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Executive Summary
Deliverable D 3.3 “Requirements for a decision support tool” has been produced within the
framework of the Shift2Rail IP5 project Fr8Rail II WP 3. The main purpose of this deliverable, has
been to outline a definition for a demonstrator concept in order to solve deficiencies in timetable
planning and to improve interaction between yards/terminals and the rail network, presented in
chapter 2, and to develop further functionalities of the demonstrator and to specify planning
functionalities that the demonstrator should consider, presented in chapter 3.
Chapter 2 outlines a demonstrator for railway timetable planning and analysis that is being
developed. It consists of two parts, a simulation module and an intelligent planning module. The
simulation module is aimed at analysis of the railway traffic when it deviates from its normal, like
contingency planning and performance analyses in case of maintenance work or operational
constraints from railway undertakings (RU) or yards. The kernel of the simulation module is the
PROTON model, constructed in previous Shift2Rail-projects. The intelligent planning module
includes a data handling and visualization component (called M2) and a timetable modification
component, denoted TIMO. TIMO is aimed at minor, short-term modifications of a timetable. In
such cases it is important that any modifications are made in a controlled manner, adjusting only
a few train schedules. The late stage changes that are handled can be e.g. adding a train to the
timetable, modifying the departure or arrival time, or changes in the performance of the train.
Chapter 3 evaluates the main planning functionalities that the demonstrator should consider. The
Swedish PROTON provides the possibility to model some aspects when it comes to typical
restrictions from maintenance work and/or other infrastructure related disruptions or
interruptions. This functionality is investigated by simulating a set of example cases. Regarding the
simulation module it is concluded that it, in addition to the normal stochastic simulation
functionality, can be used to also introduce restrictions and/or disruptions typically associated
with maintenance work or infrastructure errors. PROTON needs a timetable as input and is not, at
this stage, intended for scenarios where trains must be fully or partly cancelled, or redirected to
other lines in the network. This type of replanning must be done with some other tool.
Moreover, a timetable modification module, called TIMO, has been developed. TIMO uses a
conflict regulated timetable from M2 as input, and modifies the timetable in a desired way. TIMO
can either change the departure and/or arrival time of one or more trains, change a train’s vehicle
characteristics related to runtimes or add a completely new train. Each choice resembles a need
for a timetable change that occurs close to operation. No matter the modification type, some train
paths inside a (from M2 defined) time frame, and belonging to a set of operators, are moved to
facilitate the timetable modification. Each train is reinserted into the timetable, resulting in a new
timetable that is returned to M2 for visualisation.
The evaluation of the demonstrator and the considered planning functionalities will be concluded
in upcoming deliverable from Fr8Rail II WP3, D3.4 and further elaborated in the framework of
Fr8Rail III WP2 “Real Time Network Management”.
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1 Background
The present document constitutes the Deliverable D 3.3 “Requirements for a decision support
tool” in the framework of the Shift2Rail IP5 project Fr8Rail II WP 3, corresponding to tasks T3.1.2,
T3.1.3 and T3.1.4, described below. The main purpose of these tasks is to outline a definition for
a demonstrator concept in order to solve deficiencies in timetable planning and to improve
interaction between yards/terminals and the rail network, to develop further functionalities of the
demonstrator and to specify planning functionalities that the demonstrator should consider. Other
deliverables produced in this work package are Deliverable D3.1 “Analysis of the gap between daily
timetable and operational traffic” finalized in November 2019 and Deliverable D 3.2 “Description
of decision support tool aimed at advanced Real Time Network Management and requirements
for a demonstrator” finalized in August 2020.

1.1 Scope and Objectives
The main objectives of FR8Rail II WP3 are to:
 Propose concepts and methods that improve the annual and short-term timetable
planning, aiming at reducing the discrepancy between the planning perspective a nd the
operational perspective.
 Demonstrate how the proposed timetable planning concepts improve the prerequisites for
real time network management. A demonstrator on improved short-term planning and
daily planning with improved interaction IM – RU including network and yard/terminals
should be developed.
 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
network, and between IM and RUs. Requirements for a real time network management
demonstrator should be specified.

1.2 Task Descriptions
This deliverable aims at fulfilling the tasks T3.1.2, T3.1.3 and T3.1.4. The descriptions from the
Grant Agreement for these tasks are stated below.

Task 3.1.2 – Definition of a demonstrator concept and a first prototype
The goal is to define a research prototype platform with following aspects:
• Timetable planning (long-term, short-term, ad-hoc) and operational feasibility
• Limited set of operational constraints communicated between RU, IM, YM and MC.
• Calculated relevant KPI
• Input and output in standardized formats (RailML)
GA 826206
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•
•
•
•
•
•

Source for timetable and (relevant) infrastructure data
Modular based with plug-in possibilities for add-on functionality
Graphical representation of timetables
Open-source
Fits to “integration layer”, specified in Shift2Rail
The specification of the demonstrator is written and a first prototype is developed. Test
scenarios for verification in Task 3.1.6 are defined.

Task 3.1.3 – Specification and development of the demonstrator
functionality
Description of the deficiencies in timetable planning and interaction between yards/terminals,
network and RUs that will be solved by WP3 demonstrator. Interactions will be considered on
various planning horizons in the planning process and it is of certain interest to study what latter
changes to take into account at various planning stages. The demonstrator will be based on a
modular architecture with a graphical user interface (developed in this task) and where planning
functionality is developed in Task 3.1.4.

Task 3.1.4 – Specification and development of planning functionality
Design, development and test planning functionality to be integrated (in Task 3.1.5) as modules
via the user interface developed in Task 3.1.3. In particular, the following functionality will be
considered:
 Recovery-robust contingency planning for freight timetables handling major disturbances
and deviations resulting from maintenance work.
 Analysis of freight timetable performance for days with minor disturbances and deviations
resulting from maintenance work.
 Limited management of operational constraints from yards/terminals (yard resource
feasibility and availability)
 Limited management of operational constraints from RUs (rolling stock feasibility and
availability

1.3 Outline of Deliverable D3.3
The outline of the deliverable corresponds to the tasks that are covered. Chapter 2 presents a
definition of a demonstrator concept and a first prototype (task 3.1.2) as well as the specification
and development of the demonstrator functionalities (task 3.1.3). Chapter 3 covers the
specification and development of planning functionalities of the demonstrator (task 3.1.5).
Chapter 4 presents the main conclusions drawn from the research carried out in the framework of
this deliverable.
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2 Demonstrator concept for improved timetable planning
One of the activities in FR8RAIL II WP3 is to define and develop a demonstrator for timetable
planning. The progress of the demonstrator was reported in Milestone MS6 Demonstrator concept
and first prototype for improved timetable planning of the FR8RAIL II project. This chapter
constitutes an update of that milestone.
At current date, there exists a prototype of the demonstrator. The demonstrator builds upon work
in previous Shift2Rail projects and is extended in FR8RAIL II, as described in this chapter. Further,
the chapter describes scope and objective of the demonstrator, its components and how the
components are linked to each other. The usage of the demonstrator is described via high level
use cases and test scenarios. Finally, some IT-security aspects are commented.

2.1 Demonstrators in previous Shift2Rail projects
In this section we summarize some demonstrator work that has been performed in other
related Shift2Rail projects. The demonstrator described in this document will to great extent build
upon the demonstrators from other projects.

