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 Management Summary 
In order to enhance a European network for competitive rail freight, Regulation (EU) 913/2010 

stipulates the implementation of initial rail freight corridors and measures to improve the competitive 

situation of the rail freight transport on these corridors. 

There is a broad range of aspects to be considered ranging from the expansion of infrastructure 

capacities by building new lines or technically upgrading existing sections, the harmonisation of 

operational rules and border crossings and the creation of international capacity and timetable offers 

that are very closely aligned to customer requirements. The strategic goal is to increase the 

attractiveness of rail freight and to support modal shift from road to rail. 

In order to reach this target, this study was elaborated to support the Baltic-Adriatic Rail Freight 

Corridor (RFC BAC), and potentially other corridors, for an improved cross-border managing of 

capacity, resources and service offers in the future, by drafting, assessing, developing and testing a 

completely new approach for international coordinated train path and capacity planning considering 

two time scenarios "2022" and "2030". 

The first step was the elaboration of a corridor knowledge base in order to receive a general picture 

on the relevant RFC BAC infrastructure including terminals and rail yards. Information was assessed to 

perform an analysis of the corridor infrastructure. To complete this picture, relevant extension and 

upgrade measure were analysed and assed considering their completion dates. Additionally, 

administrative and operative bottlenecks were gathered and an assessment of operational processes 

and hindrances, in particular for cross-border operation was carried out, as far as these have an 

influence on the capacity planning. 

In parallel, the relevant market segments (commodities) and transport relations, including specific 

customer requirements, were identified based on a dedicated customer survey and presented in 

origins and destinations (O/Ds) along the RFC BAC for the scenarios 2022 and 2030. The requirements 

regarding e.g. train parameters, departure times, transport times were summarised in a so-called 

“Paths Quality Model” to improve the matching between customer requirements and a future 

optimised path offer to use the available RFC BAC capacity in an optimised way. 

An important work step for drafting and simulating a future integrated international path planning and 

management process, which takes into account any kind of Temporary Capacity Restrictions (TCR), was 

the definition of functional and technical requirements for a potential tool supporting international 

timetable projects and a survey of existing systems currently in use in Europe. This step was supported 

by several workshops with the infrastructure managers (IMs) about the capabilities of planning 

systems and to assess, which data could be provided within the study. Based on the results it was 

assessed whether the envisaged testing could be done with an existing tool and whether there were 

modifications needed to carry out a proof-of-concept in the study. The selected TPS-system, which is 

normally used for complete national timetable production, was provided free of license costs for the 

purpose and timeframe of the study. As part of the test in the study, the TPS system was fed with the 

necessary data to build up a detailed cross-border infrastructure model. This respective 

comprehensive data and parameters had to be provided by the RFC BAC’s IMs, considering also 

important infrastructure projects. Additionally, information on existing and planned capacity  
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utilisation by passenger and freight trains on the relevant RFC BAC infrastructure was used to define 

and prepare the scenarios 2022 and 2030. Path requests for the additional trains identified in the 

customer survey were used to demonstrate the functionalities of an international timetable and 

capacity planning on the “digital twin” of the RFC BAC rail net. This included cross-border use cases for 

automated route and slot finding, and re-routing (also ad-hoc) in case of Temporary Capacity 

Restrictions (TCRs), showing in-real time any conflicts to be handled on the complete corridor. 

Experiences and results for the usage of the timetable tool were described on two levels. Firstly, the 

challenges and requirements identified for this first time ever carried out exercise and, secondly, the 

results for the concrete timetabling and timetable optimisation process for additional trains in 2022 

and 2030. 

Finally, recommendations and conclusions were derived and presented in the final management 

meeting, followed by an additional workshop with the timetabling experts of the RFC BAC IMs in which 

the dedicated tool has been presented more in detail and agreed use cases were performed. 

Conclusively, it was agreed that this study has successfully proven the capabilities of a modern cross-

border timetable and capacity planning tool, which allows thoroughgoing integrated planning and 

management of paths and TCRs for all planning horizons in one tool. 

The following chapters provide short summaries of the most relevant activities. 

