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1 Executive Summary  
The Seamless Freight cluster is part of the TRANS4M -R project and the EuropeɄs Rail 
initiative. It aims to deliver an essential contribution towards the modernization, 
digitalization and harmonization of multimodal rail freight. By addressing various 
technical enablers identified in the MAWP, Seamless Freight bridges the gaps between 
actors, countries, systems, processes and transport modes.  

Against this background, this Deliverable is the main output of the specification phase and 
includes the relevant requirements, both functional and non -functional, the main use -
cases and use-case environments as well as a description of relevant systems, d ata types, 
processes and challenges. These specifications build on the basic requirements identified 
in the scope of the Deliverables D25.2 and D25.3. The contents of this deliverable are the 
result of an extensive and iterative process, involving relevant  stakeholder groups (IMs, 
RUs, TOs, YOs, CTOs and shippers) that are all part of the TRANS4M -R team. The 
specifications are structured according to the different work packages, in which the 
solutions, that are necessary to fulfil the objectives of Seamless  Freight, will be developed.  

True seamless planning must result in perfectly consistent planning and allowing for 
smooth transition and continuity for all actors involved along the entire transport chain 
as well as all assets required for operating the railway system. Seamless plannin g 
therefore encompasses all planning horizons (e.g. long - and short -term as well as real -
time), all planning environments (e.g. yards, terminals and all connecting infrastructure) 
and involves a variety of complex planning systems and processes. All these aspects feed 
the derivation of requirements for planning systems and their interfaces, with additional 
consideration of the interconnection to dispatching and keeping the information on line 
and network capacity updated for all actors, in order to achieve true seamless planning.  

Dynamic Dispatching has focussed on the constraints of today, that hinder optimized 
processes due to lack of real -time information. An intensive exchange with end customers 
and stakeholders has led to several use cases which shall at an international level  prove 
that harmonization and the dynamic adaption of tasks due to real -time information will 
lead to higher efficiency and maximizing the use of existing infrastructure.  

Intermodal Prediction Systems, forecasting both the ETA and the ETD for pre -defined 
milestones by using advanced machine -learning models, enhance the transparency and 
reliability of rail freight. The systems use various TAF TSI and EDIGES message types as 
basis input. Its quality is evaluated using pre -defined TAF TSI KPIs. Main applications for 
the prediction values are the optimisation of terminal and yard processes as well as the 
assignment and planning of rolling stock utilization (Asset Warehouse).  

The concept of Standardised European Railway Checkpoints is a further development of 
the previous work carried out in Shift2Rail and the concept of ɇIntelligent Video GatesɈ 
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(IVG). The main objective was thus a further development of the previous work. Moreover, 
in FP3 Checkpoints are also developed but at main lines for both freight and passenger 
trains. Hence, one main aim was to give a clear and through background descripti on, 
including existing similar systems that the IMs in T25.4 currently possess. Process 
descriptions were carried out for three types of operational stops for freight trains; 
intermodal terminals, marshalling yards and borders. Opportunities for improving these 
processes though the use of Checkpoints as well as a vast set of use cases were identified. 
Functional and non -requirements were developed. Based on the process analysis and the 
defined requirements, technical specifications were outlined for detecti on technologies 
and for data sharing. Albeit technical standardisation has been addressed, further work 
is needed to be carried jointly between the System Pillar sub -project Harmonized 
European Railway Diagnostics (Herd), FP5 T25.4/WP29 and FP3 WP7. Thus, the 
specifications outlined in this report will be the basis for a standardised development and 
installation of Checkpoints within WP29.   

Multimodal Integration has focussed on the constraints of today, that hinders simple 
bookings of freight on rail. Three primary reasons have been identified that will be tackled 
by use cases. The time -consuming process of finding existing freight train ser vices, the 
complexity to book services if more than one primary supplying company is involved and 
the difficulty to establish new services where today's offering is not yet matching the 
market demand. All shall demonstrate that harmonized and standardized process and 
data exchange will lead to higher usage of existing infrastructure due to lowering entry 
barriers.  

All this requires a high degree of collaboration between the involved actors both within 
and often across national borders. Today, there is a call for better synchronisation within 
and between transport practices. Big hopes are being placed on digitalisati on as an 
enabler and means for integrated and sustainable performance along the multi -modal 
supply chain. The primary objective for enabling data exchange is to provide a framework 
that allows a sea mless and harmonised exchange of data. This framework aims  to 
facilitate an increased data availability and quality by reducing technical and 
administrative barriers for the generation and exchange of data in the project. This 
framework will be built on existing developments rather than introducing new elements.  
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2 Abbreviations & Acronyms  
 

Abbreviation / Acronym  Description  
ABD Acoustic Bearing Detector  
ABD Axle Bearing Detector  
Ac Actor  
ADR Accord relatif au transport international des 

marchandises Dangereuses par Route  
AI Artificial Intelligence  
ATTI Automated Freight Train Transfer Inspections  
BAM Bearing Acoustic Monitor  
C-DAS Connected Driver Advisory System  
CDM Conceptual Data Model  
CIP Customer Information Platform  
CMR Convention Relative au Contrat de Transport 

International de Marchandises par Route  
CNN Convolutional Neural Network  
CTO Combined Transport Operator  
DCM Digital Capacity Management  
DDT Documento di Trasporto  
DPC Detektor -PC 
ECMT European Capacity Management Tool  
EDICT Enhanced Data Interoperability for Combined Transport 

stakeholders  
ETA Estimated Time of Arrival  
ETD Estimated Time of Departure  
EVN European Vehicle Number  
EWC European Waste Codes  
FIR Formulario Identificazione Rifiuti  
GCU Appendix 9 Appendix 9 to the General Contract of Use for Wagons: 

Technical Conditions for Wagon Transfers between 
Railway Undertakings  

GDPR General Data Protection Regulation  
HABD Hot -Axle Bearing Detector  
Herd  Harmonized European Railway Diagnostics,  sub-project 

in System Pillar 
HWD Hot -Wheel Detector  
IDS-RAM Industrial Data Spaces Reference Architecture Model  
ILU Intermodal Loading Unit,  containers, swap-bodies and 

semi-trailers  
IM Infrastructure Manager  
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InGa-Z Intermodales Gate der Zukunft (intermodal gate of the 
future)  

IVG Intelligent Video Gate  
LIDAR Light Detection and Ranging  
LSP Logistics Service Provider  
LU Loading Unit  
ML Machine -Learning  
MVP Minimal viable product  
OCR Optical Character Recognition  
PaPs Pre-arranged Paths  
PCS Path Coordination System  
PIC Piattaforma Integreta Circolazione  
PIL Piattaforma Integrata Logistica  
RCMF Railway Coordination Messaging Format  
RFID Radio Frequency Identification  
RID Regulations concerning the International Carriage of 

Dangerous Goods by Rail 
RNE Rail Net Europe  
RU Railway Undertaking  
TAF TSI Technical Specification for Interoperability relating to 

Telematics Applications for Freight Services  
TAO Track Assignment Optimizer  
TCR Temporary Capacity Restriction  
TIS Train Information System  
TMS Terminal Management System  
TMS Traffic Management System  
TO Terminal Operator  
TOS Terminal Operating System  
TTR Timetable Redesign for Smart Capacity Management  
TTS Track-Time Slot 
UIC Union Internationale des Chemins de fer  
WDD Wheel Defect Detector  
WILD  Wheel Impact Load Detection  
WIM Weight in Motion  
WMS Wayside Monitoring System  
WMS Wheel Measurement System  
WOBU Wagon-On-Board -Unit  
WTMS Wayside Train Monitoring Systems  
XML Extensible Markup Language  
YCS Yard Coordination System  
YDS Yard Dispatching System  
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YMS Yard Management System  
YO Yard Operator  
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3 Glossary  
Term  Definition  
Intermodal Operator  A transportation modality which uses 

standardized cargo units (such as containers, 
swap bodies and semi-trailers) that can be 
easily moved across different modes of 
transportation (such as ships, trucks or trains) 
to be brought to destination  

Combined Transport Operator  Intermodal transport chain with the focus on 
the road for the first and last mile  

Railway Undertaking (RU)  A company or entity that operates services 
and transportation of passengers and/or 
freight by rail  

Infrastructure Manager (IM)  An entity responsible for the management, 
maintenance, and development of the railway 
infrastructure, which includes tracks, stations, 
signalling systems, bridges, tunnels, and other 
facilities necessary for the safe and efficient 
operation of trains  

Intermodal  The movement of goods in one and the same 
loading unit or road vehicle, which uses 
successively two or more modes of transport 
without handling the goods themselves in 
changing modes."   
 
By extension, the term intermodality has been 
used to describe a system of transport 
whereby two or more modes of transport are 
used to transport the same loading unit or 
truck in an integrated manner, without 
loading or unloading, in a [door to door] 
tran sport chain.  

Multimodal  Carriage of goods by two or more modes of 
transport.  
It extends the intermodal option and is a 
prevalent method for transporting freight. In 
multimodal transport, goods are transported 
door -to -door using at least two modes of 
transport. Unlike intermodal transport, there 
is a possibility of reloading when ch anging 
modes. Importantly, the number of branches 
in the transportation route does not affect the 
number of transport contracts; it remains 
one. 

Intelligent Video Gate (IVG)  Consists of a gate system installed at relevant 
railway nodes and equipped with cameras 
and RFID readers for automatic identification 
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of wagons and intermodal loading units  
Intermodal Loading Unit  A standardized container or cargo unit 

designed for seamless transportation across 
different modes  

Container  A standardized cargo unit used for the 
efficient transportation of goods ( 20-foot or 
40-foot lengths)  

Use case One distinct application of a system/function  
Use Case Environment  Geographical area in which the 

implementation of multiple use cases leads to 
a development of dedicated 
systems/functions and where these 
developments will be demonstrated  

Long-Term Planning Period  Means a period of time usually limited by the 
moment when it is possible to establish and 
make changes to objects such as transport, 
train and its resources with sufficient lead 
time before implementation  

Short -Term Planning Period  Means the time period bounded above by a 
long-term time period and ends a few hours, 
maximum 1 day before the realization  

Real-Time/Operational Period  This period starts a few hours before the 
beginning of the transport, through the actual 
running of the train, until the end of the 
transport  

Artificial Intelligence (AI)  Technologies to make machines think and act 
more like humans  

Machine Learning (ML)  Science of developing algorithms and 
statistical models that computer systems use 
to perform complex tasks without explicit 
instructions. ML is one of the AI branches.  

Common Data Model  A common data model aims to standardize 
that logical infrastructure so that many 
related applications can operate on and share 
the same data  

Conceptual Data Model  Data model of the railway system focused on 
project - and platform -independent 
representation of the conceptual constituents 
of the rail system. The Conceptual Data Model 
adheres to a semantic approach. It leverages 
industry standards and federates from 
specialist modelling initiatives, where present, 
to model the various domains of the rail 
system.  

Cybersecurity  A Method of protecting computer systems, 
networks, and digital information from 
unauthorized access, attacks, and damage to 
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ensure confidentiality, integrity, and 
availability of data  

Timetable  A scheduled plan with organized information 
about the arrival and departure times of 
trains at various stations along a railway 
network  

Train Path  A scheduled time slot on a railway track 
allocated for the movement of a specific train  

Dispatching  Dispatching in Terminals and Yards is 
understood as the prioritization of actions 
and tasks in order to lower downtimes and 
make the maximum use of infrastructure  

Terminal  A location where trains begin or end their 
journeys and where various operational 
activities take place. They play a crucial role in 
the transportation network by facilitating the 
loading/unloading processes and transfer of 
passengers or freight between di fferent 
modes of transportation  

Yard An area where trains are assembled, 
disassembled, sorted, and stored  

Hump yard  A specific type of rail yard designed for 
classifying or sorting railcars based on their 
destination  

Flat yard  A type of rail yard where railcars are classified 
and assembled using flat switching (ailcars are 
moved horizontally between tracks)  

Track-Time-Slot Specifies at which track and at which time a 
train should be served, e.g. for loading or 
maintenance  

Corridor  A Rail Freight Corridor (RFC) is a designated 
rail route between two or more countries in 
the European Union that connects two or 
more stations along a main route.  

TRANS4M-R Transforming EuropeɄs Rail Freight ȿ The 
overall goal is to establish rail freight as the 
backbone of a low -emission, resilient 
European logistics chain which fulfills end -
user requirements to full satisfaction  

Railway Collaborative Decision Making 
(RailwayCDM) 

A cooperative process where various 
participants within a system collaborate to 
exchange information, coordinate activities, 
and collectively make decisions to enhance 
efficiency, effectiveness, and overall system 
performance.  