ARCC
The ARCC project ran between 2016 and 2019 and was focussed on (WP1) transporting and
delivering freight transport via automated trains, (WP2) developing automated support processes
that are carried out at the system’s nodes and (WP3) improving yard and railway network
management through advanced timetable planning. In WP2, yard-line interaction was
investigated, and a specification for a real-time yard management tool was developed (ARCC,
2017, 2018a, 2018c, 2019). In WP3, the state of the art and research gap for advanced timetable
planning was investigated and initial development of a single train insertion algorithm was carried
out (ARCC, 2018b). This algorithm was further developed in FR8HUB WP3 (Fr8Hub, 2019).
While the main focus of the ARCC project was yard-line interaction and the main focus of FR8RAIL
II is line planning, both projects consider planning platforms for connecting more than one
planning module (and in ARCC – more than one planning process). Further, the methods
developed in FR8RAIL II are important for the overall future scenario envisioned in ARCC where
the line manager should be able to quickly replan a train path to better cope with disturbances
and deviations. In addition, the yard-line cooperative planning platform ideas introduced in ARCC
will be further developed in FR8RAIL III and will provide an extended prototype environment for
the FR8RAIL II demonstrator. Thus, the methods and demonstrators developed in FR8RAIL
II and FR8RAIL III complement each other and build on the results of ARCC and other previous
projects.

IMPACT-2
In several previous projects, RISE has developed the timetable optimization software M2. M2 can
use different objective functions to optimize existing timetables, add trains to timetables, or create
timetables from applications made by train operators. Furthermore, M2 can present optimization
results in the shape of graphical timetables. In the IMPACT-2 project, RISE continues the
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development of M2, with the goal to turn it into a research platform. This means that it will be
easier for researchers outside RISE to use M2 in their own research, to exchange data between
M2 and other systems, and possibly to extend the program. The graphical user interface of the
program will be improved, so that users can easily choose which data to use and set different
parameters for the optimization process.
In the demonstrator described in this document, M2 will be responsible for data handling, user
interaction and visualization. This means that M2 will manage a database of timetable data,
provide a user interface where the problems to be solved are defined, produce a conflict-regulated
timetable that will be the basis for the modifications to be made by the demonstrator, and
visualize the results of modifications and simulations as graphical timetables. The role of M2 in the
demonstrator will be further described in Section 2.2

PLASA and PLASA-2
The Shift2Rail project PLASA WP1 “Smart Planning and Safety for a safer and more robust
European railway sector” aimed at improving the state-of-the-art for tactical simulation. Hence,
the planning horizon of the Smart Planning use cases was reduced significantly. The final goal of
Smart Planning approaches was to simulate railway traffic on an operational level, thus aiming to
investigate current technological limits in terms of computation time and manual effort required.

Figure 1: Planning horizons covered by PLASA/Smart Planning.

Within the framework of the project three separate deliverables were produced: D1.1 – Quality
Plan, D2.1 – Summary of state-of-the-art in simulation and D3.1 – Summary of analysed disruption
types. The first two reports are public and the final report is confidential. D1.1 dealt with internal
project management and quality control, and D2.1 had the objective to analyse railway
stakeholders’ planning activities in order to clearly define the requirements, potential impact, and
scope of innovation of Smart Planning methods and to give an overview of the current state-ofthe-art in simulation for railway traffic planning, both microscopic and macroscopic techniques for
railway simulation are covered. Microscopic and macroscopic methods are commonly used for
strategic purposes considering the annual timetable planning, through either detailed local
computations or network optimization. Microscopic methods consider local computations such as
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calculating running times and blocking times for a given infrastructure and signalling configuration,
as well as for conflict detection and computing capacity consumption.
In order to be able to estimate the quality of a planning result, it is necessary to simulate the
timetable in real-life conditions. Thus, PLASA aimed to create a high-quality stochastic disruption
model that was able to reproduce real-life disruption patterns, but which is also editable by the
user (e.g. to simulate the effect of reducing certain infrastructure disruptions). The model and the
corresponding results are further elaborated with a summary of analysed disruption types in the
study of (PLASA D3.1, 2017).
The research of PLASA was validated with a proof of concept by implementing a software
prototype (later named PRISM and now renamed to PROTON).

Figure 2: First draft of the PLASA software prototype PRISM now renamed to PROTON.

The concept of the different modules of PROTON (data input, disruption model, level of detail of
the simulation, etc.) was implemented with a clear distinction between data interface and internal
computation. Thus, future enhancements (e.g. results of PLASA-2) could be integrated into the
simulation concept without great efforts. Such a modular structure also enabled future changes
for the regarded level of detail. Here, more microscopic aspects can be integrated where needed
and a more stochastic, macroscopic relaxation can be used, where the complexity of the model is
in conflict with the runtime goals. Future improvements could easily replace given modules, e.g.
by enhancing the given disruption models or by implementing improved dispatching rules. The
output of the simulation will contain certain quality measures e.g. track utilization, punctuality,
delay distribution, etc. (PLASA D2.1, 2017).
Valuable inputs to FR8RAIL II WP3 from PLASA can be summarized accordingly:
 A comprehensive overview of the state of the art in timetable planning
 An overview of the planning tools used in practice by railway stakeholders
 A clear vision of the gap in current planning capabilities that future work in the project
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PLASA-2 presented first draft of the software prototype PROTON. Use of PROTON in a Swedish
application which makes it possible to now test and evaluate additional functionalities in PROTON
of importance for this WP.

FR8HUB WP3
The aim of work package 3 (WP3) of the FR8HUB project was to develop methods for yard and
network management, with a special focus on evaluating the effects on line capacity. Within the
work package, two demonstrators (modules) for timetable replanning were developed – one
for tactical planning and one for use in an operational setting. The results from the module for
tactical planning can be shown in a timetable viewer, which was also developed in the project
(see Figure 3). The module for tactical planning was developed at KTH and builds on previous
results from (Högdahl, Bohlin, & Fröidh, 2017), while the operational planning
module was developed by Linköping University (LiU) and builds on previous results from
(Ljunggren, Persson, Peterson, & Schmidt, 2018). The timetable viewer was developed by Indra.

Figure 3: Comparison between the initial (blue) and the replanned (pink) timetable (Fr8Hub,
2019)

The KTH module combines optimization and simulation in a loop (where simulation is done
using the microsimulation software RailSys) and can reschedule multiple trains at the same
time (see Figure 4). Optimization is used to reschedule trains, while simulations provide
information about the quality of a (potentially replanned) timetable. The output from the
simulation can be fed back into the optimization so that the timetable quality can be further
improved in the next loop. The iteration between simulation and optimization continues for as
long as required by the scenario. It should be noted that the KTH approach in this WP is based on
macrosimulation using PROTON, as macrosimulation is much faster and more suitable for
integration with other modules.
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The LiU module, intended for use close to operations, adds a new train to a timetable without
affecting any other trains in the timetable. In Section 2.2, we discuss how the timetable
modification module in this project builds upon the FR8HUB LiU algorithm.

Figure 4: Architecture of KTH–Indra demonstrator (Fr8Hub, 2019).

2.2 Demonstrator scope
This section describes the aim and the functionality of the demonstrator. In fact, the demonstrator
consists
of
two modules that
by
themselves
can
be
considered
as separate demonstrators. The first module is the simulation module, which consists of the
Swedish PROTON Model, RailSys and a RailML converter, while the second module
is the intelligent planning module, which consists of an enhanced version of M2
and a program called TIMO (short for Timetable Modifier; developed within this project).
The demonstrator developed in FR8RAIL II WP3 (outlined in this document) will be further
enhanced in the upcoming Shift2Rail project FR8RAIL III WP2. For more information, we refer to
upcoming deliverables from FR8RAIL III WP2.

