:02:19" distance="3000.0" vehicleRefId="P AB 1">1 1 AB q 1 2 AB 1 2 AB c 1 3 AB
</leg>
<activity type="work" link
</activity>

</plan>

Figure 9. An example of the output plan file.
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3. Adapt MATSim to railway traffic

3.1.  Single-track

Most DTA models including the MATSim platform are originally designed for road traffic. Railway
traffic differs from road traffic. Many railway tracks are single-track, meaning once a train enters a
single-track from one direction, the trains on the opposite direction cannot enter the track until the first
train leaves the track. Such situations rarely happen since the operator and railway administration will
ensure that different trains are scheduled to enter a single-track at different time slots through
timetable planning. However, in a simulation where different timetable profiles will be tested through
iterations, situations where two trains try to enter one single-track at the same time may occur.

This single-track logic needs to be implemented in MATSim. The network simulation engine,
Mobsim, (discussed in section 2.2) needs to be modified so that once a train enters a single-track from
one direction, the network simulation engine notices this change and blocks the access of the link on
the opposite direction so that no trains from the opposite direction can enter the track. Similarly, once
the train leaves a single-track, the network simulation needs to notice the change and reopens the link
on the opposite direction.

The network simulation is event based. This means that once there is an event generated in the
network simulation, this event will be registered in the event list. This makes it possible to modify the
current network at any given time step ¢ when a relevant event is generated. Figure 10 illustrates this
process. At a simulation time step ¢, a series of events are generated, marked as yellow in Figure 10.
Those events may refer to different persons and vehicles and have different event types. One needs to
first identify the event that is relevant to single track. First the event must happen on a single-track
link. Second it must be one of the following event types: link enter event; link leave event, vehicle
enter traffic event, vehicle leave traffic event (see Figure 7). Those event types suggest that there is a
vehicle entering or leaving a link. Once one observes such an event on a single-track (in the example,
it is link x), a network change event is generated and modifies the corresponding link on the opposite
direction, link y, to closed. This is done by modifying the link capacity to 0 so that no vehicles can
enter the link. From the next simulation time #+1, link y will be considered as closed for all trains until
the time step when this vehicle leaves link x, which triggers another network change event to set link y
to open.

Through this process the link statuses are updated each time a vehicle enters or leaves a single-track
link. Therefore, single-track can be simulated in the network simulation.

VTI resultat 2021:5 19



Network simulation

Simulation time: t

Event list

( Time t-1: Person n activity end )

Time t: Person n enter vehicle

Time t: Vehicle m enter link x

link y to closed

Network status

Link x single track: open
Link y single track: open

Figure 10. Modifying the network through the event notification within the network simulation.

To be able to set the opposite link status to closed, one needs to modify the network coding since the
link object in MATSim only has outflow capacity, that is to say, one cannot prevent vehicles from
entering the link but can prevent vehicles from leaving the link once the capacity is set to zero'.
Therefore, a singe track is represented by four links in MATSim as illustrated in Figure 11, noted as
Sfour-links representation. Assuming there is a single-track between node 1 and node 2, two links are
defined for each direction which consists of a short link (marked red) and a long link (marked blue).
Once a train enters the blue link from node 1 to node 2, the capacity of red link on the opposite
direction (node 2 to node 1) will be set to 0, preventing trains leaving the red link, thus no train can
enter the blue link from node 2 to node 1.

Single track

Node 1 . - g - " . Node 2

Figure 11. Link representations of a single-track in MATSim.

When to set the red link capacity to 0 depends on whether there will be incoming trains on the
opposite direction. However, the situation can become more complicated in a busy case where trains
would like to enter the single-track from both directions. This makes it necessary to track the number
of trains on each of the four links at any given time step.

Each of the four links illustrated in Figure 11 will have 2 statuses: there is no train on the link at the
current time step; there is at least one train on the link at the current time step. Therefore, for the four
links, there exists 2* = 16 possible combinations. However, not all scenarios are possible on a single-
track. For instance, it will not be possible that both long links (blue links in Figure 11) have trains at

! In MATSim, there exists different link models. Some link models have both inflow capacity and outflow
capacity. However, this setting is more complicated in practice and the project team choose to use the default
link model with only outflow capacity.
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the current time step since this is a single-track®. Once a train enters the single-track, that is to say a
link-enter event or vehicle-enter traffic event on a red link is registered in the event list, the red link on
the opposite direction needs to be closed or open depending on the link statuses at the given time step.
The same will be applied to the link leave event or vehicle leave traffic event. A detailed explanation
is presented in Table 1. Note that only possible scenarios are illustrated. In Table 1, the train that
triggers the vehicle entering event is marked with a yellow box.

Table 1. All possible scenarios when a vehicle enters a single-track link.

Scenario Link statuses and explanation

Links from Node 1 to Node 2: Link 1 no train, Link 2 no train.

Links from Node 2 to Node 1: Link 3 no train, Link 4 no train.

Vehicle entering event Single track

A
J— i 2. »

Node 1 Link 1-» . Link - > . Node 2
< Link 4 <—Link 3—

Network change event: set the capacity of link 3 to 0.

Explanation: In this situation, there are no trains on the single-track when a train enters the single-track. The
opposite link (link 3) will be set to closed to prevent possible trains entering link 4.

Scenario Link statuses and explanation

Links from Node 1 to Node 2: Link 1 have train(s), Link 2 no train.
Links from Node 2 to Node 1: Link 3 no train, Link 4 no train.

Vehicle entering event Single track

2 H 11 9. .
Node 1 . —tink 1= ) Link ) . Node 2
<t Link 4 <—Llink 3—

Network change event: none.

Explanation: In this situation, a train is going to enter link 1 but at that time step there is already at least one
train on link 1 ready to enter link 2. No network change event will be needed since link 3 is already set to
closed when the first train entered link 1.