 Comprehensive collection of general and specific 

microscopic data for the corridor 
The gathering of data built an important fundament for the execution of this study. The collection of 

general data was focussing the corridor rail lines with their relevant infrastructure parameters: 

 RFC line category; 
 Axle load; 
 Electrification; 
 Signalling system; 
 Intermodal freight code; 
 Train length; 
 Train speed; 
 Gradients  

This general analysis has been carried out based on the defined sectioning according RNE Customer 

Information Platform® (RNE CIP1). It has to be noted, that this sectioning and assignment of parameters 

is not detailed enough for the setting up of an international infrastructure and timetable model for the 

purpose of the study, therefore in parallel microscopic data for the selected demonstration model 

were gathered. 

 

 

                                                           
1 RNE CIP 

https://cip.rne.eu/apex/f?p=212:65::::::
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In addition to the analysis of rail lines, an analysis of the relevant RFC BAC terminals and important 

sidings as well as marshalling and shunting yards were carried out based on a stakeholder survey and 

the usage of various publically available sources. Main focus of this investigation was to receive 

information on their ability to handle 740m long trains, the operation of electrified locomotives and 

the identification of relevant expansion projects for terminals.  

Another important aspect was the identification of relevant infrastructure projects in order to identify 

measures with a significant impact on capacity improvement for the defined scenarios 2022 and 2030. 

Conversely, the analysis of the projects also provided a first indication where infrastructure 

bottlenecks can be expected which are affecting the integration of additional train paths in the 

timetable. In addition, available information on current train loads was collected to receive an 

overview on the existing capacity utilisation and to deduct parameters for the model trains to be used 

in the study. All results were validated by the national IMs concerned. 

Complementary to the infrastructure bottlenecks, administrative and operational bottlenecks 

relevant for the operation of international freight trains on the RFC BAC have been identified and 

analysed (e.g. based on data elaborated in the framework of the European Interoperability Issues 

Logbook). Through the Issues Log Book, major hindrances to cross-border rail traffic were identified 

“bottom-up” by the rail sector. Furthermore, for the 11 RFC BAC Border Crossing Points (BCPs) the 

current situation in particular regarding dwell time on borders (planned and real average) and the 

relevant rules for prioritisation of trains have been analysed. 

Last important step of the general collection was the identification of the most relevant market 

segments and O/Ds along the RFC BAC and the definition of a “Paths Quality Model” to support the 

subsequent activities for the developing and simulating a new approach for international coordinated 

capacity planning. The identification of the most promising O/Ds was largely based on the results of 

the current Transport Market Study 2020 (TMS) supplemented with additional elaborations which 

were performed to ensure consistency with the data requirements of the Capacity Study. Therefore, a 

market enquiry was carried out to the main rail transport players to investigate expected 

developments and users’ preferences. In addition, an econometric analysis was made to supplement 

and cross-validate information obtained from respondents. Based on the estimates made and 

assuming 250 yearly operation days, 11 pairs of additional daily trains were identified on RFC BAC O/Ds 

by 2\022 and 65 pairs of daily trains by 2030 (involving a total of 63 different O/Ds). 

2022 PL CZ SK AT SI IT Total 

PL - 2 1 0 0 2 5 

CZ 2 - 0 1 1 0 4 

SK 1 0 - 0 1 0 2 

AT 0 1 0 - 0 3 4 

SI 0 1 1 0 - 0 2 

IT 2 0 0 3 0 - 5 

Total 5 4 2 4 2 5 22 

Table 1 - Number of additional daily services in 2022 (Details about O/D Terminals relations are provided in the full report) 

Source: Tplan elaboration based on data provided by the Infrastructure Managers and on RFC BAC 2020 Capacity Study Survey data 
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Table 2 - Number of 
additional daily services in 

2030 (Details about O/D Terminals relations are provided in the full report) 

Source: Tplan elaboration based on data provided by the Infrastructure Managers and on RFC BAC 2020 Capacity Study Survey data 

The “Path Quality Model” is looking on the train paths from a more flexible point of view, trying to 

improve the matching between customer requirements and service/path offer. In order to make the 

paths quality modelling exercise tailored to the RFC BAC, a survey involving the main corridor market 

players was performed. 

Figure: Collection of requirements from the rail stakeholders for the definition of a Path Quality model 

 
Figure 1 - Collection of requirements from the rail stakeholders for the definition of a Path Quality model 

Source: Hacon 

This survey was both aimed at supporting the analysis of the most promising O/Ds along the RFC BAC 

and the elaboration of the paths quality model by identify/weighting the set of most relevant items 

within the freight transport quality path model. 