2.2.1 Aim of the demonstrator
In general, the aim of the demonstrator is to show the advances and improvement possibilities for
timetable planning and network management performed in the Technical Demonstrators (TD) of
the Shift2Rail project denoted as TD5.2.1 Improved methods for timetable planning and also in
TD5.2.3 Real-time network management. The demonstrator builds upon results from
other Shift2Rail projects and will also be continued to be enhanced in future Shift2Rail projects.
GA 826206
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To be more specific, the aim of the demonstrator developed in FR8RAIL II WP3 is:
 To provide a first step of the demonstrator for integrated planning of line and yard as
outlined in the project ARCC.
 To develop and demonstrate new planning algorithms for short-term timetable planning.
 To demonstrate how macroscopic simulation can be used to evaluate timetables.
 To evaluate the usage of RailML for timetable planning (RailML, 2018).
 To evaluate the modular construction of the demonstrator and possibilities to extend it by
external modules.
 To provide a basis for future demonstration projects in Shift2Rail.
In Deliverable D3.1 (FR8RAIL II, 2019), several research gaps were identified regarding timetable
planning and real-time network management. The demonstrator is intended to bring contribution
to closing the gaps in the following aspects:
 In short term timetable planning, it is often required to make small modifications to the
timetable. The resulting timetable should still be efficient and most other trains should not
be affected by the change. The modification of the timetable needs to be fast. The
modifications can, e.g., include change of departure time, change of arrival time,
introducing a new train in the timetable.
 Freight trains are planned to have a certain performance (power, weight, speed,
acceleration, etc.), but the actual performance often differs from the scheduled
performance. Therefore, the operating train can have another speed profile than planned,
and this is one cause to that freight trains may run outside their planned timetable slots.
Adapting the operational timetable to the train’s actual performance gives the system
better predictability regarding the movements of the freight trains.
 The simulation of larger networks is often difficult and time consuming to perform with
common microscopic simulation tools. There is, thus, a need to be able to more efficiently
predict an operational outcome with or without restrictions coming from maintenance
works or other infrastructure errors and/or constraints arising from yards which affects the
trains’ possible departure times or the rolling stock with respect to the original plan. These
issues are partially addressed by using PROTON for simulations and adapting the input data
accordingly.

2.2.2 Functionality
Using the simulation module, it will be possible to evaluate the robustness of a timetable, by
calculating a set of relevant performance measures. The timetable planning algorithms
implemented in the intelligent planning module will be able to move trains within
timetables, reschedule trains whose minimum runtimes have changed, and insert new trains into
existing timetables. The role of PROTON, M2 and TIMO in the implementation of the
simulation and planning functionality is described below.
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Swedish PROTON model
PROTON (Punctuality and Railway Operation Simulation) is a macroscopic railway traffic
simulation tool developed in the projects PLASA and PLASA-2. The tool was formerly known as
PRISM (Plasa Railway Interaction Simulation Model). A detailed description of how PROTON
(PRISM) works can be found in (Zinser et al., 2019). In this demonstrator, the Swedish PROTON
maintained by Trafikverket is used to simulate timetables and the effects of different disruptions.
Aside from the timetables and the disruptions, information about train types and the
infrastructure is needed as input. The differences between the Swedish PROTON model and the
main PROTON version is that the Swedish model is based on Swedish input data, and that it has
its own user interface.
Currently the Swedish PROTON converts timetable, infrastructure, and train data from RailSys. The
reason it is so far oriented towards using and converting RailSys data is that Trafikverket already
have the full Swedish track infrastructure described and performs imports of the yearly timetable
into RailSys. Trafikverket uses RailSys as its primary capacity and simulation tool. However, in the
future other sources might be used as well. There is currently no standardized procedure for
compiling delay distributions from historical data for use in the Swedish PROTON, instead various
scripts are used to configure data into the formats that PROTON can import.
The output from the Swedish PROTON model are the simulation results for the simulated
timetable(s). The output contains, among other data, the scheduled departure and arrival
times and the actual departure and arrival times obtained in the simulation. The same applies to
the simulation output data as with input, it is so far processed by scripts to calculate relevant
performance measures. Scripts that plot simulated train paths have been created. The purpose
with this is to facilitate understanding of the behaviour of trains in PROTON simulations and how
simulations react to different input. To standardize the format of the result files from PROTON,
the files can be converted to RailML format. This is done in a separate module developed within
this work package. In future development, the output can be transferred to M2 for aggregation,
analysis and visualization of the delays obtained in the simulation.

M2
M2 is a research platform for timetable planning, developed by RISE in previous research projects.
In the demonstrator, the enhanced version of M2 will produce a conflict-regulated timetable
based on the original timetable from the infrastructure manager. No other timetable
modifications will be performed by M2. The conflict-regulated timetable will be the starting
point for modifications performed by TIMO. Apart from the conflict regulation, M2 will handle the
following tasks:
• Managing a database that holds infrastructure and timetable data.
• Letting the user define the timetable planning problem to be handled by setting different
parameters
• Compiling the data of the problem in (an extended version of) the RailML data format and
handing them over to TIMO.
• Visualizing the modified timetable from TIMO (for example, by generating a graphical
timetable where the conflict-regulated and the modified timetable can be compared).
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TIMO
The TIMO program is developed by the team from Linköping University. The goal of TIMO is to
handle addition or reinsertion of train paths for (freight) trains. This could be a change of
departure time from the departing marshalling yard or terminal (e.g., due to late train completion
or the need to free marshalling yard capacity early), a change of arrival time at
the arriving marshalling yard or terminal (e.g., due to capacity restrictions over the planned time
of arrival), a change of the travel time (e.g., because the wagon load was altered, and a
higher/lower speed is possible), or the addition of a train path (which could have been moved
from a previous day and constitutes a “new” train for the considered day).
In particular, TIMO enables user-steered changes to train paths of other, existing trains in the
timetable. For example, the user might allow that all trains from the same RU, within a certain
time window may be adjusted to enable the new train path. In general, this strategy can allow for
changes to the considered train path even in a very dense timetable, where such a change without
modifying other train paths would not be feasible. Both by expanding the covered scenarios (e.g.,
the change of train time) and by adding flexibility to some of the existing train paths, TIMO will
expand on previous work like Ljunggren et al. (2018). The resulting timetable will be evaluated and
visualized for comparison with the original timetable. While the previously developed algorithm
(Ljunggren et al., 2018) did not allow for data exchange with M2, TIMO will include this possibility
(as a base for the complete demonstrator).
TIMO algorithm overview
TIMO is based on a ruin-and-recreate heuristic method which is shown in Figure 5. A timetable is
modified by temporarily removing a subset of train paths and then inserting them together with
any additional train paths in a way that optimizes a predefined objective function. As input from
M2, TIMO receives a conflict-regulated timetable along with the following information:






What kind of timetable modification TIMO should perform
o Add one or more new trains
o Change departure- and arrival times for one or more trains
o Change runtime for one or more trains
Which train paths that can be adjusted to facilitate the timetable modification
o A time frame, F, inside which train paths may be adjusted
o A list of RUs that allow its train paths to be adjusted
A choice of objective function f
o Maximize bottleneck robustness
o Minimize the deviation from the original timetable
o Minimize runtimes

If one or more new trains should be added to the timetable, TIMO receives this set of trains from
M2. Analogously, if train paths are to be modified, e.g., runtimes or departure- and arrival times,
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train IDs for these trains are also sent to TIMO. The time frame, F, together with the list of RUs,
restricts how many train paths that may be adjusted to facilitate the insertion- and/or modification
of train paths. The objective function f is used to evaluate the modified timetable and return a
timetable to M2 that optimizes f. The goal could for instance be to insert the train paths in a way
that maximizes the bottleneck robustness, i.e., the temporal distance to other trains in the
timetable, to minimize the total time difference by which the train paths were adjusted, or to
minimize runtimes.
Figure 5 below shows a general overview of TIMO’s structure. In a first s tep, TIMO removes any
train, whose train path should be modified, from the timetable. Together with any new train paths
that should be added to the timetable, they form a set A, containing all new or modified train
paths. To facilitate the reinsertion of these paths in the timetable, another set of train paths, B,
may be adjusted. B contains all paths p ∉ A that belong to RUs that allow train path modifications
and are within the time frame F. All trains in B are temporarily removed from the timetable.