2 This situation is possible only when TCR events are modelled together with single-track logic. This will be
discussed more in detail in section 3.2.
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Scenario

Link statuses and explanation

Links from Node 1 to Node 2: Link 1 no train, Link 2 have train(s).
Links from Node 2 to Node 1: Link 3 no train, Link 4 no train.

Vehicle entering event Single track

3
Node 1 . —Link 1+ : Link 2 — . Node 2
< Link 4 <—Link 3—
Network change event: none.
Explanation: In this situation, a train is going to enter link 1 but at that time step there is already at least one
train on link 2. No network change event will be needed as this is the same situation as scenario 2.
Scenario Link statuses and explanation
Links from Node 1 to Node 2: Link 1 no train, Link 2 no train.
Links from Node 2 to Node 1: Link 3 have train(s), Link 4 no train
Vehicle entering event Single track
A
4 Node 1 —tink 1-> ———ink2 — . Node 2
-
Network change event: none.
Explanation: In this situation, a train is going to enter link 1 but at that time step there is already at least one
train on link 3. No network change event will be needed since link 1 is already closed when train(s) on link 3
entered the link 3.
Scenario Link statuses and explanation
Links from Node 1 to Node 2: Link 1 no train, Link 2 no train.
Links from Node 2 to Node 1: Link 3 no train, Link 4 have train(s).
Vehicle entering event Single track
A
5 Node 1 —Link 1-» : Link 2 : > . Node 2
< Link 4 “Link 3—
)
Network change event: none
Explanation: In this situation, a train is going to enter link 1 but at that time step there is already at least one
train on link 4. No network change event will be needed since this is the same situation as scenario 4.
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Scenario Link statuses and explanation
Links from Node 1 to Node 2: Link 1 have train(s), Link 2 have train(s).
Links from Node 2 to Node 1: Link 3 no train, Link 4 no train.
Vebhicle entering event Single track
R R
6 ; Link 2 ,
Node 1 . —Hink 1+ : tink 2 — . Node 2
< Link 4 «—Link 3—
Network change event: none
Explanation: In this situation, a train is going to enter link 1 but at that time step there is already at least one
train on link 1 and link 2. No network change event will be needed since link 3 is already closed when the
first train in link 2 entered link 1.
Scenario Link statuses and explanation
Links from Node 1 to Node 2: Link 1 have train(s), Link 2 no train.
Links from Node 2 to Node 1: Link 3 have train(s), Link 4 no train.
Vehicle entering event Single track
A
; Node 1 . —Link 1 — Link 2 P . Node 2
N
Network change event: none
Explanation: In this situation, a train is going to enter link 1 but at that time step there is already at least one
train on both link 1 and link 3. No network change event will be needed since all necessary network change
events are generated when the first train entered link 1 and link 3.
Scenario Link statuses and explanation
Links from Node 1 to Node 2: Link 1 have train(s), Link 2 no train.
Links from Node 2 to Node 1: Link 3 no train, Link 4 have train(s).
Vehicle entering event Single track
o Node 1 . —Link 1> — Link 2 pupnons . Node 2

)

Network change event: none

Explanation: In this situation, a train is going to enter link 1 but at that time step there is already at least one
train on both link 1 and link 4. No network change event will be needed since link 1 is already closed with
link 4 being occupied.
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Scenario

Link statuses and explanation

Links from Node 1 to Node 2: Link 1 no train, Link 2 no train.
Links from Node 2 to Node 1: Link 3 have train(s), Link 4 have train(s).

Vehicle entering event Single track

o)

o¥e
Node 1 . —Link 1+ - Link 2 - . Node 2
<t Link 4 <—Link 3—

Network change event: none

Explanation: In this situation, a train is going to enter link 1 but at that time step there is already at least one
train on both link 3 and link 4. No network change event will be needed since link 1 is already closed with
link 4 being occupied.

Scenario

Link statuses and explanation

10

Links from Node 1 to Node 2: Link 1 no train, Link 2 have train(s).
Links from Node 2 to Node 1: Link 3 have train(s), Link 4 no train.

Vehicle entering event Single track

=) A

(el )
Node 1 —Link 1 _ Link 2 — . Node 2
< Link 4 <—Link 3—
)

Network change event: set the capacity of link 1 to 0.

Explanation: In this situation, a train is going to enter link 1 but at that time step there is already at least one
train on both link 2 and link 3. The train(s) on link 3 cannot enter link 4 given that link 2 is occupied.
Therefore link 1 is still open for trains entering link 2. The modeller has two choices in such a situation: 1. Do
nothing (no network change event being generated); 2. Close link 1. If the modeller chooses to do nothing,
trains from node 1 to node 2 are free to enter the single-track until all trains from node 1 to node 2 have left
link 2. This could lead to significantly long waiting time for trains waiting on link 3 (imagine the scenario
where there are many trains incoming from node 1 continuously). This is a matter of network operations. For
illustration, the results were obtained by “close link 1”. That means as long as there is a train waiting on the
opposite direction, that train gets prioritized to pass once the singe track is not occupied. When there are
longer queues, this logic acts as waiting trains enter the single track alternately from two directions. The
corresponding logic in the vehicle leave event needs to be aligned with the choice in this scenario, see
scenario 6 in Table 2.

24
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Scenario Link statuses and explanation
Links from Node 1 to Node 2: Link 1 have train(s), Link 2 no train.
Links from Node 2 to Node 1: Link 3 have train(s), Link 4 have train(s).
Vehicle entering event Single track
A
—Link 1 Link 2 =
11 Node 1 . — Link 4 " “link3— . Node 2
" d jo‘oi
Network change event: none
Explanation: In this situation, a train is going to enter link 1 but at that time step there is already at least one
train on link 1, link 3 and link 4. No network change event will be needed since this scenario reflects the same
logic as scenario 10. The train entering link 1 will be queued until link 4 is unoccupied.
Scenario Link statuses and explanation
Links from Node 1 to Node 2: Link 1 have train(s), Link 2 have train(s).
Links from Node 2 to Node 1: Link 3 have train(s), Link 4 no train.
Vehicle entering event Single track
—Link 1> Link 2 =
12 Node 1 — Link 4 . “Link3— . Node 2

A

Network change event: none

Explanation: In this situation, a train is going to enter link 1 but at that time step there is already at least one
train on link 1, link 2 and link 4. No network change event will be needed since this scenario is the same as
scenario 11.