 

 

 

 

 

Definition of a Path Quality model

Results

- Departure- and Arrivaltime  Journey time
net and gros)

- Detailed routing

Checking 
whether the 

requirements 
can be 

fulfilled

Framework 
conditions

Identified
most

promising 
ODs with

requirements

The requirements on path quality have been applied to the identified most 
promising O/Ds and for the assessment if the quality parameters can be 
fulfilled by using the timetabling tool:

• departure and arrival time of trains;

• travel time of trains;

• dwell time at borders and stations (including handling times);

• routing;

• maximum speed;

• transport capacity (length of trains / train weight)
Results

• Departure- and Arrival time  Journey time
(net and gros)

• Detailed routing

2030 PL CZ SK AT SI IT Total 

PL - 16 3 1 4 6 30 

CZ 16 - 5 5 4 3 33 

SK 3 5 - 1 3 1 13 

AT 1 5 1 - 5 8 20 

SI 4 4 3 5 - 0 16 

IT 6 3 1 8 0 - 18 

Total 30 33 13 20 16 18 130 
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Customer requirements Technical parameters rail line Existing capacity 

Needed: 

 train departure 

 train arrival 

 operational frequency 

 actual train weight 

 actual train length 

 type of loco 

 

Appreciated: 

 commodity 

 highest planned speed 

 loading gauge 

 dwell time for driver change 

 max. train length 

 max. train weight 

 max. length of wagons set 

 max. weight of wagons set 

 max. axle load 

 min. break weight percentage 

 electrification 

 max. gradient 

 permissive max. speed 

 min. radius 

 signalling system 

 loading gauge 

 gauge for CT 

 planned regional trains 

 planned long-distance train 

 planned frequent operating 
freight trains 

 already planned ad-hoc trains 

Table 3 -  Overview on parameters needed for a path study 

Source: Hacon based on stakeholder interviews 

 Functional and technical requirements for a tool 

supporting different timetable projects 
 

The analysis and specification of the functional and technical requirements for a system which 

complies with the needs of international timetabling and capacity management/analysis was an 

important and initial step towards the definition of systems suitable for the needs of the RFC BAC. 

This work was done based on the analysis and findings of the previous tasks and, in addition, based on 

the communication and consultation with various stakeholders. 

Considering the available findings, a list of the necessary functional and technical requirements for a 

respective system was compiled. In general, it can be differentiated between functions required for 

this initial pilot demonstration and functions required for a full operational use on the complete 

corridor at a later stage. Such operational production system shall then be able to create, plan, 

evaluate and optimise coherent through going international train paths, taking into account the 

respective valid infrastructure for the planned day/s of operation, including the continuously 

updated TCRs (temporary capacity restrictions). And, depending on the organisational setup, it shall 

allow several different Infrastructure Managers to work in a secured way on their national part of the 

international path in a non-discriminatory way, or if wanted staff of a joint international organisation 

(e.g. RNE, RFCs, …) can plan and manage the paths directly from origin to destination considering 

national rules and restrictions. 

This task took into account all necessary features for a path definition, including a wide range of 

attributes like for example: departure/arrival time, travel time, buffer times (to ensure quality 

specifications or robustness of a timetable), train length, train weight, dwell time at terminals (for 
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operational issues), dwell time for changing the driver, (including dwell time at borders) and even 

more.  

Any suitable system should be able to model the signalling systems of the respective corridor countries, 

and for a potential wider use later on, any of the other European signalling systems (incl. ETCS) in order 

to reflect the effective consumption of capacity. 

The list of necessary functional and technical requirements is not limited to the minimum capabilities 

summarised in the report of the feasibility study, but may be extended in detailed customer/supplier 

workshops usually organised at the beginning of a purchasing process. Therefore, the list is to be seen 

as basis for a tendering process, providing an overview of the state of the art system features required. 

(A) Functional requirements for a timetable production system 

 Management of infrastructure data preferably updated by ‘Digital Twin’ of the network 
infrastructure 

 Train path editor 
 Precise running time calculation 
 Consideration of temporary capacity and speed restrictions 
 Exact occupation calculation of headways 
 Management of different operational rules (minimum rules per country) 
 Conflict detection and visualization 
 Export functionalities for publication issues 
 Conflict resolution 
 Path request and booking functionalities for RUs (supported by workflow) 
 Automized path allocation 

(B) Technical requirements for a timetable production system 

 System components/architecture (e.g. Service Oriented Architecture-SOA, Human Machine 
Interface-HMI) 

