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Executive Summary 
Deliverable D 3.4 ά5ŜƳƻƴǎǘǊŀǘƻǊ ƻƴ LƳǇǊƻǾŜŘ tƭŀƴƴƛƴƎ - ±ŜǊƛŦƛŎŀǘƛƻƴ ƻŦ 5ŜƳƻƴǎǘǊŀǘƻǊǎέ is a result 
from the Shift2Rail IP5 project Fr8Rail II WP 3. The main purpose of the deliverable is to verify the 
demonstrators developed in the project. There are two demonstrators: the simulation 
demonstrator and the intelligent planning demonstrator. The simulation demonstrator consists of 
the Swedish Proton Model, RailSys and a railML converter, and the intelligent planning 
demonstrator consists of the research platform M2, and the timetable modification module Timo. 
Data was transferred between M2 and Timo in an extended RailML format.  
 
Chapter 2 presents the verification method and results for the simulation demonstrator based on 
Proton. Proton is a macroscopic simulation tool that can simulate large networks. The simulation 
demonstrator was tested on scenarios pertaining to disruptions caused by either infrastructure  or 
vehicle degradation, and the Proton simulation results are in line with historical data and 
simulation results from the microscopic simulation tool RailSys. The simulation demonstrator was 
presented to practitioners during a workshop, and the practitioners thought the macro-simulation 
functionalities would be valuable when e.g. working with maintenance possession planning, 
evaluating the working timetable or when evaluating substantial traffic changes. The main 
challenges identified are that the macroscopic model cannot detect all resource conflicts, and that 
a conflict-free timetable must be provided to the demonstrator as input.  
 
Chapter 3 presents the verification method and results for the intelligent planning demonstrator 
comprising M2 and Timo. The main benefit of M2/Timo is that train paths can be automatically 
generated. In FR8RAIL II WP3, M2/Timo was tested in scenarios where a new train path has to be 
generated for operational reasons, e.g. when a yard cannot receive a train as originally planned. 
The scenarios specified in the requirements document can be run in the intelligent planning 
demonstrator and reasonable train paths are returned. However, more thorough feasibility checks 
show that the train paths generated by Timo break some timetabling rules. The intelligent planning 
demonstrator was presented to practitioners during a workshop. The functionalities 
demonstrated were deemed useful and many areas of application were suggested, e.g. in the Ad 
Hoc planning process, for maintenance possession planning, when replanning close to operations 
and to improve a given timetable. The main challenges identified were how to select the objective 
function, and whether the method would scale to larger problem areas. In addition, similarly to 
the Proton simulation demonstrator, the M2/Timo intelligent planning demonstrator is based on 
a macroscopic model and will therefore not detect all resource conflicts.  
 
In chapter 4, conclusions and future work are presented. We conclude that the functionalities 
demonstrated are of interest to practitioners. The practitioners thought the functionalities could 
be used during strategic and tactical planning, but also for planning close to operations. Further, 
the functionalities would be useful both for traffic planning and maintenance possession planning. 
A final conclusion is that the current railML-standard does not cover all data needed for defining 
a macroscopic timetable planning problem. 
 
The next step for Trafikverket is to prioritize between different useful areas for the models Proton 
and M2/Timo. For selected areas, the models can then be further developed. Both M2/Timo and 
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Proton are and will be used in current FR8RAIL III project. 
 
There are some unresolved questions regarding which abstraction level that is appropriate for 
different tasks, and how to adjust the level of abstraction depending on the problem at hand, and 
more research is needed in this area. It would also be beneficial to connect the two demonstrators, 
especially if the M2/Timo demonstrator could provide Proton with the conflict free timetables 
required as input.  
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Abbreviations and Acronyms  
 

Abbreviation 
/Acronyms 

Description 

DB Deutsche Bahn 

KTH KTH Royal Institute of Technology 

LiU Linköping University 

LU Lund University 

M2 Timetable planning framework 

IM   Infrastructure Manager  

Proton Punctuality and Railway Operation Simulation 

RISE Research Institutes of Sweden 

RU Railway Undertaking 

Timo Timetable modificator 

TRV Trafikverket (Swedish Transport Administration) 

WP Work Package 
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1 Background 
¢Ƙƛǎ ŘƻŎǳƳŜƴǘ ŎƻƴǎǘƛǘǳǘŜǎ 5ŜƭƛǾŜǊŀōƭŜ оΦп ά5ŜƳƻƴǎǘǊŀǘƻǊ ƻƴ ƛƳǇǊƻǾŜŘ ǎƘƻǊǘ-term planning and 
daily planning with improved interaction IM ς w¦ ƛƴŎƭǳŘƛƴƎ ƴŜǘǿƻǊƪ ŀƴŘ ȅŀǊŘκǘŜǊƳƛƴŀƭǎέ ƻŦ ǘƘŜ 
Shift2Rail IP5 project FR8RAIL II. The document reports results from tasks T3.1.5 and T3.1.6.  
 