Similarly different network change events will be generated according to the link statuses at the
moment when a vehicle leaves the link (link leave event or vehicle leave traffic event). The detailed
logic is described in Table 2. Note that the train that triggers the link leaving event is marked with a
yellow box.

Table 2. All possible scenarios when a vehicle leaves a single-track link.

Scenario Link statuses and explanations
Links from Node 1 to Node 2: Link 1 no train, Link 2 no train.
Links from Node 2 to Node 1: Link 3 no train, Link 4 no train.
Single track Vehicle leaving event
1

()
Node 1 —Link 1+ _ Link 2 — . Node 2
< Link 4 <—Link 3—

Network change event: set the capacity of link 1 and link 3 to its original value.

Explanation: In this situation, there are no trains on the single-track when the train leaves the single-track
from link 2. Link 3 which is closed (see scenario 1 in Table 1) needs to be set open. However, it is also
necessary to set link 1 to open due to the possible TCR event, see section 3.2. In a scenario where a double
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track is switched to a single-track due to a TCR event, it is possible that there are trains on both link 2 and link
4 of this track at the simulation time step there this switch takes place. We illustrate this special case using the
figures below.

Illustration 1 Double track

Link 1 open ﬁ % m.
Node 1 . —Link 1-»

: ink 2 : > . Node 2
<+ Link 4 <«—Link 3—
m m Link 3 open
Qe CeO)

Switching to single track
Link 1 and 3 are set to closed

— @,

llustration 2 Double track

Link l.closed a ﬁ a
Node 1 . —Link 1-» : Link : > . Node 2
<+ Link 4: +Link 3—
m Link 3 closed
Q

After a few simulation steps,
Last train on link 4 is leaving, link
1 and 3 are still closed

8]

0 ;]

lllustration 3 Newly switched single track

Link 1 closed ﬁ %
Node 1 . —Link 1-» - Link - > . Node 2
< Link 4 <—Link 3—
m Link 3 closed
o¥e'

The last train on link 4
After a few simulation steps,
Last train on link 2 is leaving, link
1 and 3 are still closed

leaving the link
. The last train on link 2 is
lustration 4 Newly switched single track leaving the link

Link 1 closed

Node 1 . ‘—Linkl—b Link 2: > . Node 2

- Link 4 «Link 3—
Link 3 closed

In this case trains exist on both link 2 and link 4 for a newly switched single-track (see illustration 1 above).
To handle this special case, it is necessary to prevent further trains entering the “newly switched” single-track
(since no logic is defined for vehicle entering event when there are trains on both link 2 and link 4, which is
considered not possible in Table 1 and Table 23). This is shown in illustration 2 above. Then the trains on link
2 and 4 will start leaving the link as the simulation goes on. It will then process to a situation that either link 2
or link 4 has no train, for instance, the moment the last train leaves link 4, as shown in illustration 3 above.
After this time step there are only trains on link 2. Note that since link 1 and link 3 are set closed due to the
TCR event, there will be no further trains entering link 2 and link 4, it then will inevitably proceed to the
moment when the last train is going to leave link 2, see illustration 4. And this corresponds to the special case
of this scenario. In that case, one needs to set the capacity of both link 1 and link 3 to its original value to
make sure it will not create deadlock. This situation is further discussed Table 4, scenario 2.

3 This situation can also be defined in the vehicle entering event in Table 1, but it is equivalent to solve this
special case in vehicle leaving event scenarios.

26
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Scenario

Link statuses and explanations

Links from Node 1 to Node 2: Link 1 have train(s), Link 2 no train.
Links from Node 2 to Node 1: Link 3 no train, Link 4 no train.

Single track Vehicle leaving event

—Link 1-» Link 2 >
2 Node 1 . < Link 4 <«—Link 3— . Node 2
Network change event: set capacity of link 3 to 0 while capacity of link 1 to its original value.
Explanation: In this situation, a train is leaving link 2 but at that time step there is already at least one train on
link 1. This scenario suggests that there is a TCR event that sets link 1 to closed which prevents trains
entering link 1, or link 1 is open while there happens to be a train just entering link 1. In both situations, link 1
should be set open to allow the train(s) on link 1 to enter link 2. Correspondingly since it is foreseeable that
link 2 will be occupied soon, it is necessarily to set link 3 to closed.
Scenario Link statuses and explanations
Links from Node 1 to Node 2: Link 1 no train, Link 2 have train(s).
Links from Node 2 to Node 1: Link 3 no train, Link 4 no train.
Single track Vehicle leaving event
3 mh mh
Node 1 . —Link 1-» , Link 2 - > . Node 2
< Link 4 <“—Link 3—
Network change event: none.
Explanation: In this situation, a train is leaving link 2 but at that time step there is still at least one train on link
2. Since the train leaving link 2 is not the last train on the link. No action needs to be taken.
Scenario Link statuses and explanations
Links from Node 1 to Node 2: Link 1 no train, Link 2 no train.
Links from Node 2 to Node 1: Link 3 have train(s), Link 4 no train.
Single track Vehicle leaving event
4 Node 1 . —tink 1- i pupad . Node 2

)

Network change event: set capacity of link 1 to 0 while capacity of link 3 to its original value.

Explanation: In this situation, a train is leaving link 2 but at that time step there are trains waiting on link 3.
Therefore link 3 is set open to allow the train entering link 4. Link 1 needs to be closed as it is foreseeable that
link 4 will be occupied.
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Scenario

Link statuses and explanations

Links from Node 1 to Node 2: Link 1 have train(s), Link 2 have train(s).

Links from Node 2 to Node 1: Link 3 no train, Link 4 no train.