Figure 5: General program structure of TIMO.
For each train path in B, departure and an arrival time windows are created, inside which the train
path may be placed. These time windows restrict how much the train path can be adjus ted from
its original path, with respect to yard management constraints . Next, all train paths, q ∈ A∪B, are
reinserted in the remaining timetable. All train paths are inserted one by one, after which the
timetable is evaluated based on the objective function f. The reinsertion procedure is executed a
predefined number of times, each time altering the insertion order, after which the timetable with
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the best objective value is then returned to M2. Before returning the new timetable, the data is
transferred to RailML format. Along with the modified timetable, TIMO returns KPIs, which show
the effects of the timetable modification, with respect to runtimes and robustness.The order, in
which the train paths are inserted, can be changed. In the current version of TIMO, train paths are
inserted chronologically. However, a later development of TIMO will investigate if changing the
insertion order could possibly generate timetables with higher objective function values.

2.2.3 High-level architecture and data communication
The demonstrator will consist of two modules: the intelligent planning module and the simulation
module
(see Figure
6).
In
turn, the intelligent planning
module will include
M2
and TIMO. Furthermore, M2 must have access to the optimization software CPLEX Optimizer in
order to produce conflict-regulated (and, in other settings, optimized) timetables. The main part
of the simulation module will be PROTON, but it will also include RailSys and a RailML converter.
Data could be transferred in RailML format from the simulation module to the intelligent planning
module, but such a connection is not implemented within this project.
M2 consists of five main parts: a central part for generation and handling of problem instances
(timetable planning problems and resulting timetables), a part for optimization and conflict
regulation according to different objective functions, a part for conversion of problem instances
between the internal representation used by M2 and the RailML format, a graphical user interface
where the user can define the problem to be solved by setting different parameters and where
timetables are visualized, and a database holding infrastructure and timetable data (mainly
from Trafikverket’s system TrainPlan).
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Figure 6: Architecture of the demonstrator

M2 and TIMO will exchange data such as infrastructure data and timetable data with each other.
All data exchanges, apart from the exchange of parameters set by the user, will use an extended
version of the RailML format, version 2.4. The connection between M2 and TIMO is a two-way
connection, where M2 supplies TIMO with all necessary data for calculations and TIMO
provides M2 with results from calculations.
For the simulation module, a RailML converter has been developed in order to convert data from
the formats of RailSys (CSV) and PROTON (CSV or RDS/Parquet) into the RailML 2.4 format (see
Figure 7). The software reads the RailSys file and PROTON output file simultaneously, then
identifies related data from each file and exports it to RailML file. The software settings menu
provides options for simple software adjustments to adapt to updated PROTON or RailSys versions
without the need for adjusting the source code of the software. The software also provides a
feedback window in case errors occurred during the data conversion.
Although RailSys data is converted into PROTON format prior to a simulation, there are some data
needed by the RailML-converter which is not converted into PROTON format since they are not
needed of PROTON. In the future the RailSys-to-PROTON converter can be modified so that all
data needed for the post simulation RailML-converter is taken from data already converted for or
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generated by PROTON.

Figure 7: The graphical user interface of the RailML converter

2.2.4 Limitations
The demonstrator will have a number of limitations. The most important of these are the
following:
 PROTON is a macroscopic railway traffic simulation tool and does not model detailed train
movements. This means, for example, that restrictions that may occur due to intersecting
train movements at stations are not captured.
 The infrastructure is not represented in detail in the data that are used by
the intelligent planning module. For example, while the data indicate the number of tracks
connecting every pair of neighbouring stations and the number of tracks at every station,
there is no information about signals or how tracks are connected by switches. Similarly,
the simulation module only models the interaction between trains in the railway network
on a macroscopic level.
 The demonstrator will be developed to be able to handle any railway line in Sweden, but it
will only be tested and verified on the Southern Mainline.
 The timetable modifications that the demonstrator can handle will not include all possible
usages/modifications that a short-term train planner may have, but only the use cases
outlined in this document.
 The rail yards will not be included in the demonstrator, even though we will assume that
the trains depart from and arrive at marshalling yards. That is, the included railway
network “starts”/”ends” just outside the yards.
 The
aim
of
the
demonstrator
is
to demonstrate
the research
results, concepts and advanced planning possibilities for domain experts (like line planners
at IM). The intention is not that the demonstrator will be an operational planning tool for
practical use.
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The timetable visualization in M2 is not aimed for deep statistical analysis, but to
illustrate a high-level timetable performance.
The KPIs that are calculated should be seen as examples of KPIs. In a real setting, more
advanced KPIs could be calculated.
The simulation module and the intelligent planning module will not be connected.

2.3 Test scenarios and use cases
The demonstrator and its algorithms will be tested on several scenarios describing situations
where timetable modifications are needed. This section contains these scenarios and two use
cases that describe the interaction between the user and the demonstrator, as well as the
processing performed by the demonstrator.
Test scenarios
The scenarios will be based on real data and will have the following characteristics in common:
 Part of the railway network:
o Hallsberg–Malmö line, Sweden
o Hallsberg marshalling yard (HRBG) and Malmö marshalling yard (MGB). Both these
yards are on the border of the selected part of the network, however none of the yards
are in detail explicitly included in the modelled network, e.g. the yard layout and yard
capacities are out of scope.
 Time:
o Yearly timetable providing the original timetable data: T16 (2016)
o Primary date: Thursday, 13 October 2016
o Period of time covered by each scenario: 24 hours
 Included trains:
o All trains Malmö–Hallsberg, including trains travelling only a part of the line.
 Timetable modification:
o The added/changed train (according to scenarios a–d) will be a freight train in the
northbound
direction,
from
MGB
to
HRBG.
Exact train or time windows, etc., will be defined in a later stage, when the details of
the timetable have been studied.
Scenario extensions
If possible to handle within the timeframe of the project, there are several possible extensions to
the basic test scenarios:
 Days with less or more traffic: In addition to the default date as explained above, the
scenarios can be run on dates with dense or sparse traffic. A sample date with sparse traffic is
e.g. Saturday, 15 October 2016.
 Southbound trains: The basic scenario is that the train to be modified is northbound, from
MGB to HRBG. However, an extended scenario is to modify a train in the southbound direction,
and/or to allow modification in southbound direction when inserting northbound traffic.
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2.3.1 Test scenarios for the simulation module
The main test scenario for the simulation module is analyse timetable robustness. The robustness
of a railway timetable that includes e.g. trains and maintenance should be analysed.
The simulation module is used to make a sufficiently large number of simulation runs, each
of them generating a “resulting timetable” corresponding to a possible timetable outcome from
operations. We have at this stage chosen to investigate what functionality PROTON provides and
how this can be used as well as what is required for input data management. Hence some selected
scenarios are simulated. This analysis is exemplified in this deliverable by the planning
functionalities described in chapter 3.
A possible extension of this scenario is:
The results from the simulation are imported into M2 for visualization. The visualization is based
on a graphical timetable view, in which the nominal timetable is illustrated as well as how
the outcome of the timetable is “spread” around the nominal timetable.
Scenario parameters:
• Timetable to be analysed (geography and date).
• Type of disruption to be analysed. These relate to the planning functionalities described in
chapter 3.
• Number of simulations performed by the simulation module.
• Statistical measures to be used for analysing the simulation outcome.
•

Railway line to visualize in graphical timetable.