As the title of the deliverable suggests, the aim of this report is to verify the demonstrators 
developed in previous tasks. To verify the demonstrators we must provide evidence that the 
demonstrators fulfil the demonstrator requirements specified in D3.3 Requirements for a Decision 
Support Tool [1]. The work in FR8RAIL II has been focussed on two separate demonstrators: the 
Proton demonstrator and the M2/Timo demonstrator. The first demonstrator is a simulation 
demonstrator, which consists of the Swedish Proton Model, RailSys and a railML converter. The 
second demonstrator is an intelligent planning demonstrator consisting of two modules, a data 
storage and visualisation module called M2 and a timetable modification module called Timo. In 
previous reports the two demonstrators were called modules, but in this report we use the word 
demonstrator rather than module to differentiate between the demonstrators (simulation 
demonstrator and intelligent planning demonstrator) and modules (M2, Timo, Proton). Originally, 
all three modules were supposed to be connected and form one demonstrator, but as specified 
by the limitations in section 2.2.4 of deliverable 3.3 άwŜǉǳƛǊŜƳŜƴǘǎ ŦƻǊ ŀ 5ŜŎƛǎƛƻƴ {ǳǇǇƻǊǘ ¢ƻƻƭέ 
[1], the simulation demonstrator and the intelligent planning demonstrator will not be connected.  
 
To verify the demonstrators, two sets of tasks have been performed. The first set of tasks concern 
the functioning of the demonstrators and includes: (1) checking if the scenarios described in 
Deliverable 3.3 [1] can be handled, (2) verifying the results produced by the demonstrators, and 
(3) checking if the railML format has been followed.  For the Proton demonstrator, the second 
subtask (verifying the results) constitutes checking if the Proton simulation results are in line with 
output obtained when simulating the same scenario in RailSys and, when feasible, comparing the 
results with historic data. For the M2/Timo demonstrator the second subtask constitutes checking 
if the timetable planning rules are fulfilled. The second set of tasks are performed to verify that 
the demonstrated functionalities would be useful in real operations. These tasks are (4) presenting 
the demonstrators and their results to practitioners at workshops to get their feedback, and (5) 
graphically plotting the results to visually analyse their feasibility.  

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 and 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 ς 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 
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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 T3.1.5 and T3.1.6. The descriptions from the Grant 
Agreement for these tasks are stated below. 
 
Task 3.1.5 Development and Integration of Demonstrator for Improved Timetable Planning 
Development of the demonstrator and a plugin interface according to the specification. The 
demonstrator shall be loaded with data for simulation scenarios. 
 
Task 3.1.6 Verification of the Demonstrator 
Verification of the demonstrator for scenarios defined in Task 3.1.21. The demonstrator will be  
verified  in  combination  with  RailSys  simulations  and  historical  data.   
 

1.3 Outline of Deliverable D3.4 
The report is outlined as follows. Chapter 2 describes the verification of the simulation 

demonstrator. It starts with an overview of the simulation demonstrator in chapter 2.1 followed 

by an outline of the verification methods in chapter 2.2. Finally, the results from the verification 

are reported in chapter 2.3. Chapter 3 describes the verification of the intelligent planning 

demonstrator. The structure of this chapter is the same as for chapter 2 (overview, methods and 

results). Chapter 4 provides conclusions based on the verification results and suggests future work.   

                                                      
1 The scenarios defined in Task 3.1.2 are outlined in Chapter 2.2.1 and 3.2.1. They were originally described as use-
cases in  D3.3 Requirements for a Decision Support Tool [1]. 
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2 Verification of the Simulation Demonstrator 
One way of evaluating or predicting the performance of a railway system is to use simulation. 
Depending on the application it could be used as a support tool for planning on different time 
horizons, for example the annual and short-time timetable planning, and give predictions for on-
time performance and other measures. With an estimate at hand, it is possible to consider 
whether something can be done to improve the performance (overall or for some specific trains). 
Assuming a simulation tool is fast enough but still reliable it may also aid in the daily planning and 
improve the coordination between yards/terminals and the line network. 
 