Single track Vehicle leaving event

5
Node 1 . —Link 1+ : Link 2 — . Node 2
< Link 4 4—Link 3—
Network change event: none.
Explanation: In this situation, a train is leaving link 2 but at that time step there are trains on link 1 and link 2.
There is no action needed since the train leaving link 2 is not the last train on link 2.
Scenario Link statuses and explanations
Links from Node 1 to Node 2: Link 1 have train(s), Link 2 no train.
Links from Node 2 to Node 1: Link 3 have train(s), Link 4 no train.
Single track Vehicle leaving event
6 Node 1 . —Link 1 : Link 2 — . Node 2
< Link 4 “—Link 3—
A
Network change event: set capacity of link 1 to 0 while capacity of link 3 to its original value.
Explanation: In this situation, a train is leaving link 2 but at that time step there are trains waiting both on link
1 and link 3. This scenario corresponds to scenario 10 in Table 1. Therefore, link 3 is set to open.
Scenario Link statuses and explanations
Links from Node 1 to Node 2: Link 1 no train, Link 2 have train(s).
Links from Node 2 to Node 1: Link 3 have train(s), Link 4 no train.
Single track Vehicle leaving event
7

Node 1 —Link 1-» - Link 2 — . Node 2
< Link 4 «—Link 3—
A

Network change event: none.

Explanation: In this situation, a train is leaving link 2 but at that time step there are trains waiting on link 3
and trains on link 2. Since the train leaving link 2 is not the last train on link 2, no actions need to be taken.

28
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Scenario Link statuses and explanations

Links from Node 1 to Node 2: Link 1 have train(s), Link 2 have train(s).
Links from Node 2 to Node 1: Link 3 have train(s), Link 4 no train.

Single track Vehicle leaving event

! R o)

ore el )
—Link 1-» Link 2 ' g
8 Node 1 . Link 4 <«Link 3— . Node 2
A

Network change event: none.

Explanation: In this situation, a train is leaving link 2 but at that time step there are trains waiting on link 1
and link 3 while there are trains on link 2. Similar as the scenario 7, since the train leaving link 2 is not the last
train on link 2, no actions need to be taken.

Within a network, it is common that two single-tracks are inter-connected. When there are several
trains coming from both directions, deadlock may be created. Figure 12 presents such a case and the
proposed solution. In a scenario where there are several trains meeting at node 2, the red link from
node 2 to node 1 and the red link from node 2 to node 3 are closed due to the fact that there are trains
on the opposite direction. After the first few trains enter the red link, the follow-up trains are queued
back on the upstream link which is the blue link, leading to the situation that no trains can leave the
red links and a deadlock is created. In reality, such deadlock rarely happens thanks to the timetable
planning, but in case of a disruption when the timetable is distorted such deadlock may happen. The
solution for this in reality could be to temporally park the trains from one direction at a depot near
node 2 and then let the trains on the other direction pass. In MATSim, the node connecting two single-
tracks is modelled as a short link with very large capacity, which is illustrated as purple links in Figure
12. Those purple links can be considered as a depot that can allow nearly infinitive trains to park on.
This setting guarantees that the trains can always leave the blue links and thus frees the single-track
links.

Two single tracks ,
1

Node 1 . > . - - . Node 3
i
Eﬁ Node 2 ﬁ

Two single tracks

Node 1 . > . .‘ > > . Node 3

Figure 12. Two single-tracks creating deadlock and the proposed solution in MATSim.

3.2. TCR events

The TCR events refer to the track works that will temporally change the accessibility of a track. For
instance, replacing certain infrastructures on a double track can turn a double track into a single-track
for the track work period and then the single-track turns back into the double track after the track
work. In this project, it is the change of link accessibility that is of interest but not the underlying track
work. This change is handled through the network change event as well. Hereafter the TCR events are
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referred to the change of link accessibility, e.g. double track to single-track but not the type of
maintenance work.

Given the type of a TCR event, one needs to generate one or several network change events. Such a
mapping from TCR event to network change event(s) may depend on the link status (whether there are
trains on the link at the given time step). One example is a switch from a double track to a single-track.
Since the timing of such switch is decided by the planners, it is possible that when such switch takes
place on a link, there are meeting trains on that link. To prevent further trains entering the track, both
directions need to be set as closed. However, if there are trains on only one direction of that link, only
the opposite direction needs to be set as closed since trains from the current direction can still enter the
single-track as there is no train on the opposite direction.

In general, the procedure is illustrated in Figure 13. At simulation time step 0 (before the simulation
starts), TCR events are grouped by their timing. Then at a simulation time &, the network simulation
will process all the generated events at that time step and update the link status. The link status
together with TCR events at time step £ will then be used to generate a set of network change events
caused by the TCR events. A TCR event will always change its link type: {double track, single-track,
closed}. Only when a link with its type as single-track, the single-track logic discussed in Section 3.1
will be applied. In the example below, due to the TCR event, the link type of x and y is switched from
double track to single-track. From the next time step, the single-track logic will be applied on those
links. Then according to the single-track logic discussed in section, network change events related to
single-track will be generated depending on the link type. TCR related network change events and
single-track related network change events then will be applied to the network.

Network simulation

Simulation time: 0 Simulation time: k

Assign TCR events to time steps TCR events at k Event list
i TCl

|"{Time k-1: Person n activity end |
Time k: TCR event on link y N/
Time k: TCR event on link x Time k: Person n leave vehicle
Link status at k

Time k: TCR event on link y o Time k: Vehicle m leave link x
Link x: have train(s)
Time k: Person p enter vehicle NetworkChangeEvent

Link y: no train
link y to open

.. Network change events from TCR events [N —

Link x double track: open G_inktvpe of x/y changed to singla Link x single track: open
Link y double track: open ( Network change on linkx ) Link y single track: closed

Figure 13. Handling TCR events in Mobsim.