 User, role and access rights management 
 Multi-user performance 
 Multi-user distributed coherent planning with shared / distributed responsibility and decision 

acceptance 
 Multi-tenancy capability  
 Web-server application  
 Web-based ordering system with supporting workflow  
 Interface for data exchange with national systems (secure updating of infrastructure and 

timetable data) 
 TAF/TAP TSI compliance 
 Supporting multi-lingual user interface 

 Overview of systems for timetable production in use by 

Infrastructure Managers in Europe 
Considering the results of the analyses of the functional and technical requirements, in a next step a 

survey on timetable production systems in Europe has been carried out guided by three questions: 

Firstly, is a tool available which is already offering most of the above identified functionalities? 

Secondly, has this tool proven its use in large scale productive implementations in at least four different 

countries, and therefore different framework conditions in Europe? Third and final question was: can 
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the intended test be done with such an existing tool considering free of charge usage and the required 

effort to build up the model in the limited time frame of the study?  

Outcome of this analysis was that for one existing tool these three questions could be answered in a 

positive way. Consequently, it was decided to perform the proof-of-concept phase with the TPS 

system which was already providing the vast majority of the required functions and is used in several 

countries in Europe, so that it comes with a natural approach of international use and flexibility for 

national specialities in one system.  

Nevertheless, it was examined if and how the selected system should be adapted to the specific 

requirements of RFC BAC, and more specifically for this study and a potential further productive use in 

daily business. There has been no need to develop any core functionalities as all the functions needed 

for the study are available in TPS, but due to the non-standardised provision of data from the various 

different national systems certain specific converters had to be developed. 

 Modelling process 
It was agreed with the purchaser to demonstrate the concept and functions in a proof-of-concept for 

selected parts of the corridor, namely Austria, Slovakia and Slovenia for which the necessary data could 

be provided in the right format and level of detail in the given very restricted timeframe of the study. 

 

 

Figure 2 – Geographic module - Overview of the 
infrastructure model for the RFC BAC 

Source: Hacon 

To create an infrastructure model in a modern 

microscopic planning system, dedicated basic 

parameters like stations, signals, tracks, blocks 

integrated in a node-link model have to be 

integrated. During the data collection process, it 

became obvious that the received data was 

partly in a different format and level of detail 

and therefore often not automatically 

transferable between the systems. 
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Figure 3 – Explanation of the microscopic data model 

Source: Hacon 

 

Hence, other electronic data which is theoretically machine readable as well, but does not comply with 

one of the above mentioned formats/standards, had to be either manually processed first (if possible) 

or a completely new converter had to be developed. The decision for the future if it will be easier and 

more efficient to modify or develop an export function into a standard format on the side of the source 

system, or to develop a new interface and converter for the receiving system, depends on the 

circumstances and can be different from case to case. A lot is depending on the data (level of detail 

and kind of data) which is available in the source system. An additional level of complexity and effort 

has to be taken into account if the required data has to be gathered and merged from different national 

systems. In general, all is feasible but the effort for developing the respective solutions varies 

significantly. In this context, forthcoming developments as planned in Europe’s Rail Joint Undertaking 

(ERJU) will support an efficient interoperability of systems. 

Within the framework of the RFC study some existing converters have been adapted and used but due 

to the timing of the data provision, the divergence from latest standards, and the limited time, 

converters could not be developed for all sources. 

In case necessary data was not available, either alternative information was used or assumptions had 

to be taken. 

With respect to the simulation of the cross border processes and functions, different timetable data 

bases were available for the selected area of RFC BAC. Some timetable data (e.g. from Austria) could 

be imported automatically into TPS using a dedicated existing interface. Afterwards, all trains running 

in the respective network (passenger and freight trains) have been available and suitable to be 

processed. For other countries, the train runs have been entered manually either for format reasons 

or because no respective data set could be provided in the framework of the study. For this task, 

publically available timetable data has been used. Media for published timetables documenting all 

passenger services on a respective rail line have been analysed for the RFC BAC area in these countries.  