Functional Requirement  Functional requirements define what a 
product/system must or should be able to do.  
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Non -Functional Requirement  Non -functional requirements define how a 
system should function. They typically tell us 
something about the performance of the 
system.  

Milestone  The status or geographic position of a train, 
wagon set or loading unit in the transport 
process. 

Timestamp  The digital record of the time of occurrence of 
a particular milestone.  

FEDeRATED EU project for digital co -operation in 
transports based on principles of semantic 
technology and distributed data sharing.  

Block train  A dedicated and direct freight train in most 
cases for one customer operating from origin 
to destination with the aim of keeping lead 
times short  

Intermodal train  Freight train that carries Intermodal Loading 
Units 

Single Wagon Load train  Freight train transporting individual, mixed 
class of wagons carrying smaller, diverse 
shipments from different shippers  
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4 Background and Objective  
The present document constitutes the Deliverable D25.1 ɇReport on the basic functional 
and technical specifications for the realisation of the technical enablers of Seamless 
Freight, also including the final specification input for FP1Ɉ (also referred to as ɇSeamless 
Freight SpecificationsɈ) in the framework of the Flagship Project FP5- TRANS4M-R as 
described in the EU -RAIL MAWP and contributes as well to the Flagship Project FP1 - 
MOTIONAL. 

The project aims to boost innovation for the European rail freight sector, concretely by 
developing, validating and demonstrating FP5 -TRANS4M-R technical enablers. The work 
to reach this level of TRL is complex and thus divided into several work packages h ighly 
dependent on each other. See WP structure in Figure 1 below.  

 

Figure 1: WP structure in FP5-TRANS4M-R 

WP25 combines and conducts the specification efforts for the entire Seamless Freight 
subgroup, therefore giving input to all subsequent developments that will be done in the 
work packages 26 to 32 and ultimately demonstrated in WP33 and WP34.  

To ensure a high degree of interoperability, these specifications take into account as much 
as possible already existing standards and ontologies as well as the results from relevant 
projects, such as Shift -2-Rail, and available platforms/data hubs like KV 4.0 and RNE TIS. 
These respective standards etc. will be addressed in the respective relevant subchapters, 
most notably in  Chapter 10 Seamless Data Exchange. 
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The objective of this document is to provide high -level specifications for a Seamless Rail 
Freight in Europe. The document was deliberately made public to provide these 
definitions, requirements and functions not only to the TRANS4M -R project, but also to 
the sector itself. These specifications will define the basis for the development of the 
innovations of WP26 -WP32 and thus ultimately contribute to the realisation of the 
technical enablers defined in the MAWP.  

The core of this document are the task -based specifications, which aim to fulfil the 
objectives of the specification phase as stated in the Grant Agreement. Each 
task/subsequent development work package has its own separate chapter:  

¶ Seamless Planning ȿ Chapter 5  
¶ Dynamic Dispatching  ȿ Chapter 6  
¶ Intermodal Prediction  ȿ Chapter 7  
¶ Standardised European Railway Checkpoints  ȿ Chapter 8  
¶ Multimodal Integration  - Chapter 9  
¶ Seamless Data Exchange ȿ Chapter 1 0 
¶ Multi -Country Licensed Loco Drivers ȿ not included, as the WP is not part of WP25 

and will kick off in 2024.  

4.1 Link between GA objectives and chapters in the Deliverable  
Table 1 links the tasks described in the Grant Agreement for the related WP25 objectives 
to the respective cha bpters of this Deliverable that will feature these elements.  

Task 
(GA) 

Task 25.1 Specifications for Seamless Planning  
 

Output of deliverable  

Task 
25.1 

Identify high -level specifications and 
requirements for the technical functionalities 
of freight specific cross-border and last mile 
planning functions and connected systems.  

 Chapter 5.1  

Task 
25.1 

High level specifications and requirements of 
information systems for (short -term) 
operations/capacity planning.  

Chapter 5.2 (long -term 
planning) and 5.3 (short -
term planning)  

Task 
25.1 

Capacity view/forecast web frontend for the 
backend web service developed in FP1.  

Chapter 5.4  

 Task 25.2 Specifications for Dynamic Dispatching  
 

Output of deliverable  

Task 
25.2 

Identify and describe dynamic dispatching 
requirements and constraints that are specific 
for last mile operations in terminals/yards to 
reduce knowledge barrier for operators and 
freight forwarders to access any terminal or 

 Chapter 6.2 and 6.3  
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yard  

Task 
25.2 
 

Relate to a strong demand management from 
the multimodal industry via a substantial part 
of market stakeholders in multimodal freight 
and in strong alignment with other Work 
Packages and Flagship Projects  

Chapter 6.3  

 Task 25.3 Specifications for Intermodal Prediction 
Systems  

 

Task 
25.3 

Define the requirements of data needed for a prediction 
and monitoring system. Definition of functional and 
technical requirements.  

Chapter 7.3, Appendix 
14.2 (Seamless Freight 
Requirements)  

Task 
25.3 

Identification and description of processes of terminals 
and yards that are relevant for an intermodal prediction 
system.  

Chapter 7.1, Chapter 7.2, 
Chapter 7.5, Chapter 7.6  

Task 
25.3 

Description of connection points and interface 
requirements.  

Chapter 7.3, Chapter 7.5  

 Task 25.4 Specifications for Standardised European 
Checkpoints  

 

Subtask 
25.4.1 

Background description  Chapter 8.1  
  

Subtask 
25.4.2 

Process analyses for digitalisation and automation at 
borders or other operational stop points:  
- Subtask 25.4.2.1. IVG checkpoints at borders, including 
analysis of inspection agreements in Europe such ATTI 
(Agreement on Freight Train Transfer Inspection).  
- Subtask 25.4.2.2. IVG checkpoints at intermodal 
terminals  
- Subtask 25.4.2.3. IVG checkpoints at yards  
- Subtask 25.4.2.4. Connection from IVG checkpoints to 
traffic management on main lines (alignment with FA3)  
- Subtask 25.4.2.5. Considered use cases  

Chapter 8.2  

Subtask 
25.4.3 

Define new functional and non -functional requirements 
for standardised checkpoints at borders and other 
operational stops based on the process analysis in 
25.4.2 

Chapter 8.3  

Subtask 
25.4.4 

Technical specifications:  
- Subtask 25.4.4.1. Image processing  
- Subtask 25.4.4.2. Other identification and detection 
technologies   
- Subtask 25.4.4.3. Technical standardisation for image 
processing and other identification and detection 
technologies  

Chapter 8.4  
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Subtask 
25.4.5 

Interoperable IT -systems for data management and 
processing:  
- Subtask 25.4.5.1. Data sharing for cross -border 
transports   
Subtask 25.4.5.2. Data sharing for internal management 
of other operational stops - terminals  
- Subtask25.4.5.3. Data sharing for internal management 
of other operational stops - yards  
- Subtask 25.4.5.4. Data sharing for traffic management 
on main lines. Communication to TMS will be used to 
provide real -time actions to minimize traffic disruptions. 
Connection to C -DAS will be assessed.  
- Subtask 25.4.5.5. Standardisation of data management 
and processing (give input to 5: Standardisation 
management (prep of TSI revision), TT and other WPɄs) 

Chapter 8.5  

Subtask 
25.4.6 

Harmonized procedures and regulations  Chapter 8.6  

 Task 25.5 Specifications for Dynamic Dsipatching  
 

Output of deliverable  

Task 
25.5 

Identification of the different systems and modules of 
those systems, that are currently under development or 
already existing in different countries.  

Chapter 10.2 and 
Chapter 11.3  

Task 
25.5 
 

Examination of customer requirements and user roles of 
these systems with respect to multimodal freight 
transport.  

Chapter 10.1 and 10.2  

Task 
25.5 
 

Analysis on how the various systems involved in the 
offer of an intermodal chain can be seamless combined, 
how their specific functionalities can be connected or 
interact and to define further development needs for 
specific missing functional and technical requirements.  

Chapter 10.3  

Task 
25.5 

This includes a high -level preparation of the 
specifications for these different modules, and how they 
are aligned between each other, so that they work 
seamlessly together in order to achieve a seamless 
multimodal experience.  
 

Chapter 10.4  

 Task 25.6 Specifications and use case definition for 
Seamless Data Exchange  

 

Task 
25.6 

Identification of general principles including the 
administrative barriers in the data exchange processes  

Chapter 11.4  

Task 
25.6 

Investigate aspects of data sharing as well as auditing 
and monitoring techniques.  

Chapter 11.8  

Task 
25.6 

Define a Conceptual Data Model (CDM) for a structures 
data exchange on checkpoints and relations between 
them.  

Chapter 11.12  
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Task 
25.6 

Examine the areas where the data exchange is required  Chapter 11.6, 11.7  

Task 
25.6 

Analyse the results from demonstrations of data sharing 
concepts.  

Chapter 11.6, 11.7  

Table 1: Tasks described in the Grant Agreement for the related WP25 objectives which are linked to 
the respective chapters of this Deliverable .  

 

4.2 Seamless freight requirements  
One of the main outcomes of the specification phase for Seamless Freight is a harmonized 
list of requirements. Although the methodology of the specification processes closely 
follows the connected development work packages (and are therefore separated in 
different chapters in this report), many requirements are linked across the WPs. These 
links exist not only within different work packages of Seamless Freight, but also between 
FP5 TRANS4M-R and FP1 MOTIONAL.  

Therefore, experts from FP1 were continuously involved in the process of developing the 
requirements. This ensures not only that these requirements are useful input for FP1, but 
also harmonizes the resulting FP1 interfaces and developments with these requi rements. 
This is essential in order to successfully integrate the respective functions and systems 
from FP1 into the Seamless Corridor demonstration showcase (WP33).  

The comprehensive list of requirements can be found in Appendix 13.2. 
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5 Seamless Planning  
 

Rail freight transport is a complex system that is influenced by a variety of factors, 
including the transport demands of various logistics stakeholders, the growing 
environmental consciousness of shippers, and the limited availability of rail related 
resources like infrastructure, capacity and staff. The main challenge for rail freight 
transport companies is to bundle diverse logistical requirements of all parties involved 
and to offer an efficient, designated and customised transport system comprising 
inf rastructure, rolling stock and staff. This is a complex task, as it requires the coordination 
of a variety of different planning systems and processes.  

The goal of the seamless planning initiative in the TRANS4M -R project is to outline the 
requirements for path planning systems, significantly impacting rail freight transport by 
addressing constraints imposed by rail infrastructure.  

Seamless Planning (Chapter 5) delineates these requirements and serves as input for 
Flagship Area 1 (FA1). This chapter not only establishes prerequisites for path planning 
systems but also considers their interfaces with other pertinent planning systems utilized 
by freight train opera tors, yard and terminal managers, and those overseeing significant 
sidings, such as ports, across the entire rail transport chain. Additionally, it acknowledges 
the interconnectedness between planning and dispatching, especially in scenarios like 
short -ter m path planning and adjustments to existing train paths due to factors like line 
reconstruction or changes on the shipper or receiver side.  

Chapter 5.2 concerns long -term planning of the rail freight service on the first and last 
mile of transport. An end -to -end process map is provided along with descriptions of how 
long-term planning processes are relevant for different parts of the service chain, focusi ng 
on yards and terminals. System requirements, functions and capabilities to achieve more 
seamless long -term planning are discussed.  

Responding to real -time changes with direct impact on transportation implementation, 
including planned/utilized resources the period is described in Section 5.3. is defined from 
12 hours before transport to real time. A description of the process and differences 
between planning and dispatching with partners (RUs) is provided. The section deals with 
description of input data from short -term planning for dynamic d ispatching. Differences 
in time horizon between short term planning and dynamic dispatching and also specifying 
common functions for short term planning and dynamic dispatching are defined.  

Planning and operation of trains requires the latest up to date information on the capacity 
of specific lines and network sections for all involved actors. Chapter 5.6 outlines the 
development of a web frontend system providing a view on the current capacity and its 
forecasted development. This includes managing TCRs.  
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Long -term  means a period of time usually limited by the moment when it is possible to 
establish and make changes to objects such as transport, train and its resources with 
sufficient lead time before implementation. These objects are not affected by short -term 
and operational changes or irregularities. This period may represent the preparation of 
the annual timetable and its regular changes. The minimum time is in the order of weeks 
before the intended realization of the transport.  

Short -term  means the time period bounded above by a long -term time period and ends 
a few hours, maximum 1 day before the realization. In this period, there are changes to 
already existing objects from the long -term plan, and new objects can be created, which, 
howeve r, are already affected by the impact of the anticipated changes in this period. In 
the short -term period, the long -term plan is refined according to the current state of 
knowledge.  