The core in the simulation demonstrator is Proton (Punctuality and Railway Operation Simulation) 
and it 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 works can be found in Zinser et. al. [2]. DB is the main developer of 
Proton, but there is a Proton version for Sweden maintained by Trafikverket. There is currently a 
small number of users (less than 5) using Proton at Trafikverket, KTH and LU. It is the Swedish 
Proton version that is used in the demonstrator. This version is from September 2019 and the 
management of input data is adapted to data sources in Sweden.  The verification of the simulation 
demonstrator is done by comparing results from Proton simulations with corresponding 
simulations in the microscopic simulation tool RailSys. Currently, Trafikverket uses RailSys as its 
primary capacity evaluation and simulation tool.   

2.1 Overview of the Simulation Demonstrator 
As previously mentioned, the main part in the simulation demonstrator consists of the Proton 
core. Relevant input files (data) must be prepared before a simulation can be initiated. The main 
input is the timetable and the corresponding infrastructure. An overview of the main steps of the 
simulation demonstrator is given in Figure 1. Different scripts are required to convert and create 
input files to Proton and to process output data for evaluation, but these intermediate steps are 
not shown in detail.   
 
Timetable, infrastructure, and train model data is exported from RailSys. It can be based on the 
national Swedish RailSys model or taken from some other RailSys model. This data is converted to 
Proton formats. Technical running time templates are generated for the macroscopic edges (i.e., 
links between location nodes).  A running time template consists of four minimum technical 
running times per edge, and which minimum running time should be used depends on whether 
the train stops at (any of ) the edge nodes. A script generates a set of train variants for import into 
RailSys in which a running time calculation is performed, the trains are then exported, and another 
script generates all the necessary driving time variants and produces a file for Proton. 
 
There is also a possibility of defining a table of infrastructure restrictions if there should be, for 
example, speed restrictions of a certain duration on some edges or if there is a reduction in the 
number of available tracks on edges, for example that one of the two tracks on a double track 
section is not available. These types of restrictions are defined with start and end times together 
with corresponding dates.              
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Figure 1: Overview of the simulation demonstrator with Proton as the simulation engine.  

To achieve variation from scheduled train initiation times as well as to model primary delays during 
station stops (dwell) and during run time (on edges), different types of distributions are needed as 
input for the simulation. Since a real timetable is used as reference in the verification it is natural 
to base the distributions on historical data from the same period. This data holds train passage 
registrations for operational control points. ¢ƘŜ ǎǘǊǳŎǘǳǊŜ ƻŦ ǘƘƛǎ Řŀǘŀ ƛǎ ǎǳŎƘ ǘƘŀǘ ƛǘ ŎŀƴΩǘ ŘƛǊŜŎǘƭȅ 
be used in simulations when it comes to modelling primary delays on edges, i.e. when trains run 
from node to node. The work of finding appropriate primary delay distributions for use on edges 
in the simulations is done in D3.3 of the PLASA-2 project [3]. The same timetable network is used 
now, hence the same delay distributions are used for the simulation demonstrator verification in 
this deliverable. 
 
The Proton simulation produces output data, mainly timestamps for train arrivals and departures 
in the respective simulation cycles. Different scripts are used for handling the output data and 
calculating different types of statistics for evaluation groups or individual trains. With the help of 
these it is also possible to plot a graphical timetable, showing both scheduled and simulated train 
paths or just one of them. To some extent this has also been part of the verification since a 
graphical timetable provides a relatively good overview of the train runs. However, this has more 
the character of random checks because it is realistic to only look at a few selected cycles.    
 