For a future productive use of the demonstrated approach all relevant infrastructure and timetable 

data should be provided and integrated via standard interfaces. As valuable intermediate step also the 

1

Signal Position
For the signals there are two possibilities.
Either in the node/link model a node is placed at the position of the 
signal,
then the position is provided by the length of the surrounding 
links/sections, 
or each node of the model is linked to the kilometration,
then also for the signal the kilometration is appropriate.
- Kilometration (on the line)
- Length of links/sections
- Further information on the signalling position

„Nodes“ are points in the model
were tracks are connected or
were any kind of parameter is changing (in 
some models nodes are georeferenced)

„Links“ are sections (the tracks) 
between two nodes in the model
and each link has dedicated
(non changing) parameters

Dedicated „Link“ (Line Section) Information
- Length of the link/section (622m)
- Speed Profile ( 100 km/h max. / 100 km/h max. freight)
- Gradient (+4 % in direction of grawing kilometration)
- Xxx
- Xxx

Dedicated „Link“ (Line Section) Information
- Length of the link/section (1225m)
- Speed Profile ( 200 km/h max. / 120 km/h max. 

freight)
- Gradient (+1.5 % in direction of grawing

kilometration)
- Xxx
- Xxx
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MERITS data from UIC could be used for passenger trains as this has the advantage that the cross 

border trains runs have been checked, merged, validated and completed already in the MERITS system. 

In the framework of the study each related new data set has been checked especially for the long 

distance passenger and freight trains whether they are international cross-border services. If this was 

the case, the already existing trains on the Austrian sections of the network have been extended to 

the corresponding lines in the Slovakian and Slovenian parts of the network. 

Finally, all remaining national passenger trains at all lines within the RFC BAC area have been entered. 

This work has been double checked with all entries documented in the course books. Hence, the results 

are as accurate as necessary for the subsequent demonstrations. 

The most promising origins and destinations (O/Ds) and the related relevant freight trains were in 

the focus of the simulation and highly relevant for the RFC BAC. Four so-called ’Use Cases’ have been 

chosen for the study. It was important to harmonise them as best as possible with the existing local 

trains on the corridor network for the future scenarios 2022 and 2030. In TPS, these O/Ds were entered 

into the existing infrastructure model along with timetable data for all public local and long-distance 

services. The respective trains could be assigned by means of technical information on the train 

traction which then was used to automatically calculate the net travel time together with the 

framework conditions of the infrastructure. If this resulted in capacity conflicts, a time slot that suited 

the trains as best as possible was identified by rescheduling the trains and their time slots. 

In some cases, the exact route or reporting point sequence can also vary, as the RFC BAC route network 

is flexible to a certain degree within the framework of the underlying infrastructure. This is valid in the 

model on a microscopic level (in nodes) as well as on a macroscopic level (parallel edges). However, 

the infrastructure is the limiting factor; infrastructure expansion measures are already being 

implemented as well as those that are planned for all selected scenarios. 

By shifting the usual driving and dwell times, staying in overtaking and stabling areas, a new gross 

driving time is obtained if necessary. This allows new, suitable time slots to be found in order to achieve 

and ensure conflict-free time schedules and sufficient capacities. 

The goal of this task was the assessment of the available capacity for additional trains covering the 

identified most promising O/Ds. The results are the number of available plannable train paths, net 

travel time, gross travel time and the need of additional stops. In accordance to this, the required dwell 

times for operational processes like overtaking/bypassing were also reported. 

 Description of a potential future approach supported by 

the demonstrated functions 
One important part of the study was the identification of functionalities that an international IT 

planning system must provide, notably in relation to different time horizons for various infrastructure 

configurations. 

For the simulation of the international path planning process on the RFC BAC and the demonstration 

of some key use cases, TPS was chosen in its standard version.  
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It is important to note that this version is to be seen as first of its kind technical enabler for the various 

existing and potential new planning processes discussed for international timetabling. The main 

technical requirements to map and support the current and future approaches and business processes 

are provided.  

The focus of the study was on the technical side of the international timetable planning process, 

which includes path request, construction, offer, booking and management. Existing interfaces to 

standard tools like PCS are available and have therefore not been treated in the context of the study. 

Any potential future usage or integration of the system has been also not part of the study and has 

to be investigated and coordinated in a separate work flow or follow-up project later on. 

It has been stated as being of particular importance that the used TPS system technically supports all 

essential components of current and future capacity and timetable planning processes in a single 

system with consistent data management for different variants, time periods and use cases. 

Temporary Capacity Restrictions (TCRs) are also taken into account by default and also all planning 

periods of timetable planning, namely strategic, long term (annual) timetable, short term (within the 

year) planning/ requests, rolling requests and ad-hoc requests. The corresponding business processes 

and procedures can be easily adapted to the current planning method.  