Currently, the following TCR events can be handled in the MATSim simulation. Each, depending on
the link status, can result in different network change events. Not all the mappings from TCR events to
network change events will depend on the link status. Only “double track to single-track” and “closed
to single-track” do. The mapping is described below:

e TCR events: Double track to closed

Corresponding network change events: 1. change link type to closed. 2. The capacities of the
red links on both directions are set to 0.

e TCR events: Single-track to closed

Corresponding network change events: 1. change link type to closed. 2. the capacities of the
red links on both directions are set to 0.
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e TCR events: Single-track to double track

Corresponding network change events: 1. change link type to double. 2. the capacities of the
red links on both directions are set to its original value.

e TCR events: Closed to double track

Corresponding network change events: 1. change link type to double. 2. the capacities of the
red links on both directions are set to its original value.

e TCR events: Closed to single-track
Corresponding network change events: depending on the link status, see Table 3.
e TCR events: Double track to single-track

Corresponding network change events: depending on the link status, see Table 4.Trains that
are already on a track at the moment when the track is switched to closed or single-track are
allowed to leave the track. Such trains may be asked to wait on the upstream track since one
knows they will not be able to leave the track when the switching takes place. This is,
however, not implemented in the network simulation. The reason is that it requires a
prediction of the timing when the train leaves the track. Once it is known one can add a buffer
time so that trains that will not be able to leave the track at the time when the TCR event starts
are allowed to enter the track. However, such prediction is not easy to obtain during the
simulation run. One can only know the earliest time when the train is going to leave the track
(the lower bound), which can be calculated through the free flow travel time. However, the
train may be blocked due to headway to front trains and thus the actual time leaving the track
may be much later than the earliest time from free flow travel time.

Table 3. Generating network change events from TCR event: Closed to single-track

Scenario Closed to single-track

Closed track to single track

A
Node 1 —Link 1+ - Link 2 — . Node 2
+ Link 4- <—Link 3—

Scenario description: There are trains waiting on one direction, either link 1 or link 3. Note that the track is
closed, thus there is no train on link 2 and link 4.

Network change event: 1. Change the link type to single. 2. Set the capacity of the red link of the current
direction to its original value. For instance, if there are trains waiting on link 1, then the capacity of link 1 is
set to its original value.

Explanation: There are train(s) waiting on one direction of a closed track, possibly due to track maintenance
work. Once the track is switched to single, one needs to allow the train waiting to enter the track.
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Scenario Closed to single-track

Closed track to single track

o)
Node 1 . —Link 1 - Link 2 - + . Node 2
< Link 4- <—Link 3—
)

2
Scenario description: There are trains waiting on both directions. Note that the track is closed, thus there is no
train on link 2 and link 4.
Network change event: 1. Change the link type to single. 2. Set the capacity of the red link of one direction to
its original value. For convenience, we choose link 14,
Explanation: There are train(s) waiting both directions of a closed track. Once the track is switched to single,
one needs to allow train(s) on one direction to enter.
Scenario Closed to single-track
Closed track to single track
Node 1 . —Link 1> : Link 2 — . Node 2
< Link 4 “—Link 3—
3 Scenario description: There are no trains on the four links. Note that the track is closed, thus there is no train

on link 2 and link 4.

Network change event: 1. Change the link type to single. 2. Set the capacity of both red links, link 1 and link
3, to its original value.

Explanation: There are no trains waiting both directions of a closed track. Once the track is switched to single,
both directions need to be opened and the single-track logic will apply when the first train enters the track.

4 The logic can be improved so that the train that first entered the red link (either link 1 or link 3) is allowed to
enter the blue link. This is more consistent to the first come first serve principle.
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Table 4. Generating network change events from TCR event: Double track to single-track

Scenario

Double track to single-track

Double track to single track

(&) >\

Node 1 —Link 1+ . Link — . Node 2
< Link 4 “4—Link 3—

‘ (AR

Scenario description: There are trains on one direction (either link 2 or link 4). The statuses of link 1 and link
3 do not matter. They can either have trains or have no train.

Network change event: 1. Change the link type to single. 2. Set the capacity of the red link of the opposite
direction to 0. For instance, if there are trains on link 2, then the capacity of red link of the opposite direction
(link 3) is set to 0.

Explanation: In this scenario, the double track is switched to single while there are trains on one direction of
the link. Using the example figure above, from the next time step, no trains should be allowed to enter link 4
because there are train(s) on link 2. Therefore link 3 should be set to closed, while trains coming from the
direction of node 1 can still enter the single-track.

Scenario

Double track to single-track

Double track to single track
(FR) o)
Node 1 —Link 1= : Link 2 : . Node 2
Link 4- «—Llink 3—

‘ e (48

Scenario description: There are trains on both directions (link 2 and link 4). The statuses of link 1 and link 3
do not matter. They can either have trains or have no train.

Network change event: 1. Change the link type to single. 2. Set the capacity of both red links (link 1 and link
3)to 0.

Explanation: In this scenario, the double track is switched to single while there are trains on both directions of
the link. From the next time step, no trains should be allowed to enter both directions until there are no trains
on link 2 and link 4, see scenario 1 in Table 2. Therefore, both link 1 and link 3 should be set as closed.
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Scenario

Double track to single-track

Double track to single track

A
Node 1 . —Link 1 - Link 2 - . Node 2
<4 Link 4 <—Link 3—

Scenario description: There are trains on either link 1 or link 3, but there are no trains on link 2 and link 4.

Network change event: 1. Change the link type to single. 2. Set the capacity of the red link of the opposite
direction to 0. In the figure above, there is a train entering link 1, then the capacity of red link on the opposite
direction, link 3, is set to 0.

Explanation: In this scenario, the double track is switched to single while there are trains just entering the
track from one direction. Note that the train already enters thus at the time step when the train entered link 1,
this track is still double track and therefore the single-track logic was not applied to this track. From the next
time step, the track becomes single-track thus trains from node 2 to node 1 should not be allowed to enter the
track given that there is already a train on the track on the direction from node 1 to node 2 (the train on link

1.