A separate converter module has been developed with the aim of being able to convert Proton 
output data into a subset of an extended railML format that is also used by the intelligent planning 
demonstrator. The railML converter is a first step towards connecting the two demonstrators, but 
as described in other parts in this report, the simulation demonstrator and the intelligent planning 
demonstrator have not been linked together at this stage. 
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2.2 Verification Methods for the Simulation Demonstrator 
The Proton simulation demonstrator is verified against historical data and RailSys for the reference 
scenario which does not contain any specifically set infrastructure restrictions or modelling of 
specific disruptions. The test scenarios, on the other hand, do contain specific disruptions that can 
arise from track maintenance activities or plain infrastructure errors. These scenarios are verified 
against RailSys. Data for identifying these types of events and relate them to the historical train 
passage data has not been available. It is also unclear whether it would be possible to find good 
enough examples that would be suitable for creating simulation scenarios even if this type of data 
were available. The measure of performance parameter chosen for comparing the simulated 
scenarios in Proton and RailSys is how much the punctuality, measured on a 5 minute level, drops 
(changes in percentage points) for the relevant train groups.  

2.2.1 Verification of Test Scenarios 
The test scenarios are presented in FR8RAIL II D3.3 [1]. The simulation demonstrator has already 
been tested with these scenarios with the aim of investigating the functionality in Proton and the 
associated input data management for modelling these scenarios. There are five test scenarios in 
total, four of which are related to infrastructure restrictions or disruptions (Scenario 1ς4) and one 
(Scenario 5) which is related to a change or error in rolling stock performance for chosen trains 
resulting in systematic delay increase due to a mismatch between operational and scheduled train 
performance. Scenario 1-4 are described in Figure 2. 
 
In scenario 1, infrastructure restrictions reducing the number of tracks from two to one along with 
speed reductions to 40 km/h are defined for two edges on two different locations. 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 long distance, but the actual track possessions are activated according to the track 
maintenance plan for that date. The time intervals for maintenance windows vary depending on 
location and day of week, but typically on this type of main line with many trains of varying 
categories the time intervals are set to night time. 
 
Scenario 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. 
 
Scenario 3 models an unforeseen infrastructure error at a location which affects all passing trains 
during the defined time, which in this scenario is five hours. A systematic disturbance in form of a 
run time extension is imposed on all trains, the extension is around six minutes. This type of 
systematic disturbance could typically be caused by a signal error, all trains are forced to a stop at 
a red signal and require authorisation to pass the signal at stop. 
 
Scenario 4 also models an unforeseen disruption, but this time a whole section (edge) is closed for 
one hour and no train can pass in any direction. This could be caused by a sudden infrastructure 
error like a track error, an overhead line fault or a major signal error. Some sort of action is required 
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before operations can resume with or without further restrictions. Another reason for this type of 
disruption could be a rescue or police operation. 
 
In Scenario 5, two freight trains between Hallsberg and Malmö freight yards (one in each direction) 
get systematic run time extensions on all edges. The run time extensions are chosen so that they 
ƎƛǾŜ ŀ ǾŀƭǳŜ ŀǊƻǳƴŘ мл҈ ƻŦ ǘƘŜ ǊŜǎǇŜŎǘƛǾŜ ǘǊŀƛƴǎΩ ƳƛƴƛƳǳƳ ǊǳƴƴƛƴƎ ǘƛƳŜ ƻƴ ŜŀŎƘ ŜŘƎŜΦ .ƻǘƘ ǘǊŀƛƴǎ 
also make several stops during their runs, both purely timetable technical stops but also one 
commercial stop. 
    

 

Figure 2: Four of the five test scenarios simulated in Proton and RailSys for verification.  
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2.2.2 Verification with RailSys 
All five test scenarios and the reference scenario are simulated in Proton and RailSys. Originally 
the timetable used here was imported into RailSys from the timetable planning tool TrainPlan used 
by Trafikverket. Since the Swedish Proton workflow has been set up so that timetable and 
infrastructure data is converted from RailSys, it is also logical to compare simulation results from 
both tools. However, it must be kept in mind that these tools model the train runs significantly 
different since RailSys works in a microscopic environment and Proton in a macroscopic 
environment. Although there are some common features in how the dispatching is performed in 
the tools, the implementation will naturally differ. 

2.2.3 RailML Verification 
To ensure that the data produced by the railML converter are well-formed and valid, the output 
of the converter has been verified using Notepad++ XML plugin against the combination of an XSD 
file (XML Schema Definition Language) for railML version 2.42, which encompasses a series of 
subschemas, and an additional XML schema (see 6 Appendix: Extension XML Schema) that serves 
as an extension of the standard railML schema. 
 
The need for an extension XML schema comes from the fact that the standard railML schema 
cannot handle all the data produced by the railML converter and used by the intelligent planning 
demonstrator. More details on this limitation are given in Section 3.2. The standard railML schema 
allows the implementation of an extension XML schema to create new elements and attributes, 
but only for limited locations in the railML file. 