It has not been intended to plan also the national timetables with this international tool in the context 

of this study. Nevertheless, it would be technically feasible as this way of multi-tenancy working, 

providing different access rights and areas of responsibility, is supported by the system and already 

used for different regions of one country.  

Four main planning phases have been assumed when describing how capacity planning and 

timetabling could be supported in the future by a corresponding system that is positioned as a layer 

above the national systems and receives data from them or feeds back timetable data for national 

sections of international trains to them. 

The possibilities and processes described below are not to be regarded as fully comprehensive or 

restrictive. They rather form assumptions for the basic explanation of the use of the planning system. 

In the context of the description and simulation of future use, an advanced state of the overall system 

with enhancements of interfaces and connected systems has been assumed. But where necessary, it 

was shown that even today without any adaptations of national data sources main functions needed 

for the planning and management of paths/ capacity can be demonstrated, after investing some initial 

manual effort. 

The exemplary planning phases considered are: 

 Strategic long-term planning e.g., to identify bottlenecks caused by additional traffic and how 
these can be minimised or eliminated in the national but also, for the first time, international 
context. For example, by identifying in real-time cross-corridor effects of planned national 
TCRs in one system and therefore being able to coordinate the respective national TCRs so that 
they have as little negative impact as possible on national and international capacity or by 
timely infrastructure upgrades or changes in the operating and service concept. 

 Annual timetable planning to establish in one work-step the conflict-free international 
timetable paths based on or directly related to the national timetables.  
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 Intra-yearly timetable / rolling planning for the allocation, management and marketing of 

residual capacities with the aim of being able to respond to every within-the-year train path 
request at short notice for the corridor from a single source. 

 Ad-hoc train path planning in which an offer for a continuous, international, conflict-free train 
path is to be made to the applicants within minutes. 

For simplicity, the description starts with the common features of all use cases.  

It can be assumed that all potential future use cases for these planning phases can be based on the 

one-off creation of an international (cross-corridor) microscopic infrastructure model and an updating 

procedure at regular intervals based on the national systems. This should be done as far as possible 

via electronic interfaces and automatic converters but, as noted in the RFC BAC, some national systems 

are not yet able to provide the relevant data directly so that manual additions may still be necessary 

at the beginning. 

The infrastructure elements have a clear time stamp so that the respective valid infrastructure variant 

can be used at any time for any period or application.         

For example, an infrastructure and timetable combination that is actually conflict-free could simply be 

opened and additional TCRs inserted. The system would automatically process these new restrictions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 – Example for conclict resolution between Bratislava-Petržalka and Kittsee 

Source: Hacon 

Hence, the planner can then identify/ decide/ simulate with a few clicks in real time which changes 

minimise or optimally avoid the conflicts. This could involve a slight time shift of the new TCR or the 
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adjustment of trains or TCRs that are already in the timetable. If the planner has found an optimal 

solution, it can be automatically transmitted to the national/ regional planners and, if applicable, to 

the customers (RUs) with the request to approve it. If the national agents or even the customers have 

direct access to their part of the system, this process could be simplified even further, because then 

they could suggest even smaller changes and the system would immediately show what effects they 

have. This could shorten the entire process down to a few minutes which today takes days and weeks. 

Generally during infrastructure constructions, delays could occur. In such cases it is also possible to 

identify which conflicts would arise if the timetable planned for 2022 on upgraded infrastructure had 

to be operated for the first half of the year on the 2021 infrastructure. Here, again, proposals for 

solutions can be developed and agreed upon in advance. 

The corresponding process for continuously updating the essential infrastructure parameters can and 

should be coordinated between all IMs involved. In the short term, a combination of automated and 

manual processing is likely to be needed, each converting and assembling or adding data from the 

national systems. In the medium to long term, the consolidation process should be automated via 

interfaces and converters from the national systems. 

Another common feature of all use cases is that there is no difference between the levels of detail of 

e.g. the travel time calculations which enables a simple transfer of a planning status from one planning 

phase to the other. The travel time calculation is always based on the same microscopic data which 

ensures high quality at all times.  

 

 

Figure 5 – Example: Speed-Distance Diagram - Section between Wiener Neustadt – Bruck a.d. Mur  

Source: Hacon 

Massive gradients in 
the Semmering area

Reduced permitive speed in 
the Semmering area
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Since the data base of the train parameters is the same in all cases, it is also possible to carry out 

simple planning scenarios or to check on an ad-hoc basis what influence it has on the travel time 

calculation and runtime dynamics if a different locomotive has to be selected for certain reasons or 

if, exceptionally, a shorter train is operated and thus the block occupancy is shortened and, if 

necessary, other overtaking possibilities could be used. 