Real-time  or operational control represents the period when reactions and changes 
occur depending on unforeseen facts. This period starts a few hours before the beginning 
of the transport, through the actual running of the train, until the end of the transport. 
Most of the processes take place in real time during this period.  

5.1 Requirements for path planning systems (input towards FA1)  
 

The planning of train paths is a process that has to consider the individual requirements 
of several stakeholders, like shippers, operators of ports, intermodal terminals and 
marshalling yards, as well as rail transport operators and infrastructure manager s. The 
number of stakeholders involved, the type and amount of information required and the 
plannability of the train paths (long -term and during a timetable period train paths) can 
vary and depend, among other things, on the type of freight train. A disti nction is usually 
made between:  

¶ Block trains  ȿ A dedicated and direct train in most cases for one customer 
operating from point A (origin) to point B (destination) with the aim of keeping lead 
times short. Such trains have a high transport capacity in terms of length, weight 
and volume. This trains are aimed to transport large quantities of goods such as 
coal, mineral products, agriculture products, raw materials, steel products, 
building materials, industrial products (e.g. cars and supplier products for cars) etc.  

¶ Intermodal freight trains  ȿ are a type of freight trains that carries maritime 
containers, swap bodies or semi -trailers, enabling the seamless transfer 
(horizontal and vertical transhipment) of these loading units between different 
modes of transportation such as trucks, ships, ba rges, and trains. The trains are 
mostly operated between two intermodal terminals and combining standardized 
loading units to carry cargo of different shippers.  
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¶ Single Wagon Load trains  ȿ refers to a freight train transporting individual, mixed 
class of wagons carrying smaller, diverse shipments from different shippers. These 
trains are assembled in marshalling yards and the wagons can be assembled and 
disassembled several times on their  transport route from point A (origin) to point 
B (destination) to configure efficient trains along the whole rail freight transport.  

The path planning of the latter both train types of freight trains is more demanding due 
to the use of additional infrastructures and the associated consideration of time -
consuming services (disassembling and assembling of trains in marshalling yards and 
sidings, the transhipment of intermodal units in intermodal terminals). The probability for 
disruptions due to the increased number of handling processes, involved stakeholders, 
and interfaces between them, requires a more flexible and short -term adjustment  of both 
train types compared to block trains.  

Assuming these conditions, the subsequent section describes freight -specific 
components of necessary technical and functional elements of planning systems based 
on a rail operator perspective related to sidings, intermodal terminals and marshalling 
yards, as well as the freight train operator perspective. The main objective is to identify 
and de nominate these elements and to get an overview of what planning systems at this 
operator level have to consider for efficient rail freight processes, customer requirements, 
and deductive requirements for the interface with train path planning systems.  

5.1.1 Planning of freight train paths  
 

Figure 2 Complete  train path chain including intermediate stops Ɉ shows a complete train 
path chain for an international freight train.  

 

Figure 2 Complete train path chain including intermediate stops  

At the interfaces to the planning and managing systems of the several elements, relevant 
data should be available for an efficient path planning on one hand side and on the other 
hand side to plan the internal processes (e.g. shunting, marshalling, unloadi ng/loading, 
wagon inspection, break tests) in sidings, terminals, marshalling yards or other rail 
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infrastructure facilities, where freight trains will have intermediate stops. In general, it 
should be available the following technical and functional elements to realize the planning 
processes based on TAF TSI: 

¶ Path request  
¶ Train composition  
¶ Train preparation  
¶ Train running forecast  
¶ Train running  
¶ Driver licence  

and others:  

¶ Infrastructure Restrictions  

The international path planning process is defined by RailNetEurope and could be 
accessed by path coordination system a web -platform ( https://rne.eu/it/rne -
applications/pcs/ , last access 21-11-2023). This system is connected by an interface to 
most national paths planning systems of the IM. But the system is often not connected 
with freight train operator systems of new or small RU.  

In Parallel to the TRANS4M -R project the ɇTimetable redesign for Smart Capacity 
ManagementɈ (TTR) Project of RNE is ongoing to align the current timetabling processes 
with the market requirements (see https://rne.eu/capacity -management/ttr/ , last access 
21-11-2023) One of the requirements of TRANS4M -R part Seamless is to frequently check, 
the progress of this TTR project. Some general information about the TTR project was 
already given in deliverable D25.2 (TRANS4M -R D25.2, 2023). 

TTR is a project developed in synergy between RailNet Europe (IMs) and Forum Train 
Europe (RUs), in cooperation with the European Rail Freight Association (ERFA) and 
shared also with European institutional entities like the European Commission, 
ministries and regulatory bodies. TTR aims to redesign the timetabling system in Europe 
in order to meet market requirements, making the process more efficient and adapted 
to current digital requirements.  

The project was born from the need to make railways more competitive, avoiding the 
waste of capacity and resources, as well as to increase international cooperation with 
cross-border operations by unifying the timetabling process across the EU. The objecti ve 
of TTR is to have a process that can respond promptly to the requirements of clients, 
providing in the passenger business, an annual planning of services (comparable to airline 
competitors) and in the freight business, greater flexibility and quality fo r impromptu 
requests (rolling planning).  

Main components for advanced planning:  

https://rne.eu/it/rne-applications/pcs/
https://rne.eu/it/rne-applications/pcs/
https://rne.eu/capacity-management/ttr/
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For the purpose of incorporating long -term and short -term capacity planning, TTR 
foresees a 5 -year capacity planning strategy with long and mid -term tools, allowing the 
IMs to coordinate and align with different stakeholders to define the way the overall 
capacity is allocated. There are four advanced capacity planning tools foreseen for the 
timetabling process:  

1. Capacity Strategy:  ItɄs the long-term capacity planning phase - led by the IM - for 
the entire railway network, a part of it, or for specific lines. It aims to provide an 
overview of the future available capacity of the infrastructure and share it with the 
Applicants and ne ighbouring IMs.  

2. Capacity Model (with Capacity Partitions):  It foresees the development of a 
long-term tool for the detailed planning of capacity that models the supply system 
against the demand based on the identified market needs. It allows for the 
allocation of capacity between annual timetables, rolling planni ng, Temporary 
Capacity Restrictions (TCRs), and unplanned capacity.  

3. Capacity Planning and Publication of Capacity Supply:  Based on the results of 
the model, a capacity diagram will be built to illustrate the available capacity, 
including all elements in the supply system and temporary capacity restrictions. 
The requesters can provide comments to the IMs regarding the capacit y model 
and the capacity allocation schemes (capacity partitions).  

4. International Coordination of Temporary Capacity Restrictions (TCRs):  TCRs 
may occur in case of maintenance, renewal and construction of parts of the 
infrastructure, among other reasons. TCRs will have an impact on available 
capacity of a line or network. TCRs are necessary to efficiently maintain the 
infrastructure and to allow for its improvement and development. This step aims 
to obtain better information flows regarding the planning of TCRs at an 
international level, in order to ensure traffic flows and  optimize operations.  

Capacity request methods:  

There are three main capacity/time -slots request methods set out to ensure that the 
different market needs are covered through the right capacity allocation processes:  

¶ Annual request: refers to the capacity dedicated to stable transport market 
requests that are made in advance to the activation of the timetable for 
commercial use (i.e. for tickets sale).  

¶ Rolling planning request: refers to a flexible method that allows to place requests 
much closer to the train operations and over different timetables that are reserved 
for such purpose.  

¶ Ad-hoc request: refers to the unplanned or residual capacity that can be planned 
in short notice through ad -hoc capacity requests and through appeals for 
modification, optimization or cancellation of already allocated capacity.  
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Digital Capacity Management (DCM)  

In order to achieve the improvements foreseen in the TTR project, European and national 
level IT systems must allow for a smooth communication between stakeholders in the 
complex railway transportation environment. The TTR project has foreseen the 
developm ent of a new IT environment at a European level called Digital Capacity 
Management (DCM). DCM constitutes the integral IT System that will support the TTR 
programme.  

DCM aims to digitalise and automize the TTR business processes, reducing manual data 
entry and using international standards for data exchange (TAF/TAP TSI specifications 
mainly). The main goals of the DCM are:  

- Ensure efficient and promptly information exchange between stakeholders.  
- Accelerate the timetabling process by automating certain steps.  
- Provide easy access to the process for all stakeholders (with interfaces and web 

applications).  

The DCM is defined as a platform with modular architecture where different 
applications/IT systems will coexist and communicate/interface in order to facilitate the 
complete capacity management process, including the mentioned advance planning 
components a nd tools, algorithms for capacity optimization within the capacity models, 
and faster and better communications regarding requests and replies between 
stakeholders. The DCM will consist of two main blocks:  

- A central IT framework, developed by RNE with three central tools:  
o A tool to manage the TCRs and introduce them as negative capacity.  
o A European Capacity Management Tool (ECMT) to public individual capacity 

models and visualise the available capacity of the IMs.  
o A PCS Capacity Broker to transmit capacity requests at the different levels 

and provide offers to applicants.  
- The national and external IMsɄ and RUsɄ systems that will need to communicate 

with the central IT framework.  

For effective coordination, these planning efforts necessitate a business case identifier, 
ensuring the unambiguous identification of a specific transport throughout the planning 
and operational phases for potential adjustments. Operators employ their own systems, 
such as IS HEROS, TIS, ISR, and the consignment note data system IS ORFEUS, to exchange 
messages among different RUs, covering activities like freight pre -advice and train 
composition. An additional requirement is that train operators should have the capability 
to proactively view the anticipated shipments.  

A crucial aspect of international freight train path management involves cross -border 
planning. Freight train paths transition between IMs as part of the comprehensive 
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planning process for an international intermodal service. Concurrently, rail freight 
transport operators engage in planning activities, including the assignment and alteration 
of locomotives, drivers (with planned dwell times), and other services such as w agon 
inspection or braking tests. For effective coordination, these planning efforts require a 
business case identifier to transfer relevant data in the planning systems of freight train 
operators. It requests an unambiguous identification of a particular transport, which takes 
place throughout the planning and operation process in case any adjustments are 
inevitable.  

The need expressed by freight train operators is reciprocated by infrastructure managers, 
who seek timely notification of any delays or rescheduling of planned trains Train 
operators wish also to have a data exchange standard to apply for the resource plan ning 
process.  

Further, company related requirements of freight train operation managers and 
infrastructure managers more on the operational side are highlighted in the following 
chapters of this deliverable.  

 

5.1.2 Freight -specific overview of necessary technical and 
functional elements of path planning  

The description of the elements of rail freight transport depends on their processes to 
organise shunting in marshalling yards, loading in sidings and in intermodal terminals 
including shunting operations, as well as freight train operation. It is distinguished 
between functional elements ȿ elements which are relevant to rail freight transport based 
on regulations and operations perspective ȿ and technical elements ȿ derived from 
technical regulations of wagons, locomotives and infrastructure.  

Figure 3 and Figure 4 describe the technical and functional elements, which are relevant 
to the operation of marshalling yards.  

Technical elements:  
1. Number of 

arrival and 
departure 
tracks  

2. Track lengths  
3. Number of 

shunting 
locomotives  

4. Defined 
shunting routes  
 
  

 
Layout of Hallsberg marshalling yard 
own creation upon plans provided 
(picture [Trafikverket; 2023])  

Functional elements:  
1. Capacity of the 

hump or other 
bottlenecks  

2. Defined wagon 
transition times  

3. Status information 
about wagons  

4. Data-proceeding 
of all wagons of 
incoming and 
outcoming trains  

5. Tracking of freight 
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wagons inside the 
marshalling yard  

Figure 3: Technical and functional elements for marshalling yards or local rail yards from the 
perspective of the yard operator  

Rail Yard Management Systems (YMS) are controlling the operational processes inside rail 
yards. The objective is to ensure the capability and to optimise the timely transition of 
wagons between incoming and outgoing trains. The availability of existing inf rastructure, 
shunting locomotives, and yard personnel are the constraints which have been 
considered. The types of shunting, technical wagon inspection, and all existing operational 
procedures are described in deliverable D2.1 Preliminary Operational Proce dures 
[TRANS4M-R, D2.1 Chapter 6.4, 6.5 and 8.4, 2023].  