Scenario

Double track to single-track

Double track to single track

>
Node 1 . —Link 1+ - Link 2 — . Node 2
<+ Link 4- @—Link 3—
M~

Scenario description: There are trains on both link 1 and link 3, but there are no trains on link 2 and link 4.

Network change event: 1. Change the link type to single. 2. Set the capacity of the red link of link 3 to 0.

Explanation: In this scenario, the double track is switched to single while there are trains just entering the
track from both directions. Similar as scenario 3, the single-track logic was not applied to this track. From the
next time step, the track becomes single-track thus only one train should be allowed to enter the track. For
convenience, the train(s) on link 1 is allowed to enter while leaving the train(s) on link 3 to wait>.

3.3.

Train types

Different train types can be defined in the simulation in the vehicle type file. An example is shown in
Figure 14. In this example, two types of trains, fast trains and slow trains, are defined with their
specific attributes. The vehicle Ids are then tied to the vehicle type. It is important to note that one
needs to set "usePersonldForMissingVehicleld = true” in the config file so the simulation “knows”
that the vehicle IDs specified in the vehicle type file will be corresponding to the person IDs specified
in the plan file. As this is the standard functionality in MATSim, no further modification is needed.

5 The logic can be improved so that the train that first entered the red link (either link 1 or link 3) is allowed to
enter the blue link. This is more consistent to the first come first serve principle.
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<%?xml version="1.0" encoding="UTF-8"2%>

<vehicleDefinitions xmlns="http://www.matsim.org/files/dtd"
E <vehicleType id="ecar">

<length meter="7.5"/>

<width meter="1.0"/>

<maximumVelocity meterPerSscond="25"/>

<passengerCarEquivalents pce="1"/>
L </vehicleType>
= “vehicleType id="fastTrain">
<length meter="50"/>
<width meter="1.0"/>
<maximumVelocity meterPerSecond="25"/>

<passengerCarEquivalents pce="1.0"/>
F </vehicleType>
= <yehicleType id="slowTrain">
<length me "50" />
<width meter="1.0"/>
<maximumVelocity meterPerSecond="10"/>

“passengerCarEquivalents pce="1"/>
F </vehicleType>

"fastTrain"/>
"slowTrain" />
'fastTrain"/>
'slowTrain" />
"fastTrain" />
"slowTrain" />
="fastTrain"/>
'slowTrain" />
'fastTrain" />

"slowTrain" />

<vehicle id="P AB 1" t
<vehicle id="P AB 2" tj
<vehicle id="P AB 3"
”P_RB_4”
<vehicle id="P AB 5"
<vehicle id="P BA 1"
<vehicle id="P BA 2"
<vehicle id="P BA 3"
<vehicle id="P_BA 4"
<vehicle id="P BA 5"
—</vehicleDefinitiDns>r

<yehicle id

Figure 14. An example of setting vehicle type in the MATSim simulation.

3.4. Scoring function

As discussed in section 2.1, a classic DTA model aims at finding the dynamic user equilibrium (DUE).
In DUE, the scoring function for each traveller is his/her travel time. We assume that a train aims to
find a route with least generalised cost. However, it is not necessary to use only travel time as the
generalised cost. In this project, the scoring function is defined as a linear function of travel time and
travel distance as shown in Equation 1.

GC = —0.84 X TravelTime(hour) — 1.85 X Distance(km)

Equation 1: Scoring function which calculates the generalized cost from each trains travel time and
distance

The coefficients of travel time and distance are taken from the Swedish National Passenger transport
model SAMPERS (Swedish Transportation Administration, 2020). Further calibration is out of scope
of this report.

3.5.  Overall workflow

Combining all the elements discussed above, the MATSim simulation can be adapted to simulate
railway traffic. The necessary input files include:

e A vehicle type file that specifies all possible train types.
e An initial plan file with each train’s origin and destination, departure time and train type.

e A network file where all single-tracks and possible single-tracks (the double track or closed
tracks in the beginning of the simulation but may be switched to single-track due to TCR
events) are coded using the four-link representation discussed in Section 3.1.

VTI resultat 2021:5 35



e A TCR event file that specifies when and at which track a TCR event will take place as well as
its duration. Note that the TCR event file can be the connection to the optimization of TCR
scheduling, which makes it possible to have MATSim interact with the optimization routine.

e A config file that specifies all necessary parameters.

The adaption of network simulation is achieved through the default MATSim binding approach. The
modeller only needs to write one class, in this report we refer it to “SingleTrackListener.class” in Java.
The class diagram is shown in Figure 15. The figure explains all instance variables and interfaces
SingleTrackListener.class implements as well as the use of these instance variables/methods. Only one
instance of this class will be needed for the whole simulation (thus defined as singleton). This class
implements several interfaces to ensure that it will be called during different simulation time steps.
This class has the instance variable linkStatusTracker to track if the given link is single-track at a
given time step, and trainCounter to track presence of train(s). The class implements
beforeMobsimListener to track the current iteration number. It also implements
MobsinlInitializedListener which notifies before the next iteration starts. It is used to reset network
change events generated from last iteration. The class also implements BasicEventHandler, thus once a
train enters or leaves a single-track link (correspondingly the link enter- or leave-event(s) is registered)
the handleEvent method processes the event and creates/stores relevant network change events as well
as updates the train tracker. The class finally implements MobsimBeforeSimStepListener. The
network change events at a given time step then will be inserted into the network simulation engine.
The link status is updated as well since TCR event(s) may indicate that some link(s) is switched at the
given time step. This completes the adaptation of MATSim simulation loop. The java implementation
is stored online via: https://github.com/CLIVTI/SATT. The entry point (script) can be found under the
following path: SATT \src\main\java\unitTest in the website.