2.3.2 Test scenarios for the intelligent planning module
There are four basic test scenarios for the intelligent planning module.
a. Change departure time of a train

At the departure yard, something has occurred so that the departure time of a train needs to be
changed (e.g. late incoming train). The new (changed) train path adheres to a time frame F. To
facilitate the train path modification, a set of surrounding train paths that are inside the time frame
and belong to a predefined set of operators, are adjusted.
Scenario parameters:
• Train path to be moved (train number and date).
• Objective function for the timetable modification.
• Time frame, F.
• Operators allowing train path adjustments.
• How much other trains can be adjusted.
b. Change arrival time of a train

At the arrival yard, something has occurred so that the arrival time of a train needs to be changed
(e.g. yard is very heavily occupied). When changing the arrival time, we also allow the departure
time to change. The new (changed) train path adheres to a time frame F. Feasible arrival times to
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the destination are given by a time window. To facilitate the train path modification, a set of
surrounding train paths that are inside the time frame and belong to a predefined set of operators,
are adjusted.
Scenario parameters:
Same as for scenario a.
c. Changed runtime of a train

The minimum runtime of a train is changed e.g. due to changed load of the train or changed
locomotive type compared to the timetable specifications. This corresponds to that the train gets
a new runtime template. The train’s departure time from the yard remains the same, but the
arrival time to the destination changes. The new timetable for the train adheres to a time frame
F. To facilitate the train path modification, a set of surrounding train paths that are inside the time
frame and belong to a predefined set of operators, are adjusted.
Scenario parameters:

•
•
•
•
•
•

Train path to be changed (train number and date).
The new runtime template applicable for the train.
Objective function for the timetable modification.
Time frame, F.
Operators allowing train path adjustments.
How much other trains can be moved.

d. Add train to timetable

There is a need to add a train to the timetable. The train may be moved from one day to another
or be a totally new train. The new train’s timetable adheres to a time frame F. To facilitate the
train path modification, a set of surrounding train paths that are inside the time frame and belong
to a predefined set of operators, are adjusted.
Scenario parameters:

•
•
•
•
•

Train to be added (train route, date and time).
Objective function for the timetable modification.
Train type to be added, i.e. which runtime template is applicable for the train.
Time frame, F.
Operators allowing train path adjustments.

•

How much other trains can be changed in time.

Use cases
The following two use cases describe the interaction between the user and the demonstrator, as
well as the processing performed by the demonstrator. In the first use case, the
simulation module is used to evaluate the robustness of an existing timetable. In the second use
case, the intelligent planning module is used to perform minor timetable modifications. In
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the descriptions of the use cases, one or several steps may be automated so that no user
interaction is needed to perform those steps.

Use case 1
PROTON
1. User creates PROTON input files. This is based on a timetable, vehicle data, infrastructure
and distributions for initial and primary dwell and run time extensions.
2. User starts PROTON, opens the input file and sets relevant options. Before the actual
PROTON simulation starts, data conversions of RailSys output is done. Alternatively, necessary
input files are generated in advance from other sources.
3. PROTON performs the simulation and creates output files containing the original
timetable, the simulated version of the timetable and associated data.
4. User evaluates the result of the PROTON simulations.

Use case 2
M2
1. User starts M2.
2. User selects timetable period (T16), part of the railway network (the line Hallsberg–
Malmö) and time period (Thursday, 13 October 2016).
3. User selects which type of scenario to run (see Section 2.3.2).
4. User sets parameters for the timetable modification (see Section 2.3.2).
5. M2 produces a conflict-regulated timetable based on the original timetable.
6. M2 compiles input data for TIMO in RailML format, starts TIMO with the selected
parameters and transfers the input data there.
TIMO
7. TIMO reads input data and parameters for the timetable modification.
8. TIMO modifies the timetable in the selected way.
9. TIMO produces output data in RailML format and transfers them to M2. The output
consists of a new (modified) timetable (and some KPIs).
M2
10. M2 reads the output from TIMO.
11. M2 displays graphical versions of the two timetables (the conflict-regulated and
the modified) and possibly the KPIs.
12. User inspects the changes made to the timetable.

2.3.3 IT Systems and Data security
Trafikverket has rules and regulations about IT security that the project needs to follow. Data
information received by or taken from Trafikverket’s information systems needs to be agreed
by Trafikverket and to follow Swedish law on IT security.
The FR8RAIL II demonstrator consists of:
• M2 capacity planning and optimization tool developed by RISE.
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•
•

TIMO for timetable optimization. TIMO is connected to M2. TIMO for timetable
optimization. TIMO is connected to M2. TIMO is developed by Linköping U.
PROTON Swedish macro simulator. PROTON is not directly connected to M2 and runs in an
IT environment at Trafikverket.

M2 gets infrastructure data and timetable data from TrainPlan. PROTON gets infrastructure data
and timetable data from RailSys. PROTON kernel is developed by DB. KTH and Lund University
develops easy user interface to set up Swedish PROTON simulations and to analyse Swedish
PROTON output data.
M2 and Timo are linked. There are discussions between Trafikverket, Linköping University and RISE
how these programs can get data from Trafikverket.
For Proton Swedish macrosimulator Trafikverket, KTH and Lund University have research cooperation with DB.
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3 Specification and development of planning functionality
This chapter covers Task 3.1.4 – Specification and development of planning functionality. In
particular, the following functionality is considered:
•
•
•
•

Recovery-robust contingency planning for freight timetables handling major disturbances
and deviations resulting from maintenance work, covered in sections 3.1 and 3.3.
Analysis of freight timetable performance for days with minor disturbances and deviations
resulting from maintenance work, covered in sections 3.1 and 3.3.
Limited management of operational constraints from yards/terminals (yard resource
feasibility and availability) covered in section 3.4.
Limited management of operational constraints from RUs (rolling stock feasibility and
availability), covered in sections 3.2 and 3.3.

The points above relating to sections 3.1–3.3 are covered by simulating selected example cases in
PROTON (as mentioned in section 2.3.1). The purpose of this is to investigate what functionality
can be fulfilled by PROTON and how this is modelled.

3.1 Modelling the impact on freight train operations from disturbances
and deviations resulting from maintenance work
Predicting operational impact resulting from maintenance work activities is a highly relevant area
regarding planning functionality. Depending on the type of maintenance work it will often lead to
different type of restrictions in infrastructure availability and consequently affect the tra in
operations. A demonstrator should therefore be able to handle some types of typical restrictions
resulting from maintenance work activities. Examples of such restrictions in infrastructure
availability are:
 Speed reductions
 Reductions in number of available tracks on lines and/or stations but without a full
closure
 Full track closures, i.e. no trains can operate over a section in any direction regardless
the number of tracks normally available
The maintenance work itself is normally planned well in advance, but it can also be an emergency
measure due to a rapidly occurring error which must, at least passably, be addressed promptly to
prevent the error from growing.
The impact on operations caused by maintenance works will of course depend on the location,
type of restriction, time of day etc. These parameters interact with the timetable, thus the
operational impact can in a simplified way be assessed by checking which trains are directly
affected by a particular maintenance work. The knock-on effect may affect more trains. Also, the
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actual trains directly affected by a maintenance work can be other ones than the trains given by
the schedule due to already occurred delays elsewhere in the system.
In many cases with larger maintenance works for longer periods, adjustments are made in the
timetables to realistically execute the train movements in that area. This will typically mean full or
partial cancellation of trains. In cases with full track closures, rerouting of trains can be necessary.
In PROTON different types of infrastructure restrictions can be modelled. The information given is
location, direction, type of restriction, date, start and end time. If it is a double or multi track
section, the number of available tracks open for operation can be specified. A speed reduction is
specified by the length of the reduction and the allowed reduced speed level. The full closure of a
section is not yet implemented, but this will be modelled by assigning a disruption at a predefined
location and time.
The aim of the simulated test cases is to demonstrate how the operational impact with different
types of infrastructure restrictions resulting from maintenance work, an infrastructure error or
other cause can be predicted with the macroscopic simulation tool PROTON. The main limitation
in the demonstrated examples is that the timetable is fixed and will not be changed with respect
to cancellation or rerouting of trains. This means that the cases are not of such magnitude
(restriction and time span) that they, in reality, would either require pre-made adjustments in the
normal timetable or partial cancellations and rerouting in the event of an unexpected error.
The split in minor and major disturbances and deviations is addressed by considering the predicted
outcome from the simulations for the demonstration cases. Conclusions can then be made from
this information whether rescheduling, rerouting or cancellation of freight trains should be
considered or if the predicted delays are acceptable. Other aspects of the operations will of course
influence what level of delays for specific trains are acceptable. Factors to consider are for example
freight yard operations, rolling stock circulation and associations (chaining) between arriving and
departing freight trains at terminals.
In all examples the same timetable is used, this reflects a normal weekday operation in 2016 on
the heavily utilized freight train route between the freight terminals in Malmö and Hallsberg. By
relating to the test cases, improvements and proposed features of a future integrated
demonstrator can be clarified. The railway line is illustrated in a map in Figure 8.
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Figure 8: Railway line between Hallsberg and Malmö. The total distance is around 400 km and
the distance with single track (in year 2016) was around 40 km.