There are some more common features of the planning phase use cases which are mainly based on 

the fact that all modules e.g., path request module, planning module etc. and functionalities as e.g., 

travel time calculation, conflict detection, capacity allocation etc. of the planning system can be used 

for all use cases. Furthermore, the same applies to the timetable as to the infrastructure. The data 

model is structured in a way that each train/model train or the respective created timetable path has 

a validity period and is thus theoretically permanently available in the system. It can be activated, 

copied or modified at any time for the corresponding application. This particularly simplifies the 

successive processing of different planning horizons in which a large part of the basic train patterns 

remains the same or are only marginally shifted. 

As an example the usage for the annual timetable process is briefly explained in the next paragraph. 

The description is limited to the purely technical process of applying for and processing international 

train paths, but for sure the generally known application and planning deadlines/ phases must be taken 

into account. 

To be done once at the beginning, the infrastructure valid for the period to be processed is selected 

and, if necessary, checked to see if adaptions are needed. If the year 2022 is selected as an example 

year, the processing takes into account on a daily basis when which particular infrastructure is available 

and with which parameters. In a second step the respective timetables planned in national systems 

are transferred into the international system. If necessary, international passenger trains already 

included in the different national system are linked to one consistent train across borders. This should 

be done automatically in order to always take into account the current planning status during the 

entire annual timetable planning process. On this continuously updated basis, one (or more) agents 

can then create and plan international trains. As a rule, an RU would submit the train path request in 

the annual timetable process via the web booking portal, taking into account the applicable deadlines. 

The selected tool has integrated an automatic dynamic runtime and route calculation and therefore 

provides an initial indication of the international route immediately upon application, as well as 

additional information on the expected (net) travel time. 

At the respective valid deadlines, the timetable planner then automatically transfers the corresponding 

train path requests into the planning tool and starts the automatic calculation of a conflict-free 

international train path with the "Slot-Finder". Any business processes that need to be defined can be 

mapped here. 
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Figure 6 – Example: FindSlot Functionality 

Source: Hacon 

If, in the course of timetable planning, more and more train path requests lead to major conflicts, the 

timetable planner(s) can modify or optimise the train path planning with simple functions of the tool 

in order to condense specific train paths and create free space for further train path requests. Any 

change is processed in real time and the effects on the entire train path and thus on all countries 

passed through are immediately visible and can be taken into account, without the need for time-

consuming coordination and communication with the respective national planners. Depending on the 

regulatory/organisational agreements, they can make certain changes together online but they could 

also trust each other and only approve the changes afterwards before they are imported into the 

national planning system. As soon as the path planning is completed, the planner can automatically 

release the path offer for booking via the booking portal and the customer can accept it online so that 

it is then marked as fixed in the planning tool. 

In the same way, the Rail Freight Corridors could plan Pre-Arranged Paths (PaPs) into the timetable 

by selecting a model train type that can be assumed as probable for the corresponding relation. For 

this purpose, they can also use the booking portal for simplification. In this case, PaPs are treated in 

the same way as the explicit path requests in the planning tool and, after they have been confirmed, 

are provided in the timetable as a fixed placeholder (and thus block the corresponding capacity). If 

these are then booked later but with a slightly different relation or rolling stock, the model train type 

and the O/D can be adjusted in the system and then an exactly matching path can be planned and built 

into the timetable, similar to the ad-hoc procedure described below. The latter is important in order 

to identify if on the respective day or period due to the real train paths (without buffers), potential 

additional capacity is available for additional trains. 

Besides train paths, also TCRs can be added at any time. These limit the capacity as described above 

and can lead to automatically determined conflicts. When and how these can and may be added is 

regulated exclusively by the defined procedure; system wise, there are basically no restrictions to add 

TCRs, but if desired, restrictions can be added by means of specific rules. 
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Whether the annual timetable creation for the national and international trains is organised in parallel 

or iteratively is not relevant for the timetable planning system itself, the functionalities can be fully 

used suiting both approaches and the tool supports both procedures equally. 