<<Interface>>

BeforeMobsimListener

I Dependency
| Methods
| + notifyBeforeMobsim(): get the current
| iteration number
|
i
! <<Interface>>
SingleTrackListener 3 MobsimInitializedListener
I
Instance variables ===~ Dependency- - -~ Methods
-currentlteration: The current iteration | + MobsiminitializedListener(): reset all
| :
number. ) | instance variables before the next
-networkChangeEventQueue: container | e —
of all generated networkChangeEvents |
-TCREvents: networkChangeEvents |
required for TCRevents | _____ I <<Interface>>
-linkStatusTracker: tracker of current link } MobsimBeforeSimStepListener
status: double, single or closed. }
—tra|_nCt|)ur;ter;<t|(aikertof nu mbertqf trains i Methods
otn single-lrack links at any given time b===-- Dependency --- = + notifyMobsimBeforeSimStep(): before
Step. 1 the next simulation step, add all
Methods ! networkChangeEvents at this time step in
+ getter methods () I networkChangeEventQueue into the
+ constructor (): initilize all instance | simulation engine. Update
variables; read in TCR events from file. | linkStatusTracker.
I
I
I I
| ! <<Interface>>
[} I
; BasicEventHandler
<<Enumeration>> !
LinkStatus i Methods
- ———-Dependency ----== + handleEvent(): generate relavant
+doubleTrack networkChangeEvent(s) once a train
+SingleTrack enters or leaves a single-track link and
+Closed insert them into

networkChangeEventQueue. Also update
trainCounter.

Figure 15. Class diagram of SingleTrackListener.

36 VTI resultat 2021:5


https://github.com/CLIVTI/SATT

The full simulation workflow is depicted in Figure 16. The simulation loop starts from an initial plan.
The adapted network simulation simulates the initial plan where railway specific features are included
at each simulation time step. The resulting plans are then evaluated using the generalized cost function
shown in Equation 1. The replanning process then makes adjustment to the executed plan. The new
plan is simulated again in the adapted network simulation. The output files are described in section 0.

Simulation time: 0

Assign TCR events to
time steps

Time k: TCR event on link x
Time k: TCR event on link y

Network status

Link x double track: open
Link y double track: open

Network simulation: iteration x

Simulation time: k

TCR events at k 2 I

Time k: TCR event on link x
Time k: TCR event on link y

Link status at k

( Time k-1: Person n activity end

Time k: Person n leave vehicle
Time k: Vehicle m leave link x
update

Time k: Person p enter vehicle

Network status

Link x: have train(s)
Link y: no train
NetworkChangeEvent
Single track logic

NetworkChangeEvents due to TCR

(Linktvpe of x/y changed to single)
( Network change on link x )

Link x single track: open
Link y single track: closed

Scoring: iteration x
Plan list

Plan for person n

Travel time
Travel distance
Score

Plan for person m

Travel time
Travel distance
Score

Figure 16. Full simulation workflow.
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Travel time
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4. Test of functionalities on small network

The method discussed in section 2 and section 3 is tested through a toy network. The first test aims at
verifying if the network simulation can correctly simulate railway traffic. The second test aims at
illustrating the rerouting capability using MATSim loop with adapted network simulation. The
detailed test case setup and results are presented below.

4.1. Test of Single-track and TCR logic

4.1.1. Scenario description

The test network is illustrated in Figure 17. The test network consists of one single-track (marked in
yellow) and one double track (marked in green). Both tracks are coded using the four-links
representation shown in Section 3.1. The length of each single-track is 1 km. The free speed of link is
25 m/s. The capacity of both tracks is set to 60 trains/hour, which means two consecutive trains leave
the link with a headway of at least one minute. On the left side of the single-track and on the right side
of the double track, two links are added just as the origin and destination links. The initial plan
consists of 10 trains where 5 go from left to right and 5 the other direction. The departure time of the
first train is set to 0 and then following trains have 1 min departure time interval. Then the trains enter
the network alternately from two directions. A TCR event is included in the simulation that turns the
double track link into single-track link from the time step 120 sec to the time step 300 sec. Since there
is no alternative route for this network, no scoring and replanning are needed. Therefore, only one
iteration is performed using the adapted.

Figure 17. The network for test case 1.
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4.1.2. Results

The results are presented in a timetable form shown in Figure 18. The y-axis from

“l 2. AB fromNode” to “I 3 AB_toNode” denotes the direction of left to right. Segment between
two nodes “I 2 AB toNode” and “I 3 AB_fromNode” denotes the connection links between the
single-track link and the double track link. The segment between “I 2 AB fromNode” and

“I 2 AB_toNode” is the single-track while the segment between “I 3 AB fromNode” and
“I_3_AB_toNode” is the double track. The time window between the two red vertical lines in the
figure denotes the time window when the double track turns into a single-track due to TCR event. The
marked train IDs are named such that “AB” denotes the direction from left to right and “BA”
otherwise. “ 17 means that this is the first train from the given direction. Therefore, a train ID
“P_BA_3” means that this is the third train from right to left direction.

The timetable shows that the adapted network simulation can simulate the single-track and TCR event
in a realistic way. Before the double track turns into a single-track (before 120 sec), train “P_AB 1”
and train “P_BA_1” meet at the time step 48 sec. After the double track turns into a single-track, no
meeting trains can be observed until the track turns into a double track again after the time step 300
sec. For the single-track, no meeting trains are observed for the full simulation period.

One can also observe the first come first serve principle. For instance, when train “P_AB_3” enters the
single-track at the time step 175 sec, train “P_BA_3” is waiting on the opposite direction (at node

“I 2 AB_toNode”). Train “P_AB_4” is then the next waiting to enter the single-track and enters the
link after train “P_BA_3” leaves the single-track.

train time table

I_3_AB_toMade [ ) l'l

I_3_AB_tiamNede | ..: EA

I_2_AB_teMede |

I_2_AB_fiomNede I

Figure 18. Timetable of test case 1.