2.2.4 Demonstration for Practitioners 
The demonstration was performed for simulation and capacity experts at Trafikverket and the 
purpose was to assess to what extent Proton is used in Sweden, and to discuss its potential and 
next steps for Proton in Sweden. 
 
The workshop included a presentation of Proton with both general information about the tool and 
information on its status at Trafikverket. A short demonstration of how the tool is used was 
presented.  Also, a brief description of ongoing and finished projects in Sweden where Proton is 
used was given. 
 
The workshop part consisted of some open-ended questions and points being presented to create 
a discussion about these, relating to possible areas of use for the demonstrator. Areas discussed 
were, among others, strategic planning, tactical planning, the ad-hoc process and possession 
planning. 

2.3 Verification Results for the Simulation Demonstrator 
This section presents results from the verification of the simulation demonstrator. The first part of 
the results includes findings from the assessment of Proton in comparison with RailSys for the 
presented test scenarios. The second part is to confirm that the railML converter generates files 

                                                      
2 Information on railML is available at railML.org. 
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that follow the standards of railML data format.  

2.3.1 Verification of Test Scenarios 
The aim is that the settings and input data are managed so that both Proton and RailSys have 
similar conditions, as far as possible. In addition to being two completely different tools, there are 
some differences regarding the handling of input distributions and their allocation to trains. In this 
phase, the focus is primarily to check how small or large the differences are between the different 
tools. For now, the punctuality on the 5 minute level is checked. 
 
Before the scenario specific simulations, reference simulations are run (200 cycles) in Proton and 
RailSys (Figure 3). These represent a normal scenario without any specific infrastructure 
restrictions or disturbances. The punctuality is measured at the end location for each train. The 
simulations from both tools are in good agreement with historical data. Punctuality for freight 
trains differ with 3ς4 % points. However, this is not unexpected given the high variance in freight 
train operations. 
 

 

Figure 3: Aggregated punctuality on 5 minute level at end locations for freight and passenger 

trains shown for historical data and from simulations with Proton and RailSys. 

The simulated test scenarios (1ς4) are evaluated by checking which trains, according to the 
schedule with addition of a time margin before and after, are directly affected by the infrastructure 
restriction or disturbance which is applied in each scenario. The selected trains are split into freight 
and passenger trains and the same groups are checked from both simulation outcomes. In 
scenario 5 there are only two freight trains that are imposed with systematic run time extensions, 
and therefore results are only reported for these two trains. Figure 4 shows the simulated 
punctuality differences (punctuality drops) for each scenario. The difference is taken relative to 
the reference scenario (without scenario specific restrictions or disturbances) for the same trains. 
As in Figure 3, the punctuality is measured the end location for each train. The results show that 
both tools give similar punctuality drops in most scenarios.   
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Figure 4: Simulation results for selected train groups in scenario 1ς5. The values show drops in 

punctuality. The number of freight and passenger trains in the compared groups are indicated 

on x-axis (freight/passenger) for scenario 1ς4.  

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

2.3.2 RailML Verification 
The validation of the railML converter output against the railML schema and the additional 
ŜȄǘŜƴǎƛƻƴ ·a[ ǎŎƘŜƳŀ ǇŀǎǎŜǎ ǿƛǘƘƻǳǘ ŜǊǊƻǊǎΦ ¢Ƙƛǎ ǊŜǾŜŀƭǎ ǘƘŀǘ ǘƘŜ ŎƻƴǾŜǊǘŜǊΩǎ ƻǳǘǇǳǘ ŦƛƭŜ Ŧƻƭƭƻǿǎ 
the standards of the railML schema, and that the additional elements and attributes are created 
in locations that are allowed by the standard railML schema.  

2.3.3 Results from Demonstration for Practitioners  
Proton in Sweden has, so far, been used in research projects. The purpose has been to gain user 
experience in setting up a model including relevant input data and to use the tool in test cases. If 
most of the input data needed by Proton can be converted or generated from already existing 
sources, then the great potential that can be seen with Proton is the speed of the simulations and 
the ability to simulate large networks. The continued work in Sweden is to build up more 
experience of Proton use. 
 