Technical elements:  
1. Performance 

/traction force 
and traction -
mode of 
locomotives  

2. max. train 
weight  

3. max. number of 
train axles 
(allowed)  

4. Loading gauge  
5. max. axle load  
6. Technical 

wagon 
inspections and 
braking tests  

 
Layout of Hallsberg marshalling yard; own 
creation upon plans, picture [Trafikverket, 
2023]  

Functional 
elements:  

1. Planning of 
circulation of 
locomotives 
and working 
times of train 
drivers  

2. Departure 
time  

3. Percentage of 
brake power  

4. Intermediate 
train stops  

5. departure 
and arrival 
time  

6. Wagon data 
incl. 
information 
of dangerous 
and 
perishable 
goods 

Figure 4: Technical and functional elements for marshalling yards or local rail yards from the 
perspective of the freight train operator  

The freight train operator is strongly linked to the yard operatorɄs activities due to all 
technical elements, which are based on the activities and outputs of the yard operation. 
Arrival and departure times are the main interfaces between train operator a nd yard 
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operator for their operational processes, because any deviations are relevant for the 
other partner and influences its resources and internal costs.  

Figure 5 and Figure 6 summarize the technical and functional elements, which are relevant 
in the operation of intermodal terminals  

Technical elements:  
1. number of 

arrival and 
departure 
tracks  

2. track lengths  
3. number of 

shunting 
locomotives  

4. defined 
shunting 
routes  

5. number of 
cranes and 
reach 
stackers  

6. number of 
tracks and 
lengths 
straddled by 
gantry cranes  

7. technical 
parameters of 
gantry cranes 
and reach 
stackers  
 
  

 

 
Intermodals terminals for maritime/rail, 
road/rail transhipment of standardized 
loading units, (picture [HUPAC, 2023])  
Terminals gate:  

1. incoming and outgoing loading units  
2. incoming/outgoing data of loading 

units  
3. shipper/customer requirements for 

logistics (destination, size and weight, 
time of arrival,ɍ) 
 
  

Functional 
elements:  

1. Capacity of 
the gantry 
cranes and 
reach 
stackers or 
other 
bottlenecks  

2. Status 
information 
about gantry 
crane, reach 
stackers,  
wagons  

3. Data-
proceeding of 
all wagons of 
incoming and 
outcoming 
trains  

4. Tracking of 
freight 
wagons, inter -
modal units, 
and HDV 
inside the 
terminal  

5. Sequence of 
loading units 
on the train  

6. Information 
of special 
handling 
needs 

7. time of arrival 
and 
departure 
time  

Figure 5: Technical and functional elements for intermodal terminals from the perspective of the 
terminal operator  
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In addition to yard management systems described above, Terminal Management 
Systems (TMS) have to include processes of loading and unloading of intermodal loading 
units (containers, swap -bodies), the storage of intermodal units (full and empty ones) at 
the  terminal yard, as well as the link to the terminals gate, where incoming and outgoing 
units have to be registered and checked, as well as dispatching and navigation of the HDV 
inside the intermodal terminal. Terminal gates are the physical link and the da ta interface 
of terminals with their customers and companies realising the pre - and post -haulage on 
road. Further physical and data -interfaces could exist to maritime transport or inland 
navigation in case of trimodal terminals.  

Terminal management systems consider the coordinated and efficient organisation of 
all elements (infrastructure, rail wagons, trucks, ɍ) inside the terminal. Further, shunting 
processes, technical wagon inspection, and other processes, which are often iden tical 
with processes in local rail yards, have to be incorporated.  

Technical elements:  
1. performance/tr

action force and 
traction -mode 
of locomotives  

2. max. train 
weight  

3. max. number of 
train axles 
(allowed)  

4. wagon 
inspections and 
braking tests  

5. loading gauge, 
required 
codification for 
intermodal 
freight trains  

6. max. axle load  

 

 
Intermodals terminals for maritime/rail, 
road/rail transhipment of standardized 
loading units (picture [HUPAC;2023])  
  

Functional elements:  
1. planning of 

circulation of 
locomotives 
and working 
times of train 
drivers  

2. percentage of 
brake power  

3. departure and 
arrival time  

4. immediate 
train stops  

5. destination and 
arrival time  

6. percentage of 
brake power  

7. wagon and 
loading units 
data incl. 
information 
about loading 
units with 
dangerous and 
cooled 
perishable 
goods 

Figure 6: Technical and functional elements for intermodal terminals from the perspective of the 
freight train operator  
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 As shown in Figure 4 and Figure 6, the technical and functional elements for marshalling 
yards and intermodal terminals are similar from the perspective of freight train operators. 
Additionally, the loading gauge or the requirement for ɃCodification of lines and wagons 
for combined transp ortɄ [ERA, 2023] has to be considered for the use of railway lines by 
intermodal freight trains in the EU.  

Finally, Figure 7 and Figure 8 describe the technical and functional elements for customer 
sidings. Costumer sidings are big industrial sidings, ports with own railway network for 
shunting wagons to different loading/unloading points, small sidings with 
loading/unloading points at rail way stations.  

Technical elements:  
1. number of 

arrival and 
departure 
tracks  

2. track lengths  
3. number of 

shunting 
locomotives  

4. defined 
shunting routes  

5. number of 
loading and 
unloading 
points inside 
the siding area 
and their 
capacity  

 
Interface to the production and 
warehouse processes/logistics for 
incoming and outgoing commodities as 
part of procurement and supply to the 
customers  
Shipment sizes and destinations for 
single wagon loads and full train loads  

Functional elements:  
1. information of 

commodities (kind 
and weight) inside 
the wagons  

2. defined wagon 
times for loading 
and unloading  

3. status information 
about wagons  

4. data -proceeding 
of all wagons  

5. tracking of freight 
wagons inside the 
siding  

Figure 7: Technical and functional elements for customer sidings from perspective of the sidingɄs 
operator  

Sidings could have different operational systems which are including aspects with 
relevance to the processes and the available infrastructure of the sidingɄs operator. Based 
on the size of a siding processes simple or complex systems with different solutio ns of 
data management are still existing. Especially, loading and unloading of wagons at 
different loading points and the link to internal processes of the costumer require 
customized solutions with different data requirements and management.  

Technical elements:  
1. performance/tr

action force and 
traction -mode 
of locomotives  

2. max. train 

 Functional elements:  
1. planning of 

circulation of 
locomotives and 
working times of 
train drivers  
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weight  
3. max. number of 

train axles 
(allowed)  

4. loading gauge  
5. max. axle load  

 

2. wagon inspections 
and braking tests  

3. percentage of 
brake power  

4. departure time  
5. immediate train 

stops  
6. Destination and 

arrival time (of 
wagons) 

7. percentage of 
brake power  

8. wagon data incl. 
information of 
dangerous and 
perishable goods  

Figure 8: Technical and functional elements for customer sidings from the perspective of the freight 
train operator  

Costumer sidings include for the freight train operators also technical and functional 
requirements. Specials solutions for handing over wagons and responsibilities have to be 
considered to realize a safe and efficient transport for both partners (customer sidings 
operators and freight train oper ators).  

5.1.3 Definition of interface and system interaction requirements 
with other (planning) systems  

Efficient and seamless rail operations rely on robust planning mechanisms that facilitate 
communication between the Yard Capacity Management System (Yard -CMS) and the line -
based or national Capacity Management System (CMS). Both CMSs will be controlled by 
humans in the stage of planning. The coordination between IMs and yard operators 
ensures that crucial updates to local capacity plans are effectively communicated, 
enhancing the overall functionality of the rail network. Thus, 4 capabilities have been 
defi ned to show relevant communication between the involved systems.  
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Figure 9: The yard -CMS communicates relevant local capacity plan updates to the (line -base/national) 
CMS 

 

If a train should be available later or earlier than planned in the departure track of the 
handover area of a yard, the IM must be informed about the actualized availability time 
as shown in Figure 9. The IM must consider these actualized planning in their CMS so that 
they can check the availability of train paths which means that it is less important to 
communicate earlier availability than to communicate a delay. An information about a 
changed depar ture track in the handover area must also be transmitted to the IM so that 
they can adjust their plans. Furthermore, the yard operator must inform the IM about 
changes in the planned train consist. This is particularly important if the train will hit the 
route restrictions for overload/oversize with the new plans. In this case, the IM must 
choose another route for the train in their CMS.  
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Figure 10: The (line -based/national) CMS communicates relevant capacity plan updates to the yard -
CMS 

 

Conversely, the IM must provide information from their CMS to the yard operator in some 
cases. In case the IM plans a later departure from the handover area, this information 
must be also considered in the yard operators CMS. However, if they plan an earlier 
departure, they must inform the yard operator only in some specific cases. Vice versa, the 
IMɄs CMS must provide information on a changed arrival track or arrival time (earlier or 
delayed). If the train consist in the yard will differ from the original train, the yard operator 
must get information on this to their CMS before the train is moved to the arrival track.  

 

Figure 11: The (line -based/national) CMS exchanges planned capacity objects with EU -centralized 
applications  
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To enable international planning, information on train paths must also be exchanged with 
RNE (Railnet Europe) which is shown in Figure 11. Freight path requests must be sent by 
the CMS to RNEɄs path coordination system (PCS-RNE) according to the TSI TAF standard. 
Information on temporary capacity restrictions will be provided by the RNE TCR tool. The 
CMS must receive and proceed this information to consider the TCRs in the timetable 
planning.  

 

Figure 12: A line -based / national CMS exchanges relevant capacity plan updates on the local network 
with the neighboring line -based / national CMS behind the border for defined line sections.  

  

In addition to international planning involving RNE, international planning must also be 
coordinated between neighboring IMs. For this purpose, IMs have to exchange new, 
changed, and cancelled train paths for cross border trains and trains on defined line 
sections towards the border with the other IMs involved so that each IM can consider 
these train paths in their CMS. This is shown in Figure 12. The train paths added by other 
IMs will trigger the path validation and conflict detection processes so that the responsible 
IM will receive a confirmation or rejection of the path. Besides cross border train paths, 
also relevant TCRs must be exchanged between the IMs to consider them in their CMS. 
This is to be applied for new, changed, and cancelled TCRs on defined line sections 
towar ds the border.  

Beyond that, an interface between the line -based CMS and the train planning system is 
necessary. The definition of this interface is described in deliverable D25.2 ɃHigh-level 
specification of requirements, challenges and a future target state for freight cross-border 
planning and operations from an operator perspective as input for FA1Ʉ [TRANS4M-R 
D25.2, 2023]. 

The data requirements to get train paths are defined by the railway infrastructure 
manager or the one stop shops for international train paths on then TEN -T network 
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(subdivided in several corridors). The data that are necessary are documented and are 
communicated to data portals. A registration is mandatory. The Customer Information 
Platform (CIP) of Rail Net Europe is the current step in for freight transport operato rs to 
request trans -European rail paths on TEN -T corridors [RNE; 2023]. Train paths for national 
freight trains could be requested on the websites of the responsible rail infrastructure 
managers. The general framework for paths allocation is described in n ational network 
statements.  

 

5.2 Long -term first - and last -mile planning systems and 
functions  

 

FP5 TRANS4M-R aims at developing the necessary functions, tools or supporting systems 
needed to ensure that seamless planning covers the complete end -to-end rail service. The 
first -mile processes in rail freight involve transport from production facilities to the 
terminals, while the last -mile operations consider the journey from the freight trains out 
to the end custome r and distribution centres (warehouses). All activities and processes in 
this range are planned in some way, either at an operational or more long -term level. This 
section presents long -term planning decisions related to different parts in the freight 
service chain. 

Section 5.2.1gives an overview and process map of the end -to-end rail freight service and 
the actors and decisions involved here. Section 5.2.2 lists some long -term planning 
processes related to the different parts of the rail freight service. Section 5.2.3 describes 
some planning systems currently in use for planning, with an emphasis on long -term 
planning systems. Section 5.2.4 describes general requirements for planning systems. 
Finally, Section 5.2.5 discusses functions and capabilities enabling more integrated 
planning of the rail freight service, and an enhanced operational planning.  

Table 2 explains  symbols used in this section.  

 

Symbol  Meaning  

 
Actor (physical object or people) or Activity (area or 
operation) involved in the rail freight related processes  

 
Processes and times of activity where capabilities and 
functions concerning planning are needed  

 
Planning system  
  

 
Links users to systems  
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Flow of time  

 
 

Involves some planning processes  

 Information flow to/from a system  

Table 2: Symbols used in Section 5.2.5  

5.2.1 End-to -end process map  
  

In order to state the need for planning processes and planning systems on the first and 
last mile, an overview of the operations in a rail freight terminal and yard will be useful. 
This process map will visualize how trains and cargo flow through a termina l, and thereby 
enlighten the need for proper planning processes for different actors and operators.  

The map in Figure 13 gives a simple overview of areas in and flows through a terminal. 
Here, the blue boxes represent some actor or activity relevant in the terminal processes. 
We have joined the ɇAcɈs relevant for arrival and departure as the involved planning 
systems and pro cesses mostly remain the same. The orange boxes with ɇPɈs represent 
processes. A process can be viewed as a place or time where a set of milestones are 
achieved. Planning is needed for the different processes, i.e., some problem of 
timetabling, sequencing,  storing, path planning, booking, crew scheduling, etc. must be 
solved both long -term, short -term and in real -time to enable seamless processes.  