3.2 Modelling freight train operations with operational constraints from
railway undertakers on rolling stock
Operational constraints on rolling stock can affect the train operations in different ways. By
operational constraints is meant here that a train will systematically experience different running
times than those originally planned. The cause of this can be a heavier train, weaker traction power
(deviating engine type or defective engine) or a lower maximum permitted train speed which may
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be caused by deviating wagon or engine types. Also, severe leaf slip conditions can significantly
increase the scheduled running times, this would however affect multiple trains and not just a few.
Train performance can also be better than originally scheduled, for example that it is lighter and/or
has improved traction performance (another engine type or multiple engines).
PROTON does not calculate any running times, although it can add time components from
accelerations and decelerations in a simplified way caused by train interactions. It is therefore not
possible to model systematically extended running times by changing the train type or its
maximum speed. PROTON takes the running times from an imported timetable and can also use
information about driving time supplements. In addition to this technical running times for train
types are needed for all relevant edges. The technical running times are divided into four main
modes which are formed from whether the edge nodes are pass and/or stop.
The behaviour for a train with decreased performance relative its original plan is modelled by
giving it systematic running time extensions via the same setup used for creating stochastic
perturbations. The difference is that the distributions giving the perturbation values for a specific
train are compiled so that they always give a value within a target interval for that train on a
particular edge. This principle is applied and demonstrated in a simulation test case.

3.3 Simulated test cases
Track maintenance activities will typically involve closing individual station tracks or a larger area
inside stations or closing one or more line tracks. If one or some tracks past a track work site can
be kept open trains can still pass, although the train operations may be affected due to the
decrease in track capacity. If all tracks past a work site must be closed, then it will be a full closure.
Trains must wait on either side until some track capacity is reopened or they need to be rerouted
via other lines and stations.
A large part of planned maintenance work activities take place at night since the traffic intensity
on many Swedish lines decreases during that time. The impact on train operations will thus be
smaller. However, this is not true everywhere and there are examples of the opposite where some
sections have more trains passing during night hours compared to day hours.
Regarding minor disturbances and deviations resulting from maintenance work, a demonstrator
should be able to handle:
 Partial track closures


Speed restrictions

In normal situations these types of restrictions will be known in advance since the date(s) and time
intervals are defined. This means that they are to a high degree deterministic. However, deviations
from this may occur and a typical example is when the completion of a track maintenance activity
is delayed. In other words, it is not finished in time. Functionality in a demonstrator should
therefore include both the possibility of defining a planned track work activity and in some way be
able to handle that the activity may not always be finished in time.
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The Swedish PROTON model can to a certain degree handle partial track closures and speed
restrictions on lines (edges). Both can be defined in a table with start date and time, end date and
time, location and parameters relating to the type of restriction. There are also possibilities to
introduce infrastructure disruptions on edges or on nodes via distributions. These can be designed
to have a high degree of stochasticity both in time and space or be controlled towards a specific
time interval and location.
The already existing functionality in PROTON will be demonstrated with four test cases. The impact
on freight train performance as well as passenger train performance is predicted by simulating a
full day operation on the section Hallsberg–Malmö. All trains running in the simulation are affected
by perturbations from different delay distributions which are compiled from historical data. The
purpose of these is to provide variation from the scheduled times when trains are initiated and for
dwell and running times. The draws from the respective distributions are made completely
stochastic. The perturbations are active in all test cases and the specific restrictions or disruptions
are superimposed on these, thus providing systematic disturbances.
In section 3.3.2 an approach for predicting operational outcome from changed operational
constraints from RUs regarding rolling stock feasibility is demonstrated. This can be modelled by
defining systematic running time extensions for one or several trains in the PROTON simulations.
This will mimic the conditions when freight trains are operated with other engine and/or car types
resulting in decreased train speeds or that the train weight is significantly increased but without
adding traction power. If the train is not replanned but operated relative its original schedule, this
will most likely lead to delays for that train. However, predicting the arrival to the next freight
terminal can be challenging since the secondary (knock-on) delays are not clear in advance. The
demonstrated approach using PROTON will therefore aim to improve the arrival prediction to the
next freight terminal.

3.3.1 Simulated test cases with maintenance work and infrastructure
errors
Four test cases are used to demonstrate some of the functionality that can be utilized in PROTON
to model train operations with the impact of restrictions or disruptions resulting from
maintenance work or infrastructure errors. The test cases are described below and illustrated
geographically in Figure 9.
1. Single track operation with associated speed restriction on two sections at night. The
section lengths are both around 10 km.
2. Speed reduction on both tracks on one section around the clock, length is around 10 km.
3. Signal or other error affecting both directions at one location between the hours 14–19.
4. Disruption (closure) at one location for about an hour.
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In case 1 track maintenance sites are defined on two locations (edges). For both locations one
track is closed, and speed is restricted to 40 km/h on the operational track. The activities run
between 0 and 5. This can be seen to correspond to so-called maintenance windows which are
scheduled recurring time intervals when preventive and other track maintenance can take place.
The maintenance window can cover a longer distance, but the actual track possessions are
activated according to the track maintenance planning for that date. Thus, several different track
possessions can exist at different locations within the same maintenance window. The time
intervals for maintenance windows vary depending on location and day of week.
Case 2 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) is taking place during
night hours and imply a speed restriction during daytime. This procedure would continue until the
track renewal is fully completed and necessary follow-up measures implemented.
In case 3, a disturbance occurs that affect all passing trains with systematic running time
extensions at one location for five hours. The extension is around six minutes. An event that could
cause this is a signal error causing the trains to pass one signal at stop with authorisation.
Case 4 models an event with an interruption at one location (edge). No trains can pass on any track
for one hour. The reason for this can be a sudden infrastructure failure (track error, overhead line
fault, major signal error etc.) which requires action before operations can resume with or without
restrictions. An interruption like this can also be caused by the emergency services requesting a
stop in operations, for example in the event of a fire in the vicinity of the railway tracks.
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Figure 9: Example cases simulated in PROTON to be able to predict the impact on mainly
freight train operations from the restrictions that arise from track maintenance activities. All
example cases are illustrated in the same map, but they are simulated separately (one at a
time).
Visualization of simulated train paths, primarily in the form of a graphical timetable, facilitates in
understanding how a simulation behaves and reacts to changes in different type of parameters
and input data. It can thus give a view of whether the overall behaviour is realistic and complement
other types of measures that can be calculated from the simulation output data, for example ontime performance and average delays. Figure 10 shows an example for case 3 of a graphical
timetable compiled from PROTON output data. The systematic disruption is applied on the
adjacent edges surrounding the node where the infrastructure error is intended to occur. Although
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it may not be entirely clear what is happening in the example, it can still be seen that trains have
systematically longer running times than scheduled (dashed lines) during the designated time
interval for the disturbance. The disruption is modelled so that all trains which pass the edges
during time 14–19 get a perturbation value that is drawn from a Weibull distribution. The mean
and the interval are controlled by the distribution parameters.