The practitioners recognized that the setup time for simulations in Proton is much faster than for 
an equal sized simulation in RailSys, but since the current Swedish application is that timetable 
and infrastructure for Proton is converted from RailSys-data, some preparatory work is required 
in RailSys anyhow. However, the aim is not to use Proton for doing the same types of evaluations 
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that are currently done using RailSys, but instead take advantage of the fact that Proton is oriented 
towards simulation of large networks. 
 
Some concern was expressed that the currently installed version of Proton at Trafikverket does 
not model crossing movements in stations. Here it was pointed out that the behavior is somewhat 
similar as in the current timetable planning tool TrainPlan, which does not indicate these types of 
conflicts. As a reply it was mentioned that newer versions of Proton have moved to handling 
station track layout to a certain degree and that the modelling of train movements is improved. 
 
A question was whether Proton can handle input that is not in form of a finalized timetable with 
conflict free or almost conflict free train paths but instead more of a prognosis type with 
frequencies and stopping patterns for specified train categories. One finding is that if a tool like 
Proton could get timetables from a timetable generator (another tool), the combination of these 
tools could be a powerful package. 
 
A specific question came about whether it is possible to use negative values as edge delays so that 
trains can run faster than planned (down to their minimum time), even if they are on schedule, to 
reflect real operations better. This is one of many things that can be tested or checked in a 
forthcoming project dealing with Proton and its use in Sweden. 
 
Relating to early running freight trains (i.e. trains are ahead of schedule and not on their scheduled 
paths), it was discussed that an interesting task would be to evaluate to what degree the train 
paths left free by early running freight trains are used by other trains also deviating from schedule. 
¢ƘŜ ƎŜƴŜǊŀƭ ǉǳŜǎǘƛƻƴ ƛǎ ǿƘŀǘ ƛƳǇŀŎǘ ŜŀǊƭȅ ǊǳƴƴƛƴƎ ŦǊŜƛƎƘǘ ǘǊŀƛƴǎ ƘŀǾŜ ƻƴ ƻǘƘŜǊ ǘǊŀƛƴǎΩ ǇǳƴŎǘǳŀƭƛǘȅΦ 
A more in-depth analysis of this would be desirable since this issue is brought up from time to 
other at Trafikverket. 
 
The usefulness of Proton during early stage possession planning, in the so-called TPÅ-process, was 
also discussed. In particular, the practitioners were interested in knowing if Proton could be used 
for testing assumed restrictions against accessibility requirements. It was pointed out that if the 
restrictions are large, a modified (reduced) timetable is probably needed, and this must be 
designed in some other tool and then converted since Proton does not produce or generate 
timetables by itself. If timetables exist, simulation can then be used for checking the effect on 
punctuality from the track and/or speed restrictions resulting from one or multiple maintenance 
work sites. 
 
Another question was how Proton reacts if given a timetable that has some conflicts, in our case 
line conflicts, given that detailed movements in stations are not modelled. This relates to the 
remark about using prognosis timetables (without details) as input. This behavior can be tested. 
 
It was also discussed if and how Proton could be used for evaluating whole train plans (like the 
annual working timetable). One problem for this evaluation ƛǎ ǘƘŀǘ ǿƛǘƘ ǘƻŘŀȅΩǎ ǿƻǊƪƛƴƎ ƳŜǘƘƻŘǎ 
there will rarely be different proposed timetables to simulate and if there are, their differences 
will probably be so small that a full network simulation would not indicate any clear difference in 
performance. This is a general problem in these types of analyses, small differences are likely to 
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be consumed by the total general noise. A setup in Proton should be calibrated and validated 
accordingly so that the results are credible. Some work relating to this was done in PLASA-2 but 
on a quite aggregate level. This type of work should be done more carefully in forthcoming 
projects.  Again, the question about getting a timetable generator in the future relates to this. How 
such a tool would be designed to, on large scale, handle different requests and constraints was 
not discussed further. However, it was recognized that it would be challenging. Proton can be used 
to simulate many timetables for many replications/cycles (assuming timetables are created from 
elsewhere). 
 
In practice, many disputes during the timetable design process are about conflicts between two 
trains belonging to different operators. The question is then whether something could be said 
about expected punctuality of the trains in question and perhaps surrounding trains by removing 
one or the other. As a response to this it was pointed out that a tool like Proton is probably not 
particularly suitable for these types of cases but more for assessing substantial traffic changes, for 
example, to assess how increasing the number of freight trains by  10% would affect the 
performance. 
 