Please recall that this section emphasizes planning process and systems, and that process 
maps for e.g. the physical execution of these processes are given elsewhere in this 
document and/or in other deliverables in the TRANS4M -R project. Note also that we in 
this section simply refer to ɇterminalsɈ, and then mean general rail freight terminal. We 
do not separate large from small terminals, or consider stations or hand -over points 
specifically in this section. The same holds for ɇyardsɈ, which for simplicity here are placed 
inside a terminal in the figure.  

  



 
 

D25.1 PU - Public | V3.0 |Final                              48 | 393                            FP5-TRANS4M-R - GA 
101102009  

 

 

 

Figure 13: Process model of end -to -end areas and related planning processes in a rail freight terminal 
and yard  
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Location  Ac1 - Production facilities  
Related processes  P1 
Systems in use S1 
Specified actors  Customers, production facilities, merchants  
Activities  Selection of transport subtractor, booking train operator 

and cargo transport  
 

Location  Ac2 ȿ Distribution  
Related processes  P1, P2 
Systems in use S1, S2 
Specified actors  Road-based transport, courier, trucks  
Activities  Driving from/to customer, through gate and to the depot  

 

Location  Ac3 ȿ Terminal gate  
Related processes  P2 
Systems in use S2 
Specified actors  The physical terminal gate, road -based transport  
Activities  Controlling traffic through the terminal  

 

Location  Ac4 ȿ Internal transport  
Related processes  P1, P2 
Systems in use S1, S2, S3 
Specified actors  Trailers, semi -trailers, cargo, cars  
Activities  Transport from gate to depot inside the terminal  

 

Location  Ac5 ȿ Loading area  
Related processes  P3 
Systems in use S4, S5 
Specified actors  Operators, reach stackers, trucks, portal cranes, cargo  
Activities  Loading and unloading trains, shunting trains onto/off 

tracks, inspections and tests, cargo carrier movement  
 

Location  Ac6 ȿ Workshop and maintenance area  
Related processes  P7 
Systems in use S6 
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Specified actors  Broken wagons, workshop, tracks, workers  
Activities  Repairs, maintenance  

 

 

 

 

 

 

Location  Ac7 ȿ Yard 
Related processes  P4, P6, P7 
Systems in use S3 
Specified actors  Train dispatchers, operators, shunting men, locomotive 

drivers, IMs  
Activities  Splitting and assembling trains, removing broken wagons, 

tests and inspections, snow removal, parking and stabling, 
movements to loading tracks, sequencing of wagons, 
humping  

 

Location  Ac8 ȿ Depot  
Related processes  P2, P3 
Systems in use S4, S5 
Specified actors  Terminal operators, cargo carriers, trucks, cranes  
Activities  Storing cargo, moving onto/off trains, cargo carrier 

movement, depot management  
 

Location  Ac9 ȿ Departure and arrival tracks  
Related processes  P4, P5 
Systems in use S3, S7 
Specified actors  Inbound and outbound trains, locomotive drivers, IMs  
Activities  Tracks for trains to/from the terminal  

 

Location  Ac10 ȿ Departing and arriving trains  
Related processes  P4, P5 
Systems in use S7 
Specified actors  Train operators, Train dispatcher, locomotive drivers  
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Activities  Trains departing from or arriving at the terminal, trains 
passing through the terminal  

 

Location  Ac11 ȿ End user 
Related processes  P10 
Systems in use S8 
Specified actors  Customers, companies, postal offices, private persons  
Activities  Delivery status updates, receiving goods, end of chain  

 

Location  Ac12 ȿ Managers  
Related processes  P3, P4, P6. P7 
Systems in use S3, S4, S5, S6 
Specified actors  Yard-, terminal -, infrastructure managers and leaders  
Activities  Managing terminal operations, dispatching, maintenance, 

shifting and yard operations  
 

 

 

Location  Ac13 ȿ Terminal operators  
Related processes  P1, P2, P3, P4 P6, P7, P8 
Systems in use S3, S4, S5, S6 
Specified actors  Terminal operators at the terminal and yard  
Activities  Distribution, loading and unloading, shunting, tests and 

inspections, depot management, maintenance  
 

 

Location  Ac14 ȿ External planning systems  
Related processes  P5 
Systems in use S3, S7 
Specified actors  Route planners, IMs, timetable makers, other terminals 

and stations, train line  
Activities  Planning routes and timetables, capacity planning, track 

assigning, traffic management, data exchange  
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Below, Table 3 shows how the planning processes from the process map relates to the 
EDICT milestones. Further  information about what the planning processes mean, 
contain and which actors are involved, is given in sections 5.2.2 (long-term) and section 
5.3 (short -term).  

 

Process  
Related EDICT milestones  

Long-term  Short -term  

P1  D03 
P2  D03, D12 
P3 D11n2, D14n2, A09n2, A13  D11n, D14n, A09n1, A12  
P4  D16n1, D10, A03, A04, A08n3 
P5 D10, A03 D10, A03, A04 
P6  D11n, D14n, D16n1, A04, A09n1, A12  
P7   
P8  A05, A06, A10 

Table 3: Relation between planning processes and EDICT milestones.  
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5.2.2 Overview of planning processes  
  

The following subsection describes long -term planning processes related to the activities 
from the process map in section 5.2.1 in more detail. Although the process map springs 
most areas of a yard and terminal, not all areas use long -term planning as this is hard 
without near - or real -time data, and the level of uncertainty might be large. This fact limits 
the scope planning reali stically may have. Also, planning processes differ from terminal to 
terminal, yard to yard, and the state of the art differs between European countries 
depending on technology, ownership and political considerations. This subsection seeks 
to give a general  overview of how long -term planning processes look.  

  

5.2.2.1 P1 From production and customers to transport  
 

The first -mile of a freight supply chain involves distributing the goods from the merchantɄs 
warehouse or production facility to couriers like truck companies or other logistic service 
providers for further transport. From this starting point, cargo is transported to a freight 
rail terminal, potentially via other terminals like airports, seaport terminals, truck 
terminals or goods stations.  

Most trucking companies are not using any standard process or system when it comes to 
the long -term planning of this first -mile transport. Trucks are planned based on the 
planned train departures, and pickup is decided on -demand with the customers in 
accordance with these long -term plans. Once the freight train timetables are set, regular 
pickups will be scheduled visiting all customers in a way enabling fast and secure 
transport in the start of the supply chain.  

 

5.2.2.2 P2 Road-based transport to/from terminal  
 

Active terminals have a high amount of road -based traffic entering or exiting the loading 
area with cargo. All these vehicles (trucks, semi -trailers, etc.) need to pass through the 
terminal gate. The actual number of cars is dependent on the long -term plan  for the load 
of cargo being transported through the terminal, as well as the placement of the relevant 
customers. When the route plans are determined and the train operators know which 
customers will be using their services, the number of cargo carriers n eeded to be 
distributed into or out of the terminal can be estimated. In some cases, the train 
companies themselves transport the cargo, in other cases the customers, and in still other 
cases external transport companies.  
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A car entering the terminal is planned by request, sent in as soon as route - and track plans 
are created and altered if changes to this occur. There is one request per container 
number containing information about depot placement and time of pick up. Gate 
operation systems will have an overview of such requests and monitor the car traversal 
through the terminal.  

 

5.2.2.3 P3 Loading and unloading processes  
 

Inside the terminal, trucks and freight trains need to be loaded or unloaded. These 
operational processes involve assigning loading tracks, routing the trains to this track and 
the trucks to the nearby depot, and then lifting of containers between truck and train 
which can be done via the depot in between or directly.  The planning of these activities is 
done short -term by the terminal operators.  

Long-term planning processes of loading and unloading activities is about where and 
when the operations should be performed. In general, there is no standard process for 
planning this as terminal layouts and activities vary greatly. This also causes differ ences 
in the actual need for long -term planning.  

 

5.2.2.3.1 WP26 Use case environment: Loading track assignment 
in Oslo Alnabru, Norway  

In WP26 of the TRANS4M-R project the research providers will examine how long -term 
planning of loading track assignments can be done in a terminal. In a terminal, the loading 
and unloading processes of a train are done on assigned loading tracks. The plan showing 
where (which track) and when (which timeslot) the trains should be loaded/unloaded is 
drawn up on a long -term basis and shared between all terminal operators.  

Figure 14 shows an example of a loading track assignment in Alnabru, the largest freight 
rail terminal in Norway. This plan is created with a one -year perspective. Here, the colours 
represent arriving/departing trains served by different terminal operators. The plan  is for 
one week and the relevant days are specified within the boxes, which represent track -
time -slots (TTSs). Each column represents a track, and the rows represent time.  
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Figure 14: Current visualization of a loading track assignment plan at the Norwegian terminal Oslo 
Alnabru [Bane NOR, 2023]  
  

The train operators apply for paths through the railway network (see process P5). For each 
of the train operatorɄs trains, the relevant terminal operator applies for a TTS at Alnabru. 
Once these trains have been assigned paths and times for arrival and departure to/from 
the terminal, the terminal loading tracks  planner receives these applications. At this time 
each train has also been assigned a terminal operator. The planner then needs to assign 
the loading tracks such that all trains can be served (if possible). This is not an easy task 
for several reasons:  

¶ Some time slots are more desired than others, like mornings and afternoons.  
¶ The tracks may have different lengths, and the actual lengths of the trains are 

unknown at this time. The same holds for the number of wagons and which cargo 
is carried in each train unit.  

¶ Some tracks have easier access to e.g. portal cranes and depots.  
¶ The terminal owner must ensure fairness between the different operators. There 

are rules and practices related to the communication and sharing between the 
different operators.  

¶ Arrival - and departure times given in the train timetable must be met.  
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There are also other aspects which must be taken into account. A train operator applies 
for a track for a specific train, but it is not guaranteed that this train will be existing. 
Nevertheless, the track assigner needs to consider the train in its plan.  

It might, and does, happen that multiple operators apply for the same TTS. As it can only 
be used by one operator, the track assigner has to deny some applications and suggest 
alternatives instead. The generation of the final plan is an iterative process, where the 
terminal owner comes with a suggested plan and discusses that with the terminal 
operators and then applies changes accordingly. One of the big challenges is to find a plan 
where all operators are happy in the sense that the plan is considered fai r. 

The status quo for loading tracks assignment is that the plan is made manually in several 
terminals. Information about the trainsɄ times of terminal arrival and departure are 
received and used as upper and lower bounds for the possible time slots. The inte rfaces 
used for creating the plans are different in different countries. As an example, the 
Norwegian plan shown in Figure 14 is made by only one person using Excel sheets. This 
has several draw -backs: 

¶ No possibility of drag -and-drop.  
¶ No functionality for notifying about violations or errors.  
¶ Rules and thoughts about how the plan should look are internalized in the plan 

maker's head through years of experience. It is tough and time -consuming for 
other people to take over the task of making a plan.  

New and/or updated systems and functions for planning loading track assignments are 
needed in order to cope with increasing flow of freight trains and more requests in peak 
times. Digitalization and support are two main keys here. A better long -term plan f or 
loading tracks will also make it easier to replan when situations occur in real -time, like 
delays, missing crew or cancelled trains. The expected tool developed in this use case 
environment will therefore be useful for both long -term and short -term plan ning of track 
assignments. With a generic interface, the to -be-developed planning system is intended 
to be easily adaptable to also other Norwegian and European terminals.  

See the system description in section 5.2.3: Track Assignment Optimizer.  

5.2.2.3.2 Depot planning  
The long-term planned track - and loading track assignment plan includes specifications 
about depot placements ȿ a depot plan. Each loading track has an assigned primary and 
secondary depot. In a terminal with several terminal operators, specific geographic al 
areas are assigned for their depots. Some area is put aside as transit depot. Besides safety 
regulations and rules for e.g. where dangerous cargo may be placed, the internal depot 
control is operator specific. In the context of long -term planning, it is  desirable to place 
depots and assigned loading tracks as close to one another as possible to prevent long 
truck routes and unnecessary traffic crossings.  
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Maximum depot capacity is calculated by simple formulas, and some slack is often added 
as cargo may be placed along fences, slid in between other containers or placed 
elsewhere with free capacity. As several intermodal terminals experience that this 
maximu m capacity is reached, long -term planning of traffic through a terminal must 
integrate depot considerations.  