Figure 10: Example of visualizing simulation output in a graphical timetable. Solid lines show
simulated train paths for this particular cycle and dashed lines show scheduled paths. This
example corresponds to test case 3 and the location with an assumed signal error is indicated
with the rectangle.
The effect of the example case disruptions on operations can be evaluated by comparing the
simulated outcome for selected sets of trains. These sets are here selected according to the
scheduled times, i.e. which trains would be affected if they arrived to the area where the
disruption occurs on time. A margin can be added both before and after the disruption time to
also catch trains that are delayed from the beginning or are ahead of schedule. The results are
shown here in the form of boxplots (Figure 11 and Figure 13) and split up into freight and
passenger trains groups. In all cases, the set of simulated deviations is compiled by each train’s
last node in the model. For some trains it is the real terminus while other trains “run out” of the
model. The selection of trains is done as described with respect to the scheduled paths. The normal
situation (without the disruptive event) is shown as a reference for comparisons. Note that
different scaling on the y-axis is used for freight and passenger train groups.
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Figure 11 shows case 1 and 2. Since the event according to case 1 takes place at night, almost no
passenger trains are affected, and no results are compiled. In general, freight trains in Sweden
show a large spread in terms of deviations from scheduled times. It is not uncommon for them to
either depart ahead of schedule from yards or other locations, or to become early during the
journey. Typical distributions showing historical deviations for freight train departures from yards
are shown in Figure 12. This also explains to a relatively large extent the large spread in freight
train arrivals to their end nodes in these test case simulations.
Case 1 shows, not unexpectedly, a clear impact on the freight trains concerned. Both mean value
and spread increase. If this change is translated into on-time performance at the 5 minute level, it
drops from 66% to 27%. At the model network level, i.e. counting all freight trains regardless of
where they run and at what time, the on-time performance decreases from 68% to 62%.

Figure 11: Simulation results for case 1 and 2 shown as boxplots for arrival time deviations at
end nodes and for selected trains in each group. Simulation outcome without the respective
disruptions shown for comparisons (Normal).
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Figure 12 Illustration of the deviations at freight train departure from yards (historical data).

For case 2, the change for freight trains is much smaller than in case 1. This disruption gives a
speed restriction throughout the day and the number of affected trains is considerably higher.
Most freight trains in Sweden have a maximum train speed of 100 km/h or lower (although some
are allowed up to 110–120 km/h), the modelled speed restriction to 70 km/h in case 2 does not
have a major impact on the passing freight trains considering the normal mean and spread.
However, for passenger trains the change is relatively speaking larger, which makes sense since
they would suffer from a much larger relative speed reduction. Another aspect is that since the
spread of the freight train deviations is already high in the normal case, the relative difference
becomes smaller than for passenger trains which have significantly less spread to begin with. The
group on-time performance drops from 59% to 52% for freight trains and from 78% to 46% for
passenger trains. At the network level both freight and passenger train on-time performance
decreases with 4 percentage points in case 2.
Figure 13 shows results for case 3 and 4. The assumed infrastructure error in case 3 (see Figure
10) gives a systematic run time extension in both directions during five hours. In the example, no
distinction has been made between freight and passenger trains regarding the distribution used
for the systematic run time extensions. Both types will on average get the same extension. The
impact is clear for both groups, but it is not entirely clear how and if the relative change differs
between the groups in this case. In case 3, selected train group on-time performance decreases
from 37% to 25% for freight and from 69% to 29% for passenger trains. Correspondingly, the
network on-time performance decreases only by 1–2 percentage points for both groups.
Case 4 models a full interruption for around one hour, the simulation shows an obvious impact on
both groups. On-time performance for the mainly concerned trains decreases from 53% to 23%
for freight and from 75% to 30% for passenger trains. Similarly to case 3, the network level ontime performance decreases with 1–3 percentage points. That is, despite a relatively a large
interruption in a local scope, the network level on-time performance is affected only to a small
extent. The obvious explanation is, of course, that in case 3 and 4 only a small number of all trains
are affected.
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Figure 13: Simulation results for case 3 and 4 shown as boxplots for arrival time deviations at
end nodes and for selected trains in each group. Simulation outcome without the respective
disruptions shown for comparisons (Normal).

3.3.2 Simulated test case with constraints on rolling stock
Two freight trains are chosen for systematic running time extensions. The first one runs from
Hallsberg yard to Malmö yard and the second train in the opposite relation. The trains are
scheduled to depart in the afternoon and the total running time is around six hours for both trains.
The trains have commercial stops scheduled at Nässjö for driver change, the southbound train has
also a wagon shunting activity. All other scheduled stops are purely technical stops resulting from
the original timetable construction.
In this case the systematic running time extensions are assumed to be around 10% of the minimum
running time on each edge for the respective trains. The sum of minimum running time and any
supplements will be the scheduled running time. This assumption is not based on any specific
analysis but should be seen here as reasonably realistic for this test case. Figure 14 shows an
example for this case with scheduled and simulated train paths visualized in a graphical timetable.
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Figure 14: Example of visualizing simulation output in a graphical timetable. Solid lines show
simulated train paths for this particular cycle and dashed lines show scheduled paths. The two
trains with systematic running time extensions coloured in black.
It is already clear that the systematically applied run time extensions on the two selected trains
should be clearly visible in the results. However, due to the large spread of their initial departure
times and interaction with other trains along the route, it is not entirely obvious how much the
delays will increase. Figure 15 shows the outcome. The increase is roughly speaking equal for both
trains. None of the trains seem to have more buffer in their schedules relative to the other train.
Even if some scheduled technical stops are not realized, stops are often needed at other locations
instead which typically means that a delay reduction at one location is counteracted by a delay
increase somewhere else.
From the simulation output data, an estimation can be made of what share of the mean delay
increase (from origin to destination) is due to primary disturbances and secondary disturbances,
respectively. Relating to Figure 15, obviously the primary part of the accumulated delays largely
explains the significant increase in mean arrival delay to the respective yards when train
performance is lower. However, compared to the normal case the secondary (knock-on) delays
increase by 90–100% (from ~15 min to ~30 min) if related to the increase in mean delay. For
these trains, it is thus clear that there will also be a penalty for the trains not being able to keep
their original scheduled running times in terms of accumulated secondary delays.
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Figure 15: Simulation results for the respective trains chosen for systematic run time
extensions. Train 1 is southbound (Hallsberg–Malmö) and Train 2 northbound (Malmö–
Hallsberg).

3.4 Limited management of operational constraints from yards/terminals
(yard resource feasibility and availability)
The program TIMO uses a ruin-and-recreate heuristic to modify an existing conflict-regulated
timetable from M2. The timetable could be modified in several ways, such as adding an additional
train, changing the runtime or changing the departure- and arrival times for one or more trains,
see section 2.2). To facilitate this modification, some other train paths needs to be moved. TIMO
receives a time frame, inside which such path adjustments can be made. The size and location of
the time frame can be adjusted when starting TIMO. However, the default size of the time frame
is 60 minutes.
For each adjusted train path, i.e., the train paths that will be moved to facilitate the insertion of
modified or new train paths, time windows for departure from the first yard and arrival to the last
yard are created. These time windows are placed symmetrically around the train’s original
departure and arrival times and thus restrict how far the train path can be moved in the timetable.
Time windows for departure and arrival times of the modified train paths are defined by a range
of constraints related to rail yard management (Berntsson, 2020):




Earliest departure time from yard
 A locomotive is needed.
 Wagons need to have arrived at the yard and been shunted
 A driver is needed. Could arrive with an arriving train
Latest departure from yard
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 Track is needed by later incoming trains at the departure yard
 Driver or rolling stock is needed in other trains at the arrival yard
Earliest arrival at yard
 Track availability at arrival yard
Latest arrival at yard
 Track availability at arrival yard