Another question that emerged in the workshop was whether Proton could be used for simulating 
a set of ad hoc application train paths roughly adapted to the existing timetable. It was pointed 
out as a response to this that this type of analysis would be better suited for M2/Timo (intelligent 
planning demonstrator) and that ProtonΩǎ ǎǘǊŜƴƎǘƘ όǎƛƳǳƭŀǘƛƻƴ demonstrator) is the ability of 
simulating large networks quickly. It is important to arrive at how these demonstrators (tools) best 
can complement each other to take full advantagŜ ƻŦ ǘƘŜƳΦ CǊƻƳ ¢ǊŀŦƛƪǾŜǊƪŜǘΩǎ ǇŜǊǎǇŜŎǘƛǾŜ ƛǘ ƛǎ 
important to find out what the respective tools can handle and how they can be used to contribute 
to solutions to specific issues that Trafikverket must deal with. When it comes to Proton the 
cooperation with DB (DB Analytics) is of great importance. 
 
Proton is likely to be given the same IT security category as RailSys by Trafikverket, maybe even 
lower due to the macroscopic characteristics (lack of detail). If this is the case it will be well suited 
for research purposes since that allows results from simulations to be published without concerns 
or limitations. However, this is currently an ongoing process inside Trafikverket. 
 
Trafikverket pointed out that it is interesting if the tool(s) are able of giving prognoses of 
punctuality in short and long term for timetable changes and/or from restrictions arising from 
track possessions etc. 

3 Verification of the Intelligent Planning Demonstrator 
This chapter describes the verification of the intelligent planning demonstrator. First, an overview 
of the demonstrator is given. Then the method for verification is described and finally the results 
are presented. 

3.1 Overview of the Intelligent Planning Demonstrator 
The intelligent planning demonstrator performs several types of short-term timetable 
modifications. It consists of two modules: M2 and Timo (see Figure 5). The actual timetable 
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modifications are performed by Timo, while M2 lets the user specify the modification problem (in 
a graphical user interface where timetables are visualized) and provides Timo with a conflict-free 
timetable, infrastructure data and parameters for the modification. M2 transfers the conflict-free 
timetable and the infrastructure data to Timo in the extended railML format (see Section 2.2.3 and 
Section 3.2.3). The modification parameters are transferred to Timo as command-line parameters. 
When the modification has been performed, Timo transfers the resulting timetable and KPI values 
back to M2 in the extended railML format, where the results are shown in the user interface (see  
Section 3.2 for more information on the KPIs). More detailed information about the processing 
performed by the intelligent planning demonstrator can be found in FR8RAIL II WP 3 D3.3 [1]. 
 
In the future, the functionalities demonstrated by M2/Timo may be used to improve the 
interaction between Trafikverket and RUs. Currently, the M2/Timo platform is not used by 
Trafikverket employees, but Trafikverket discusses potential research areas and use cases with the 
universities and research institutes working with M2/Timo.  
 
 

 

Figure 5: The intelligent planning demonstrator 

3.2 Verification Methods for the Intelligent Planning Demonstrator 
This section describes the methods used for verifying the intelligent planning demonstrator. The 
verification has four parts: one for verifying that the module can handle the previously defined 
test scenarios, one for verifying that the timetables produced by the module are feasible, one for 
verifying that the extended railML format has been correctly used and finally one for verifying that 
the methods are of interest to practitioners. 

3.2.1 Verification of Test Scenarios 
We will test the intelligent planning demonstrator using several test scenarios as identified in 
FR8RAIL II D3.3 [1]. These test scenarios are in brief: 

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

departure time. The new timetable must adhere to some defined departure time window, 

and possibly some arrival time window for that train. We may define how (and which) other 

trains can be moved to accommodate the altered train. 

b. Changed arrival time of a train: changes at the arrival yard led to a new preferred arrival 

time. The new timetable must adhere to some defined arrival time window, and possibly 
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some departure time window for that train. We may define how (and which) other trains 

can be moved to accommodate the altered train. 

c. Changed runtime of a train: changes to, e.g., the train load or locomotive type, led to a new 

minimum runtime, which yields a new running time template for the train. The new 

timetable must adhere to some defined arrival time window, and possibly some departure 

time window for that train. We may define how (and which) other trains can be moved to 

accommodate the altered train. 

d. Add train to timetable: a new train needs to be added to the timetable. The new timetable 

must adhere to some defined arrival and departure time windows for that train. We may 

define how (and which) other trains can be moved to accommodate the added train. 