 

 

5.2.2.4 P4 Shunting departing and arriving trains  
 

Inside a terminal, trains may need to be loaded or unloaded as described in process P3. 
Other operations on a train involve splitting, rearranging and assembling wagons; see 
process P6 ȿ Shunting movements. This is done in the yard. When all necessary operations 
are performed on a train the outbound train is ready for the final steps before departure.  
 

5.2.2.4.1 Assigning departing and arriving track  
Departing (arrival) tracks for all outgoing (incoming) trains are planned along with the 
route plans, as this plan includes the specifications of which departing (arriving) tracks the 
trains should have at each terminal. The relevant manager at each termin al looks at the 
suggested long -term route plan and gives feedback on the feasibility of the plan. In this 
way, local route planning processes integrate and interact with terminal track planning 
processes by means of iterative communication and feedback. Th e extent to which this 
happens varies between nations.  
 

5.2.2.5 P5 Transport on the main line  
 

After all checks have been made, the train departs from the terminal as given in the freight 
train timetable, and moves on to the main line. The freight train timetable , along with the 
trainɄs path , is planned for the long -term. See also section 5.1 for information on this.  

 

5.2.2.5.1 Path planning process  
The path and timetable for a train can be planned in multiple ways. The standard one is 
that the RU sends a path request to the IM for the yearly timetable. This request contains 
the operational and/or commercial stops, desired arrival/departure times and train 
characteristics. The IM completes the requests to form a train path including all planned 
locations and intermediate timings, as well as the complete route. If there are conflicts 
with other paths or restrictions, these are resolved. After receiving the resulting path from 
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the IM, the RU accepts or declines the offered path. If declined, an alternative path must 
be negotiated. This whole procedure can be performed in parallel for multiple trains at a 
time. The desired departure and arrival tracks at the start/end terminal ca n be provided 
optionally through the request as well. This enables linking the long -term terminal 
planning and track assignments to the train path planning.  

Linking path planning to terminal planning is, unfortunately, rarely done in practice today. 
The general European experience is that long -term planning of trains paths and 
timetables to a large extent assumes that internal planning of terminals and yards w ill be 
feasible. The (inter)national IMs may ɇnot careɈ about local terminal planning. As the 
number of terminals and yards along a train path might be large, such an incorporation 
of the microscopic planning considerations would make the macroscopic long -term 
planning practically impossible. An alternative, practiced in some countries today, is the 
iterative planning process, where terminal managers provide feedback on the suggested 
path plans and timetables.  

Another way the path and timetable for a train can be determined is by using so -called 
rail freight corridors. Here, trains may use international  Pre-arranged Paths (PaPs), which 
are pre -constructed and used for more efficient handling of path requests. These are 
generated yearly, and published eleven months before the start of the relevant timetable 
period. Some countries also have priority routes based on one -year or multi -year 
agreements for critical freight transports, e.g. automotive industry (just -in-time) or critical 
resource supply (e.g. coal in the UK).  

A short, but detailed video summarizing the process of international path planning and 
time tabling through the PCS system (section 5.2.3.7) made by RailNetEurope can be 
found at their website [RNE PCS; 2023]. Here, the full process from RU applications to the 
finalized timetable is introduced, specifying which actors are involved.  

 

5.2.2.5.2 Main line planning  
Outside the terminals and yards, and apart from road -based or other transport, the 
remaining part of the freight journey is the transport on the main line. Here, the cargo is 
transported from one terminal to another on the line, cross regions and cross bor ders.  
While the process of actually driving of the train is simple, the concrete processes at a 
handover point vary and do not necessarily reflect a seamless exchange, see Chapter 7.  

For long-term planning of the main line, the central aspect is the abovementioned path 
planning and time tabling for each train and terminal, but also macroscopic view of the 
main line and freight corridor as a whole. This involves planning solutions and s equences 
in points of train intersections (tracks, stations), considering minimum time lags and 
maximum capacity at parts of the main line, planning procedures at handover points and 
so on. Also included here is the planning of the main line itself; where to place tracks and 
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intersections, installing sensors and video gates etc. Such long -term planning involves 
many actors from different countries, and the decisions to be made are often politically 
influenced.  

5.2.2.6 P6 Shunting movements in a yard  
 

Shunting movements involve all moving of wagons and cars inside a yard and a terminal. 
Due to fluctuations in the level of daily activity, high level of uncertainty and unforeseen 
events many shunting operations are planned short -term or simply performed b y request 
in real -time. The concept of long -term planning of shunting operations is hard to realize. 
For this reason, use cases and use case environments related to shunting are primarily 
related to the dynamic dispatching work package.  

One long -term planning area relevant for shunting is what concerns capacity; number of 
operating tracks, workers on ground, machine and resource availabilities, yard 
infrastructure etc. Long -term changes to the yard infrastructure will affect the 
performan ce of shunting operations by, e.g., increased track capacity. Long -term 
investments in new digital systems or efforts made in updating already existing ones will 
enhance procedures operationally, but also to a larger extent enable the possibility of 
long-term planning specific operations related to the terminal operations.  

Some countries have processes to plan shunting long -term. In Italy, a process for planning 
shunting operations in the long -term has been introduced for some of the terminals 
managed by Terminali Italia. The process is based on the concept that the RU is able to 
request the shunting operations at the same time as they request the track for a freight 
train run through the Italian Piattaforma Integrata Circolazione (PIC). The request is 
transferred to the Piattaforma Integrata Logistica (PIL) where it is recei ved by the terminal 
manager. He can accept or refute the request, which includes the time slot and the 
additional services requested. The planned shunting operations are then transferred to 
the Shunting Management System and are incorporated into the daily  shunting 
operations program at the terminal, which is defined six months in advance. The daily 
shunting program is reviewed and updated every day to also process short term shunting 
requests.  

 

5.2.2.6.1 Inspections and tests  
There are sets of manual, standardized and required tests, procedures and inspections 
that must be done before a train ready for departure may actually depart. These are 
described in more detail in section 6.3 ɇProcedure before departureɈ.  The execution of 
these operations is done at a suitable time between when loading is finished and the ETD, 
and is planned in the sense that the list of required operations is fixed and that 
estimations on the duration of thes e operations are given. The involved actors are yard 
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locomotive drivers, break operators, shunters, wagon inspectors, and finally the line 
locomotive drivers.  

 

5.2.2.6.2 Assignment of yard -track  
Trains or sets of wagons may need to be parked or stabled in the yard for a longer or 
shorter amount of time. The track on which (parts of) a train could be placed for such 
purposes is in some terminals decided long -term as a part of the train path generat ion. 
Based on history, planned flow of trains to the terminal, direct questions and applications, 
the train dispatcher and terminal operators agree on plans for the yard track assignments. 
Some extra tracks are kept free for shunting purposes and as buffer  tracks for damaged 
wagons or locomotives. It is up to the terminal operators to decide on the realised track 
assignment for each train they operate, but the long -term planning of assignment is 
meant to be followed the entire route plan period unless circu mstances demand 
otherwise.  

 

5.2.2.6.3 Shunting from yard to loading tracks  
In a terminal, the yard is used for both parking rolling stock and for shunting operations. 
One type of shunting operations concerns moving trains to the loading/unloading area. 
This type of shunting is rarely formally planned, meaning that the timing and actual route 
for moving the wagons are not set long -term, but are rather decided on site. The starting 
track (in the yard) and the ending track (loading track) are planned annually, as well as 
tentative times for loading/unloading. The actual movements are  done by a foreman 
shunter or locomotive driver requesting a route, and getting a yes - or no -signal from the 
shunting manager or train dispatcher. A hypothetical long -term planning process for 
these movements should consider bottlenecks in time and tracks,  and prioritize 
movements according to assigned loading times, as well as ETAs and ETDs. A use case 
environment related to this issue is described in  Section 6.4.3. 
 

5.2.2.6.4 Rearranging wagons, splitting, assembling  
Given the long -term track assignment, it can be seen whether or not a train needs to be 
split e.g. due to the length. As trains become longer, but tracks remain the same, it is 
necessary to plan that trains may or will be split. Decisions can be made regar ding track 
assignment, routing and a time window for performing the splitting and reassembling. 
The actual procedure, with which shunting locomotive and with which personnel is harder 
to plan long -term, and is decided by request at the operational level. T his currently holds 
also for the routing and timing decisions, unless internal processes exist for long -term 
planning. Such processes could be related to e.g. hump sequences as a hump yard, which 
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may be long -term planned when the required information about inbound and outbound 
train, along with the timetable, is given.  

 

5.2.2.7 P7 Workshop processes  
 

The task of repairing and maintaining both rolling stock and tracks contains several 
aspects of long -term planning. Regular preventive maintenance can be planned ahead 
based on previous experiences on e.g. expected living years of a track. However, most 
maintenance will have to be adjusted to short -term needs like suddenly broken -down 
wagons or damaged tracks.  

The long-term aspect of workshop planning requires interaction with the train operators 
long-term rolling stock planning, in order to know when which rolling stock is both 
available and in need for a check -up. Maintenance planning can be coupled with long -
term personnel planning, both in composition of expertise as well as in planning shifts 
and working schedules. The necessary shunting operations for routing and moving rolling 
stock in and out of the workshop can only partially planned long -term, as these need to 
be coordinated short -term with the remaining shunting operations in the yard and the 
short -term needs of repairing broken down rolling stock.  

 

5.2.2.8 P8 Transport to end -user  
 

The final part of the last -mile of a freight supply chain involves distributing the goods to 
the end user. The logistics service provider transporting goods from the final terminal (via 
postal offices etc) to the end customer uses historical data to predic t e.g. the number of 
trucks needed in different regions in order to transport the expected amount of goods. 
Long-term planning of the end user transport thereby involves such resource placements 
decisions and route assignments based on market knowledge and  previous experiences. 
The actual order for the transport of goods to one specific end user is done on -demand 
or on a daily basis.  

 

 

5.2.3 Overview of planning systems  
  

The following subsection describes some of the planning systems which are the status 
quo for European yards and terminals today. These systems are used by the actors 
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through the process map in 5.2.1 to plan the processes in 5.2.2. This section emphasizes 
planning systems relevant for long -term planning. For systems mainly relevant for short -
term planning, requests and dynamic dispatching we refer to Chapters 6, 8 and 10. 

Figure 15 visualizes the connections between the planning systems for a general terminal 
and yard, and includes the relation to the on -line freight train network and the road -based 
transport to and from the terminal. The ɇAcɈ boxes represent the actors from section 5.2.1, 
and the new green boxes are planning systems ɇSɈ relevant for the associated parts of the 
terminal.  

The freight rail service is an area under constant digitalization and technological 
developments. While large European terminals may have well -developed digitalized 
planning systems, studies show that many terminals mostly plan their activities and 
allocat ions manually  given the necessary input data. Systems for planning and visualizing 
plans do exist, but the amount is limited and the user scope is mainly on a regional or 
national level. An increased level of digitalized information, both in short - and lon g-term 
planning, is necessary for generating seamless plans in an integrated fashion. The large 
variations in systems and interfaces used in Europe make it impossible to list every 
current long -term digital planning system in this section. For this reason,  we list the 
planning systems on a general level and refer to only some specific systems relevant for 
each part of the process map in section 5.2.1. The underlying idea behind the mentioned 
and not -mentioned systems will be the same, as well as their users and use.  

The planning system of ɇS0: Oral communication Ɉ is the most important planning system 
in 2023. Little can or will ever replace the experiences and knowledge living inside train 
dispatchers, IMs and terminal managers about how a good long -term plan should look. 
Although empirically founded, well -agreed  and steered by the best suited people, the oral, 
manual communication may result in fragile, isolated and highly person -dependent 
planning processes. TRANS4M-R finds it vital to enhance and spread already exis ting, and 
introduce new digital planning systems for both short - and long -term planning to increase 
level of overview, stability and integration with other processes.  

The planning systems considered in this section are S1: Train operator booking systems, 
S2: Gate operating systems, S3: Terminal management systems, S4: Yard management 
systems, S5: Depot management systems, S6: Loading and unloading systems, S7: 
Workshop management systems, S8: Path planning systems, S9: End -user systems.  
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Figure 15: Overview of planning systems in a terminal and yard  

 

 

5.2.3.1 S1 Train operator booking systems  
 

The first -mile of rail freight transport brings goods from the producers, merchants or 
customers to logistic service providers, distributors or other subcontractors. As 
mentioned in process P1, there is no standard system for the planning of such transport . 
Operator specific systems for transport booking exist, like OnRailɄs PICit system or 
CargoNetɄs GTS system which are used in Norway. Such systems book transport on-
demand and are relevant for short -term planning. The long -term planning aspect in a 
transp ort - and booking related system is minor.  