The use of the system for rolling requests during the year is relatively similar, except that there is 

usually a fixed basic timetable into which additional trains must then be planned into, using gaps or 

vacant PaPs. In this case, an international system always retrieves the current status from the national 

systems at the beginning of the day and keeps the overall timetable available for possible international 

enquiries. These can then be submitted via the web based request portal. Analogous to the annual 

timetable or the special rules for the timetable during the year, the timetable planners take over the 

train path requests at the specified time, process them and send the customers an offer at short notice 

via the web portal, which they can book or confirm directly in the system. 

The procedure for ad-hoc requests is similar, except that the timetable planner usually becomes active 

immediately after the train path request has been submitted, and it is not usually a question of regular 

services that have to be scheduled, but of a few or individual trains that are to run on a particular day. 

In addition, it is possible that cancelled services and thus temporarily released train paths/ capacities 

are also taken into account on a daily basis to add additional specific train paths based on requests 

from customers via the web portal. 

Finally, all functionality can also be used for strategic and long-term planning. Various methods are 

supported by the system being easily accessible to the planners. For example, it offers the possibility 

to utilize the current infrastructure and timetable status as a basis and then add both additional routes 

but also additional timetable patterns or lines and see how many conflicts arise and whether they can 

be solved. For the additional train paths, one would then take standard model train types that are 

suitable for the corresponding O/D. 

Or it is expected that the timetable, for example, 2050 will look completely different in which case it 

could automatically generate a basic timetable for passenger traffic via patterns of model trains and 

then adding regular freight traffic on the known or expected traffic relations. Due to the possibility to 

work with groups and patterns of trains and to carry out many planning steps such as routing and slot 

finding automatically, this action can also be performed quite easily for larger international networks. 

Such a procedure quickly shows which network areas can be a limiting factor and how this can be 

remedied. 
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 Conclusions and additional recommendations 
The goal of this study was to support the RFC BAC and potentially further RFCs in establishing an 

improved cross-border management of capacity, resources and service offers in the future. The 

analysis, the concept and some of the core functions have been presented, demonstrated and 

validated during a final meeting with the RFC Management Board and more into detail in a subsequent 

workshop with experts from all infrastructure managers. It has been agreed that the concept would 

fulfil the requirements of the sector for a reliable and agile timetable planning and management.  

7.1 Main findings 

(1) Currently, a wide variety of mostly proprietary planning systems are used in the RFC BAC 
countries which differ in terms of scope and functionality; 

(2) The intended piloting of the international model and timetable planning system has shown 
that the biggest challenge and limitation is the availability of detailed data and the respective 
interfaces; 

(3) The general functioning of an international timetable and capacity planning system which is 
supporting the digital capacity management could be piloted by using a “commercial off-the-
shelf” tool which is used in several European countries; 

(4) The usage of such a system on a corridor level would significantly simplify the international 
timetabling and path offer process and, in combination with improved quality of end-to-end 
international paths, would make raiI freight service more attractive;  

(5) Based on the pilot, a general concept which is effectively supporting the international 
timetabling could be outlined. 

7.2 Recommendations: 

(6) For the further development and implementation of an international timetabling system a 
road map considering the requirements of all actors involved and activities on European level 
should be agreed; 

(7) Existing national systems of IMs might have to be adapted to provide and receive data to/ 
from an international system; 

(8) Based on the already achieved developments and experiences in this study, a further step-
wise development is recommended; 

- following the manual data integration, streamlining and automation of related processes; 

- Integration of all national and international timetable data in order to provide a complete 
database; 

(9) International coordination between stakeholders involved to agree on a standardized format 
for infrastructure data which allow smooth transfer of data; 

(10) Agreements on methodologies and processes to ensure that infrastructure updates (e.g., 
extensions and new lines) are immediately visible and transferred to other systems using the 
same infrastructure; 

(11) It has to be ensured that all involved actors actively participate in the development and 
operation of international corridor wide systems by providing all required/ necessary 
information; 

(12) The regular updating and reporting of Temporary Capacity Restrictions (TCRs) should also be 
available for the international planning system via a standardized interface/ format; 

(13) A decision has to be taken, if international re-routing scenarios outside of RFC BAC including 
the respective infrastructure/ timetables should also be integrated; 
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(14) Regarding the efficient and automated integration of current passenger trains which is 
needed as basic system load for freight train planning, it should be possible on the long term 
to import these from the national systems in high quality including correct merging into 
continuous international trains (e.g. Merits database; operated by UIC). This will secure that 
permanently up-to-date information on passenger trains is part of the international 
timetabling system. 
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