After the user selects a timetable, line, scenario type and a time period, M2 produces a conflict-
free timetable based in an input timetable, compiles input data and parameters for the timetable 
modification, passes them in railML format to Timo and starts Timo. Timo, after reading input data 
and parameters for the timetable modification, will then modify the original timetable and 
produce output data in railML format τthis constitutes the new, modified timetable. The modified 
timetable output by Timo is read by M2, and a graphical version of the two timetablesτthe 
original timetable and the timetable modified by Timoτare displayed. For small timetable 
problems it is feasible to let M2 generate the original conflict-free timetable on the go, but for 
large problems the conflict resolution step in M2 can take a long time, and it may be preferable to 
start from a previously generated and saved conflict-free timetable.  
 
We will use the graphical timetable representations to verify that Timo achieves the initiated 
changes according to the test scenario. For example, for test scenario 1, we check whether the 
departure time of a considered train was changed according to the chosen parameters. The 
graphical representation will also be used to verify that the scenario parameters, e.g., the time 
windows from which trains can be moved for the modified timetable, are met. Hence, this step 
verifies the applicability of our new planning algorithms for short-term timetable (re)planning. 
 
For each modified timetable three KPIs are returned: bottleneck robustness, departure deviation 
and runtime deviation. 
 
We measure the minimum bottleneck robustness of all inserted train paths: the minimum 
temporal distance between the departure time of an inserted train and the departure time of a 
preceding or succeeding train at a station. The minimum is taken over all stations, all inserted 
trains and all pre-/succeeding trains. A larger minimum bottleneck robustness indicates that 
disruptions to inserted trains will spread to the full network less than with a smaller bottleneck 
robustness. 
 
Moreover, we compute the total deviation in departure times for all modified trains, that is, we 
sum up the absolute value of deviation between original and new departure time from each 
station.  
 
Finally, we compare the original and new runtimes, and compute the relative changes in total 
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runtime. We sum the quotient of runtime change and original runtime for all modified trains, and 
divide this sum by the total number of modified trains.  
 
A small total deviation in departure times yields small relative changes in total runtime. However, 
a large total deviation in departure times must not yield large relative changes in runtime, as we 
might have simply shifted the train paths in time, which would result in the same runtimes, but 
large departure time deviations. 
 
Moreover, we need to verify the feasibility of the modified timetable. Timetable feasibility is 
constrained by several criteria, see Section 3.2.2, and we will verify that the new timetable meets 
all those criteria of feasibility.  

3.2.2 Timetable Feasibility 
A timetable is considered conflict-free, or feasible, if it adheres to a set of timetabling rules. The 
purpose of the rules is to ensure that it is physically possible to operate trains in accordance with 
their train paths. There are also some timetabling rules for ensuring a level of robustness, i.e. that 
the timetable can withstand small operational variations without resulting in conflicts or delays. 
 
While M2 and Timo are separate modules, they should both enforce a set of timetabling rules, and 
to verify this, we will check for feasibility according to: 

- Train headway. A minimum temporal distance between consecutive trains is kept at all link 

arrivals and departures. The distance depends on which link the trains travel on and may 

depend on if they cross/overtake  or stop at any of the neighbouring stations. 

- Train speed. All trains are assigned a speed that they can achieve given their planned stops. 

There exist four different minimum running times for moving between two stations 

depending on the stop pattern: passing both, stopping at both, stopping at the first and 

accelerating, stopping at the latter and decelerating to that stop.  

- Dwell times at stations. Applicants have specified a minimum requested dwell time that 

should be respected. 

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

- Meetings and overtakings. Train meetings and overtakings take place at appropriate 

locations, e.g. at stations or where there are special crossing tracks. Meetings can also take 

place on double track links as opposing trains run on different tracks. 

- Station capacity is respected.  

3.2.3 RailML Verification 
The combination of standard and extension XML schemas that was used for verification of the 
railML data produced by the simulation demonstrator railML converter (see Section 2.2.3) has 
been used also for verification of the railML data produced by M2 and Timo. The verification has 
been performed using the tool XML Starlet. The use of this extended railML format solves the 
problem that standard railML cannot handle all the data that need to be transferred from M2 to 
Timo and vice versa. Specifically, standard railML cannot handle some information that is needed 
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