VTI resultat 2021:5 39



4.2. Test of rerouting.

4.2.1. Scenario description

This test scenario extends the first case by introducing an alternative route which makes rerouting
possible. The network is presented in Figure 19. The first route is represented by two single-tracks,
marked in yellow and green in Figure 19. A triangle alternative route is introduced which consists of 2
double tracks. The total travel distance is 1.5 times the distance of the two single-tracks’ route.
Similar as the first test case, the initial plan consists of 10 trains where 5 go from left to right and 5 the
other direction. The trains enter the network alternately from two directions. The link capacity is also
set to 60 trains/hour for all links. A TCR event is introduced that turns the green link from single-track
to closed during the simulation time step 30 sec to 180 sec. Other than that, two train types are
introduced, a faster train with free speed 25 m/s and a slow train with free speed 10 m/s. Trains with
ID“P_AB 17,“P_AB _3”,“P_AB_5",“P_BA 2” and “P_BA_4” are assigned as fast trains. Trains
with ID “P_AB_2”,“P_AB 47, “P_BA 17,“P_BA 3”and “P_BA_5” are assigned as slow trains, see
Figure 20 for train IDs. The trains with Id containing “AB” are running from left to right while the
ones with Id containing “BA” are running from right to left. In total, 30 iterations are simulated.

Figure 19. The network for test case 2.

4.2.2. Results

The run time of all 100 iterations is around 100 seconds. In general, each iteration takes around 1
second per iteration. The simulation is performed on a regular desktop with a 2.40 GHz Intel(R)
Core(TM) 15-6200U CPU and 8 GB memory.

In the first iteration, all trains take the short route (two single-tracks’ route). The timetable is presented
in Figure 20. The red vertical column highlights the time window where the green link (the segment
between “I 3 AB fromNode” and “I 3 AB toNode” in Figure 20) is closed due to the TCR event.
One can find that during the TCR event period, no trains are allowed to enter the link except the train
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that is already on the link before the TCR event takes place. The timetable also illustrates that the
coded single-track logic works fine even with a busy train schedule. Trains have to wait for a long
time, mostly longer than 3 min, compared to their free speed travel time (80 sec to pass the two single-
tracks’ route).

train time table

1_I_AB_tsMade I

1_3_AB_fiemHade

1_2_AB_teMade -
|
| !

I_Z_AR_femMods |

= 1 =0 100 IS0 200 Z=0 M) IO 4 45 500 S50 600 65 00

tinmne

Figure 20. Timetable of test case 2, iteration 1.

Figure 21 presents the evolution of scores during the iteration. One can see that MATSim simulation
tries different plans according to the score function defined in Equation 1. The figure suggests that
MATSim simulation tests different routes in different iterations and thus results in the fluctuation of
generalized cost (as one can interpret it as simulation noise). However, after 10 iterations, the tested
plans are on average having higher scores (lower generalized cost) than the initial plan. Note that
MATSim does not guarantee the system optimalbut rather it finds an approximate solution.
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Score Statistics
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Figure 21. The score stats of test case 2.

Figure 22 presents the timetable of iteration 100. Since some trains take the alternative triangle route.
The timetables on both routes are presented. In this iteration, only two trains are taking the original
(shorter) route. There is no train being impacted by the TCR event (single track to closed). The
timetable compared to the one of iteration 1 shows a significant reduction of time loss caused by the
TCR event. One also finds that trains with different speed are simulated correctly. In the triangle
alternative route, a fast train “P_BA_2”, however, is forced to run at a slow speed to keep the headway
from the leading slow train “P_BA 17, The results in general illustrate the capability of adapted
MATSim to simulate railway traffic.
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train time table

|_3_AB_taNode

I_3_AB_framNaode

I_2_AB_toNode

I_2_AB_framNode

0 20 40 60 80 100 120 140 160 180 200 220 240 250 280 300 320 340 360 380 400 420
time /second
—P_AB_2 —P_AB 4
a) Timetable of the single-track route.
train time table

|_G_AB_toNode

|_G_AB_fromNode
I_5_AB_toNode

I_5_AB_fromNode

0 50 100 150 200 250 300 350 400 450 500 550 600
time /second

—P_AB_1 —P_AB 2 —P_AB S PEBA1—PBAZ2Z PBAZ PBA4—PBAS

b) Timetable of alternative triangle route.

Figure 22. Timetable of both routes, iteration 21.
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5. Summary and future work

In this report, we present how MATSim as a DTA tool can be used to simulate railway traffic.
MATSim compared to the optimization method for planning railway traffic flow has the advantage of
shorter run time and being able to handle large scale network and O-D relations. However, MATSim
does not guarantee to find the exact optimal solution but rather the approximate optimal. The benefit
of using MATSim compared to the existing railway traffic simulators is that it does not require a
timetable with predefined departure times and routes, but is able to, through iterative simulation, find a
suitable timetable that minimizes a predefined scoring function, e.g. minimal travel time.

The adapted MATSim simulator can handle: 1. railway traffic behaviour on single-track; 2. TCR event
which switches the track among different status (double, single, closed); 3. Different train types with
desired free speed. These features are implemented in MATSim in a flexible and extendable manner.

The adapted MATSim simulator is tested on two small test scenarios on a toy network. The first
scenario illustrates that the proposed simulator can realistically simulate railway traffic even with a
busy train schedule on a single-track. The second scenario illustrates the ability of proposed simulator
to find alternative timetable that has lower generalised cost.

The future research should first focus on refining the single-track logic and handling of TCR event so
that trains that will not be able to leave a closed track/single-track will not be allowed to enter the track
when a double track turns into a closed/single-track. The link leaving event logic can be improved by
allowing trains that first arrives at the queue to leave first. The next step is the test of the proposed
methodology on a real-world large-scale network, given the capability of MATSim simulator.
Moreover, a more realistic scoring function needs to be defined. Currently the scoring function
considers only travel time and travel distance while the corresponding weights are taken from the
passenger transport model, Sampers. The proposed methodology involves a specific way of coding the
single-track (the four-links representation), which means a conversion from existing data format of
network to the MATSim simulation ready network needs to be developed. These issues will be
addressed in further research proposals/projects.
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