Driver or rolling stock is needed in other trains

The most penalizing of these restrictions would be the ones that define the time windows. Let us
assume that a freight train is about to travel from yard A to yard B. The train cannot depart yard A
until all wagons making up that train have arrived at the yard and the shunting procedure has been
finalized. Also, a locomotive and a driver must be available and ready for departure. The latest
possible departure for a train is restricted by the need by other trains to occupy the track at the
rail yard. Furthermore, rolling stock or the driver might need to arrive yard B before being used in
another freight train. Based on this critical arrival time, the latest departure time from yard A can
be further restricted.
To arrive at yard B, there needs to be a track available that can be occupied by the arriving train.
Information about track availability at the rail yard can be estimated by the YM. However, the
longer before arrival this request is made, the more difficult the estimation can be. As mentioned,
the latest possible arrival at B is restricted by the need of rolling stock or drivers in other trains
departing from B. If a wagon from the arriving train is needed in a new train, the latest arrival at B
would be the departure time of the new train minus the duration of the shunting process. The
shunting duration might vary throughout the day, but in the yard planning, the process is set to a
fixed time that is likely to be longer than the actual duration. This enables the calculation of a
feasible departure time based on the arrival of the incoming trains.
In the current version of TIMO, the creation of departure- and arrival time windows for adjusted
train paths is simplified by making them very small in comparison to the running time of the train.
This results in small departure- and arrival time modifications, which are assumed to be feasible
in respect to the restrictions mentioned above. If TIMO would generate a train path for a
reinserted train that is not feasible, it is possible to exclude that train from the modification
process, i.e., that train would keep its original train path. To create more realistic time windows,
TIMO could in a later stage be further developed to utilize data on track- and rolling stock
availability as well as crew schedules.
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4 Conclusions
Deliverable D 3.3 “Requirements for a decision support tool to solve deficiencies in timetable
planning and to improve interaction between yards/terminals and network” in framework of the
Shift2Rail IP5 project Fr8Rail II/WP 3, corresponds to tasks T3.1.2, T3.1.3 and T3.1.4, described in
chapter 1 Background. The main purpose of these tasks was to outline a definition for a
demonstrator concept in order to solve deficiencies in timetable planning and to improve
interaction between yards/terminals and the rail network, described in chapter 2, and to develop
further functionalities of the demonstrator and to specify planning functionalities that the
demonstrator should consider, described in chapter 3.
Regarding chapter 2, a demonstrator for railway timetable planning and analysis is described. It
consists of two parts, a simulation module and an intelligent planning module. The simulation
module is aimed at analysis of the railway traffic when it deviates from its normal, like contingency
planning and performance analyses in case of maintenance work or operational constraints from
RU:s or yards. The kernel of the simulation module is the PROTON model, constructed in previous
Shift2Rail-projects.
The intelligent planning module includes a data handling and visualization component (called M2)
and a timetable modification component, denoted TIMO. TIMO is aimed at minor, short-term
modifications of a timetable. In such cases it is important that any modifications are made in a
controlled manner, adjusting only a few train schedules. The late stage changes that are handled
can be e.g. adding a train to the timetable, modifying the departure or arrival time, or changes in
the performance of the train. The evaluation of the demonstrator will be concluded in upcoming
deliverable from Fr8Rail II WP3.
Regarding chapter 3 and the planning functionalities that the demonstrator should consider, the
Swedish PROTON provides the possibility to model some aspects when it comes to typical
restrictions from track maintenance activities and/or other infrastructure related disruptions or
interruptions. In the current version decreasing the number of available tracks and speed
reductions can be defined as infrastructure modifications. In case 2 (single-track operation due to
track maintenance work) one edge at each location is chosen. Attempts were also made to specify
two or more consecutive edges for temporary single-track operation, but it was observed that
train meets could occur on the intermediate node(s). Although it can be realistic in some scenarios
(depending on the station layouts), in most cases the whole stretch will operationally be
considered as one single-track section.
An expansion in the infrastructure modifications can be to add some other infrastructure
parameters that can be altered or overridden relative their normal values. This could be used to
control the behaviour on enforced single-track operations over multiple adjacent edges. Also in
this way, for example, an error in the line blocking can be introduced by setting the number of
block sections to just one. This means that only one train at a time can use the edge even if trains
travel in the same direction. Using infrastructure modifications does not allow for any stochasticity
in these events, they must be predefined with start and end times (and dates). One application
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here could be that track maintenance is sometimes, due to various reasons, not completed on
time. Multiple infrastructure modification variants can however be modelled in the same
simulation, but this means that the same timetable is defined for several dates.
The Swedish PROTON in its current version handles a normal block-based signalling system to
determine the minimum headway between two subsequent trains. The block section distances for
an edge is represented by one value, this would normally be a representative distance taken as an
average for multiple block sections or possibly a dimensioning block distance if this is strongly
deviating from an average value. It is not possible to define a signalling system reminiscent of a
continuous system, for example ETCS level 3 or a hybrid level 2 and 3 system. It may, however, be
possible to approach a continuous system by defining short block distances, but this has not been
tested yet in the Swedish PROTON.
The Swedish PROTON (also the main PROTON) needs a timetable as input. It is not at this stage
intended to be a tool that generates train runs by itself or be able to do replanning and/or
rerouting procedures. Handling large scale maintenance activities that requires a reduction in the
number of train runs, full and part cancellations and rerouting via other lines, will have to be
handled in another tool and the timetable input to PROTON imported from there. It should also
be pointed out that due to the macroscopic framework used in PROTON, it is mostly not an
appropriate tool for modeling track maintenance which have very s pecific impacts on stations, for
example closing some tracks but not all etc.
In summary regarding the Swedish PROTON, it can be said that it is possible to model some of the
infrastructure restrictions that typically occur during or because of planned track maintenance
activities, some unforeseen infrastructure error or other event. How the behaviour is triggered via
input data depends on which type of event is modeled. It can either be set as an infrastructure
modification event and/or setting a combination of edge event probabilities and delay
parameters. It is also possible to a certain extent model decreased performance for specific trains
(for example due to a change in rolling stock) by generating systematic delays via the input data.
The same principle can also be used for controlling train departures from a yard. This could result
if constraints in the internal capabilities at a yard leads to events where specific trains cannot
depart earlier than at a certain time.
In addition to the things already pointed out, there is a need for systematizing how input data for
the Swedish PROTON is generated in the future. The aim is to facilitate the use of the Swedish
PROTON. PROTON is a tool that is still evolving. The Swedish PROTON is currently based on a
version from September 2019 which means that improvements and expansions that have taken
place since then in the main version of PROTON are not available. The intention is to update the
Swedish PROTON in a near future.
Moreover, a timetable modification module, called TIMO, has been developed. TIMO uses a
conflict regulated timetable from M2 as input, and modifies the timetable in a desired way. When
starting TIMO from M2, there are four choices of modifications that can be requested. TIMO can
either change the departure and/or arrival time of one or more trains, change a train’s vehicle
characteristics related to runtimes or add a completely new train. Each choice resembles a need
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for a timetable change that occurs close to operation. No matter the modification type, some train
paths inside a (from M2 defined) time frame, and belonging to a set of operators, are moved to
facilitate the timetable modification. Each train is reinserted into the timetable, resulting in a new
timetable that is returned to M2 for visualisation. Each train path, is reinserted chronologically,
that is, the train path with the earliest departure time is inserted first. TIMO also generates a
separate text file containing performance parameters for the new timetable.
TIMO currently uses time windows for departure from the origin yard and arrival at the
destination, when modifying train paths in a timetable. This restricts how much each train path
can be moved. We have found that the creation of time windows is feasible in a rail yard
management perspective. There are several aspects related to the marshalling process that
constrain the time window size. By using relatively small time windows in relation to the total
runtime of the train, we assume that TIMO generates realistic timetable modifications. TIMO is an
ongoing work and LiU plans to further develop the module, with the aim to enable other types of
timetable modifications. Effects of changing order, in which the train paths are reinserted, has yet
not been investigated. This will, however, be further explored in a coming phase of the TIMO
development. An experimental case with timetable data from the railway stretch between Mjölby
and Hallsberg, the northernmost section of the railway between Malmö and Hallsberg, is currently
ongoing. Later, TIMO will also be tested with data from the entire route, starting at Malmö
marshalling yard.
The demonstrator presented in this deliverable and the considered planning functionalities will be
evaluated and demonstrated within the next coming deliverable (D.3.4) of this work package and
further elaborated in the framework of Fr8Rail III WP2 “Real Time Network Management”
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