5.2.3.2 S2 Gate Operating Systems (GOS) 
 

A terminalɄs Gate Operating System (GOS) is a digital system for controlling transport 
through the terminal gate. When a truck approaches the gate, the registration number is 
automatically scanned, as well as other information as time and potential damage on the 
carried cargo. GOS is an intelligent system ensuring seamless movement through the 
terminal gate. GOS feeds input to and interacts heavily with TOS and other terminal 
management systems.  
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For long -term planning, historical data from GOS will contain valuable information, e.g., 
knowledge on terminal activity in different seasons and times of a day. This provides 
planners knowledge on capacity usage, bottlenecks and areas where development sh ould 
be prioritized.   

5.2.3.3 S3 Terminal Management Systems  
 
By Terminal Management Systems (TMSs) is here meant all systems related to monitoring, 
overviewing and planning the terminal as a whole, as visualized in Figure 15. Such systems 
are primarily related to real -time information and overview of the terminal status, by 
gathering information about ongoing processes and storing information about 
equipment and cargo in the terminal. With respect to long -term planning such a s capacity 
distribution and track assignment, terminal management systems may be used as a 
source for relevant historical data.  

 

5.2.3.3.1 Terminal Operating System (TOS)  
The Terminal Operating System (TOS) is a software platform that manages the movement 
and storage of various types of cargo in a terminal. It provides a centralized system for 
the efficient handling and monitoring of vessels, equipment, trains and crew, and  seeks 
to achieve a more efficient planning of the terminal activities. Data is continuously shared 
between TOS and GOS as new information arrives, e.g. when a new truck enters through 
the terminal gate. The TOS can be adapted to manage the flow of cargo i n and around rail 
terminals, including the movement and storage of cargo, inventory management, and 
scheduling and planning.  
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Figure 16: TOS and connected services, applications and users  

  

 

5.2.3.3.2 DISC-M 
The DISC-M system, mentioned in Section 7.6.1, is an example of a system similar to a 
TOS, but with more emphasis on reservations and alterations. DISC -M is an application 
used to plan train utilization. It includes all transport types (single wagons, complete 
trains), such as loaded or empty wagon m ovement. Key functions are the planning of 
wagon journeys according to the current plan, capacity reservation for wagons in trains, 
the definition of wagon handover in the marshalling yard, the monitoring and evaluating 
of the wagon transport plan, and res ponses to irregularities.  The capabilities and data 
communication of this system may be used also for long -term planning of the relevant 
activities by creating e.g. drafts and seeing consequences of choices.  

5.2.3.4 S4 Yard Management Systems (YMS) 
 

In general, a Yard Management System provides information about assets and activities 
within a yard, enabling overview, access control and real -time insight. Such a system 
interacts with TMS and GOS for seamless data sharing. Depending on the actual system , 
a YMS may provide functionalities and capabilities concerning asset tracking, 
appointment scheduling, track booking, mobile integration, cross -platform 
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communication, real -time notifications and visualizations and integration with other 
management systems. The system can relate to long -term planning by e.g. the capability 
of visualizing yard overview and thereby supporting what -if analyses. 

5.2.3.4.1 Yard Coordination System (YCS) 
The YCS is a tool for coordinating the planning of the track allocation for the 
arrival/departure yard of a larger marshalling yard. This tool is used in real -time and for 
short term requests, but the visualization, communication with other systems and lev el 
of overview for different operators may be useful when long -term planning the relevant 
activities. See the system explanation in section 6.3. 

5.2.3.4.2 Yard Dispatching System (YDS) 
As a use case environment for dynamic dispatching, algorithms for dispatching within the 
yard will be developed. The related system, YDS, should enable overview and planning of 
movements within a yard. See a further description in section 6.3. For long-term planning, 
the YDS will be useful for generating suggestions to shunting plans when the train paths 
and timetables are given. The plans may be easily adapted as new or updated information 
arrives.  

5.2.3.4.3 Examples of systems used in Italia  
As mentioned in process P6, some terminals in Italy have processes for long -term 
planning of shunting operations. For this, some digital systems are used, which are also 
relevant for other long -term planning processes.  

Piattaforma Integrata Circolazione (PIC): ItɄs a modular platform that seeks to guarantee the 
integration between management and information systems related to the circulation of 
trains in the infrastructure managed by Rete Ferroviaria Italiana (RFI), in addition to 
connecting with other systems r elated to rail transport in general (commercial, 
monitoring, logistics, etc.). PIC is used to request paths, share path details, share train 
compositions among other important communications between RUs and the IM.  The 
system allows to request long -term shunting operations at the terminals managed by 
Terminali Italia, at the same time that the RU requests the track for the operation of a 
freight train.  

Pattaforma Integrata Logistica (PIL): ItɄs a platform created to support the FSI Group in Italy 
in the development of the freight transport sector from an intermodal point of view, with 
a focus on business processes and the integration of railway transport with all other 
actors of the supply c hain. It is an open and modular hardware and software platform 
aimed to manage logistics processes and freight transport, and it is directed to provide 
real -time services to intermodal terminals through the interaction  between actors and 
processes of the supply chain. PIL includes the management IT systems for shunting, 
handling, freight transportation and logistics, providing services that include digital 
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booking, supply -demand matching, control and monitoring, data exchange and 
information.  

Shunting management system: ItɄs the IT system for the management of shunting 
operations at the terminal. It is an implementation of a Warehouse Management System 
and supports the end -to -end management of shunting operations at complex logistics 
nodes. The system covers the planning , execution, and reporting phases, allowing for the 
integration of all the actors (RU, IM and terminal/yard manager). The shunting 
management IT system is part of the PIL integration framework.   

5.2.3.5 S5 Depot management system  
For depot management and planning inside the terminal there exists no standard system. 
Real-time information and overview can to some extent be gathered from TOS. The actual 
overview of containers and depot content is, however, terminal operator specific. The 
systems they use are bespoke systems for their own needs, mostly at the short -term and 
operational level. In general, there do exist specialized RU systems connecting depot 
management to, e.g., workshop management. Such systems combine infrastructure a nd 
support data exchange and information flow between the two processes.  

For long -term planning of depot activities and management the systems in use are limited. 
Most terminals plan their depot assignments and sizes manually when information on 
train paths and timetables is provided.  

5.2.3.6 S6 Loading and unloading systems  
In practice, the same applies here as for S5 Depot management system. Systems in use 
concern real -time information, and long -term planning is rather related to the assignment 
of loading tracks and possibly timeslots for performing the loading or unloading 
operations.  

5.2.3.6.1 Track Assignment Optimizer (TAO)  
As mentioned in section 5.2.2.3, the Norwegian Alnabru freight terminal will be a use case 
environment to inspect how to optimize the long -term assignment of loading tracks to 
terminal operators. Assigning trains to track -time slots (TTSs) for loading and unloading is 
a lengthy process,  to which the to -be-developed Track Assignment Optimizer (TAO) will 
assist the track assigner and terminal operators in communicating and decision making.  

The TAO takes as input the terminal operatorsɄ long-term applications for TTSs for all their 
planned trains. Currently this data is provided as part of an Excel file, with the relevant 
columns described in Table 4. This data input routine of course needs to be adjusted if 
the way the input data is provided changes.  
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The TAO is envisioned to approach seamless planning by supporting the following 
features:  

¶ Visualizing assignments: The current system for visualizing track assignments is 
shown in Figure 14 in Section 5.2.2.3. This is a static, manually made figure. The 
TAO will display a dynamic timetable enabling, among other features, the drag -
and-drop of TTSs (boxes in the figure), splitting a box (splitting a train over several 
tracks), and being notified of infeasible dr ops (e.g. two boxes on the same track 
overlapping in time on the same day).  

¶ Suggesting feasible assignments: In addition to the applications in Table 4, the 
TAO will know information about the terminal topology, as well as safety rules and 
other restrictions which limit the set of feasible track -time -assignments. 
Algorithms will be developed for automatically suggesting and displaying 
assignments to the user on request.  

¶ Finding an optimal assignment : Given some objective agreed upon with the 
relevant stakeholders which measures what a good assignment is, the TAO will use 
mathematical optimization algorithms for finding an optimal assignment beneficial 
for all actors.  

¶ Making a plan feasible : Given a manually made but infeasible assignment, the 
TAO can find and display the feasible assignment most similar to the original one.  

The TAO will be developed with different horizons in mind. Mainly, the tool will be 
developed for long -term seamless planning but some added features will also make the 
TAO useful for dynamic dispatching:  

¶ Long -term planning: The TAO will assist the planners in the yearly making of the 
loading tracks assignment in Alnabru by being a relevant and easily available digital 
tool in the iterative planning process, enabling the abovementioned features.  

¶ Short -term planning: In times of changed activity (e.g. summer), the TAO can take 
in updated infor mation and find suggestions for assignments more suitable for the 
new scenario.  

¶ Real-time adjustments : The TAO will be able to demonstrate the possibilities and 
potentials of enabling more frequent replanning, up to real time adjustments of 
e.g. updated times of arrival, changed train lengths etc. Additional (relaxed) 
constraints and conditions will then need to be discussed and added to (removed 
from) the system.  

Regarding real -time replanning, an innovative vision for the TAO is its potential to interact 
with the timetable generating software used in EuropeɄs Rail project FA1, MOTIONAL. The 
TAO can provide feedback to the timetabling software in terms of constrain ts and 
suggestions with information about whether a certain track assignment is possible in 
Alnabru or not, and if not why. In this way it may facilitate an iterative process of 
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generating a timetable that can not only take the network but also the yards at the ends 
into consideration, assuming similar information is available about the other yards.  

 

Column Name  Data Type Description  
Index  string  Unique Id for application.  
Arr/Dep train 
number  

string  Train number of arriving/departing train for 
which unloading/loading is applied for.  

Operator  string  Train operator for the train.  
Arriving/Departing  string  String indicating whether train is arriving or 

departing from Alnabru.  
Outbound terminal  string  Name of terminal the train is leaving from.  

Ending terminal  string  Name of terminal the train is ending at.  

Arr/Dep time  time -string 
[hh:mm]  

Time the train arrives/departs from Alnabru.  

Arr/Dep day  weekday -
string  

Weekday the train arrives/departs from 
Alnabru.  

Train length  integer  Train length in meter.  

Loading track  string  Loading/unloading track that is applied for.  

Loading/Unloading 
time: From  

time -string 
[hh:mm]  

Desired start time for loading/unloading the 
train.  

Loading/Unloading 
day: From  

weekday -
string  

Desired weekday for starting 
loading/unloading the train.  

Loading/Unloading 
time: To  

time -string 
[hh:mm]  

Desired end time for loading/unloading the 
train.  

Loading/Unloading 
day: To 

weekday -
string  

Desired weekday for ending 
loading/unloading the train.  

To/From train 
number (Day)  

string  If relevant, the train number of connected 
train (If this train is departing, then the train 
number under which the same rolling stock 
arrived. Similarly, if the train is arriving, the 
train number under which the same rolling 
stock shall leave.) Weekday f or connected 
train is added in parentheses.  

Yard track  string  Desired yard -track for parking.  
Notes parking  string  Comments about parking.  

Notes  string  Other comments  

Table 4: A terminal operatorɄs application for a yearly TTS in the loading tracks assignment, here 
specified as currently provided in the Norwegian Alnabru freight terminal.  
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5.2.3.7 S7 Workshop management systems  
 

Specialized RU systems for managing and controlling the terminal workshop exist and are 
used on the operational level by the workshop employees. Such a system may be 
workshop specific or a functionality integrated in systems with a larger terminal or yard 
scope, e.g. RAILBASE, which links maintenance and management of railway vehicles to the 
railway infrastructure. As the planning of workshop -related maintenance activities is 
mostly short -term related and on -demand, the long -term planning a spects are limited 
and rather related to track assignments, personnel planning, equipment management 
and regular maintenance, which are planned in other systems.  

5.2.3.8 S8 Path Planning Systems 
 

The international and nationa l path and route planning systems assist in the yearly and 
long-term planning of train paths, which again affect the train timetabling process. 
Technical and function al elements of related systems are described in section 5.1. 

5.2.3.8.1 Path Coordination System (PCS)  
The Path Coordination System (PCS) is a system used for harmonized international path 
planning, by gathering new, late and ad -hoc path requests [RNE PCS; 2023]. This system 
has over 1000 daily users, such as national IMs and applicants. In PCS, trains are 
presented as dossiers, containing information about composition, basic data and other 
parameters and comments. The PCS systems supports the path planning process from 
the starting point of adding a new dossier through requests, booking and timetable 
drafti ng to final offer and closing the active timetable.  

5.2.3.8.2 National path planning systems  
Communicating with the PCS, some European countries and IMs have their own national 
system for planning paths, routes and generating timetables. This system takes input 
from PCS for the international trains, and can also be used as an interface for providi ng 
applications to the PCS system. The national planning system provides information to 
operational systems like the S3 systems used for operational management and 
overview, and for other terminal and infrastructure related planning.  

5.2.3.9 S9 End user systems  
 

The end user, who receives his goods at the end of the freight chain, uses distributor 
related applications for monitoring the transport status. The distributors and logistic 
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service providers again have their own systems for such monitoring and internal planning 
of resources based on the (forecasted) demand. These systems are in practice unrelated 
to any (long -term) planning systems of the freight train chain or other terminal  systems 
besides the ones potentially used by the distributors themselves.  

 

 

5.2.4 Requirements for long -term planning systems  
 

The two previous subsections explained some processes ( 5.2.2) and systems (5.2.3) 
related to the planning of a terminal with an emphasis on long -term planning. Long -term 
planning is essential for several stakeholders in the rail freight industry. IMs need planning 
for capacity management, path allocation and timetabling. This planning helps to check 
the stability of the timetable for user groups across the freight train line, but also enables 
the IM to prepare other timetables in case of strikes and li ne interruptions. The freight 
train operators  may plan long -term together with their costumers to optimise the use of 
their own resources. Terminal operators  may benefit from planning by safe, robust and 
reliable freight service. Inside a terminal and yard, long-term planning enables overview, 
forward -thinking and integrated processes in an otherwise often pressured and traffic -
filled environment.  

However, long -term planning cannot fulfil the full requirements of the shippers and 
logistics transport market. Flexibility is a challenge for train operators as they compete 
with road -based transport companies that are able to organise transport units and  
transport service from one hour to the next one. Thus, shippers and logistics companies 
perceive that the rail freight transport service has a disadvantage compared to road 
freight transport. Train operation companies will have to meet this challenge by o ffering 
better services and advantages in other characteristics like availability of customized 
wagons and loading units, opportunity to transport higher volumes and weights, short 
times for loading and unloading etc.  

The inevitable need for on -request planning and dispatching for the rail freight service, 
especially on the last -mile, makes requirements for long -term planning systems hard to 
state in a concrete manner. Below, we refer to some general technical and funct ional 
requirements for planning systems which are considered necessary to achieve seamless 
long-term planning. Some specified requirements were mentioned in the relevant ɇSɈ 
subsection in 5.2.3. Non-required, but desired functions and capabilities are discussed in 
5.2.5. For a more concrete list of requirements, also including requirements for short -
term planning, we refer to the attached Excel document ɄSeamless Planning RequirementsɅ.  
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User groups  

¶ Clearly and suitably defined system user groups.  
¶ Clearly and suitably defined access policies.  
¶ Clearly and suitably defined planning areas, geographically and in time.  
¶ Differentiated and defined user responsibilities.  
¶ Definition of input provider system/user and output receiver system/user of the 

different system functionalities.  

 

Information processing  

¶ Separating between estimated, planned and actual data information.  
¶ Possibility of storing a pool of relevant data (trains, operations etc) that should be 

planned, but have not yet been.  
¶ Defined agreement on the access to historical plans created by the system  
¶ Defined agreement on the access to historical plans and information relevant from 

other related systems  

 

Interfaces for shared planning systems  

¶ The systems must have a clear scope for which actors and other systems it should 
communicate and share information with.  

¶ Open, not proprietary, interfaces when relevant.  
¶ Clearly separating open from confidential information between the actors.  
¶ Common and standard interfaces across terminal areas.  
¶ Common and standard interfaces across regions.  
¶ Common and standard interfaces across nations.  
¶ National planning systems must implement interfaces from the relevant 

international planning systems, e.g. PCS for path planning.  
¶ National planning systems must properly translate national data into format 

required for international data sharing by the specified interfaces.  
¶ Standardized message -sharing format across terminal areas, regions and nations. 

See e.g. chapter 7.4. 

 
Planning  

¶ Possibility of drafting plans.  
¶ Possibility of storing the final plan.  
¶ Appropriate visualization of the final plan.  
¶ Sharing the final plan with all defined users in an agreed -upon time horizon.  
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¶ The system must have properly detailed information about the planning 
environment, e.g. correct information about relevant track lengths.  

 

 

5.2.5 Functions and capabilities for integrated planning  
 

FP5 TRANS4M-R aims, among other goals, at enhancing yard and terminal planning 
systems. A desire is to increase the level of interaction with network planning systems, so 
that the systems can process data in an efficient and agile way for a better internal  
planning of the resources. The information presented in 5.1 and 5.2.1-5.2.4 founds the 
basis for this section, which in a general way seeks to describe functions and capabilities 
that can improve planning processes and systems.  

  

5.2.5.1 Improving planning in yards and terminals  
 

The Seamless Planning use case environments have discovered the following aspects 
relevant to consider to enhance the long -term and operational planning:  

 

5.2.5.1.1 Prediction models  
Long-term planned times of arrival and departure will naturally be generated with some 
level of uncertainty due to the timespan and lack of finalized information. Based on 
previous knowledge planning systems may use artificial intelligence for predicting s uitable 
times for each train. Prediction is also relevant for the dynamic dispatching and 
operational planning level as exemplified through the use case environment in sections 
7.5 and 5.3. 

 

5.2.5.1.2 Automated decision -support  
FP5 TRANS4M-R will develop digital systems that can interact with the users and 
automatically visualize feasible plans and schedules when the proper input data is 
provided or updated. Such systems incorporate, e.g., optimization and prediction models. 
This innovative functionality will be groundbreaking for the field of both the operational 
and long -term planning processes. Decision support raises the level of overview in time, 
geographical area and between different actors, and will shorten the way towards  the 
futureɄs integrated and seamless planning processes. 
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5.2.5.1.3 What if-capability  
Automated digital systems with decision -support should also include the possibility of 
performing what -if-analyses. This capability will ease planning processes by coping with 
insecurity and visualizing to the planner what will happen if this or that actio n is chosen. 
This capability can answer questions like: What happens in the loading area if this train is 
delayed? What happens if that track is out of order? Intelligent decision -support systems 
may also assist planners by answering: When should this trai n be loaded if it is delayed? 
Where should that train be routed through the terminal if that track is out of order?  

 

5.2.5.1.4 Collaborative planning and decision making  
To a larger extent, stakeholders and actors at the terminal should interact and plan their 
activities through increased level of communication. Plans should be cocreated in an 
interactive and iterative way, ensuring that the scheduling of some activity (e. g. loading, 
portal crane movement, depot rearranging) is related to the scheduling of some other, 
different activity (e.g. shift locomotive movement, stabling trains). The future 
development of systems should to a larger extent focus on collaborative decis ion making.  

The use case environment developing the Asset Warehouse exemplifies how collaborative 
cross-operational short -term planning can be achieved. See sections 5.3 and 7.6.1. 

 

5.2.5.1.5 Data access and sharing possibilities  
Different systems in use by the actors involved in planning processes must allow a 
transparent share of the relevant data. In order to accomplish integrated planning, the 
scope of processed input must exceed the direct output of the relevant planning process. 
Drafts for plans must be communicated as early as possible so that processes depending 
on this knowledge may adapt their planning in an optimal way. For more information on 
thi s matter, see chapter 11.  

Challenges will arise with respect to data access regarding competition, regional boarders, 
update frequency, software interfaces, reliability, format etc. The development of the 
future software for the freight rail system must grasp these at an early stag e, and strive 
to enable safe and honest communication for the greater good.  

 

5.2.5.1.6 System overview  
There is a need for sharing access and information to some terminal system overviewing 
the activities happening at a terminal, but also the planned activities. A bird view of the 
present and planned terminal operations should be available for the key manag ers active 
at different parts of the terminal; train dispatchers, terminal operators, IMs etc. An 
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objective, common overview makes real -time decision making easier despise different 
interests, and ties together processes which may in practice be viewed as isolated.  

 

5.2.5.1.7 Operationalisation of long -term plans  
If long -term plans exist, e.g. for assigning track -time -slots for the loading/unloading of a 
train, the experienced truth is that these plans are rarely followed by the practitioners. 
The important constraints may be satisfied, like on what track some trai n should be 
unloaded, but the time and order with other trains may be very different from what is 
planned. To achieve more seamless terminal operations the long -term plans should be 
attempted to be followed by all actors. If there is a significant gap betw een plan and 
performance, then the performance should be reconsidered and the plan updated. A 
reliable and realised plan gives a common knowledge of what is actually being done at 
the terminal at each time, strengthens the possibility of smart reactions wh en delays 
occur and will, ideally, ensure that all operations are performed at the most suitable time 
slots. Optimizing long -term plans is of no use if the plan is not used on a day -to -day basis. 

 

5.2.5.2 Integrated end -to -end train path  
 

All parties along the rail freight line are benefited from a more integrated planning 
process. What happens in a yard will affect a trainɄs travel on the network, and vice versa. 
A fully integrated end -to -end planning process is, by our experience and due to the 
information in this section, believed to be very hard to achieve. Some reasons are the 
following:  

¶ Different time horizons in the planning processes, from one year to real -time 
decision making.  

¶ Different scope , macroscopic planning of a line or microscopic planning of 
activities within a yard.  

¶ Uncertainty:  How can end user transport be planned if timetables are not 
generated? Can other terminals rely on one terminal performing its activities 
within the deadlines? Uncertainty makes intermodal planning hard.  

¶ Interest conflicts : With respect to, e.g., time being spent on operational 
processes, as well as resources.  

¶ Competition : Sharing systems and processes may be undesirable due to this.  
¶ High pressure : Burst capacity and constant high traffic volume makes routine 

changes hard to realise.  
¶ Political aspects and policies may limit the amount of planning it is possible to 

integrate with other stakeholders.  
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¶ Handover points: Seamless data exchange at points of different transport.  

 
In addition to what was mentioned in section 5.2.5.1 are below some functions and 
capabilities which could ease the above problems and guide the future freight rail towards 
more integrated planning.  

 

5.2.5.2.1 Sharing data on times and location  
Operational planning will be enhanced in all parts of the supply chain by a proper share 
of timestamps, milestones and updated information. This is discussed in detail 
elsewhere in the deliverable, e.g. chapter 8 and 11.  

 

5.2.5.2.2 User and role management for common systems  
Integrated planning may be achieved by using integrated planning systems, where 
different stakeholders may provide information, parameters, suggestions and ideas 
relevant for different plans, or to plan their own operations. Such integrated planning 
raises high demand for cyber security, monitoring and data protection. In some way, 
anonymization of data and correct accesses must be addressed.  

 

5.2.5.2.3 Data warehouse  
Planning will be enhanced by relaunching the use of existing or developing new common 
data warehouses. In this way, reliable, specified information may be shared among actors 
for better operational planning. This may involve actors working from managing 
locomotive inspections to routing end -user transport. The Asset Warehouse (see e.g. 
sections 5.4 and 7.6.1) exemplifies precisely this.  

 

5.2.5.2.4 Iterative processes  
Parts of the end -to -end freight service chain should be planned in an iterative process. 
This enables different stakeholders and actors to share their views and suggestions, while 
also altering them when input from other actors is received. Such processes do exist 
today, but we see the potential for expanding this way of working further: Network ȿ 
terminal ȿ yard ȿ distribution. As a start, iterative planning processes should be 
implemented for use by ɇneighboursɈ in the supply chain. From there, workshops and 
tests should demonstrate how such planning communication can benefit larger parts of 
the service chain.  
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5.3 Short -term requests and changes in the current timetable 
period regarding the first - and last -mile planning systems and 
functions  

Freight specific definition of use cases/applications when short -term planning is 
necessary. Based on previous analyses of the operational and commercial activities of RUs 
in the field of cooperation were identified several serious deficiencies which unnec essarily 
increase the capacity requirements on cross -border lines, especially at neighbouring 
stations. There are very fundamental constraints that consist in inadequate transport 
information. Due to lack of information RUs have to stop trains at hand over  stations to 
complete the information (besides other things for the needs of its own customers).  

Related EDICT milestones, resp. processes involved are following:  

¶ P1 From production and customers to transport,  
¶ P2 Road-based transport to/from terminal,  
¶ P3 Loading and unloading processes,  
¶ P4 Shunting departing and arriving trains,  
¶ P5 Transport on the main line,  
¶ P6 Shunting movements in a yard,  
¶ P8 Transport to end -user. 

5.3.1 Identified shortcomings  

Along the transport chain, insufficient and/or lack of immediate information on delayed 
trains may result in interruption of operating processes or a lack of supply. This can have 
a strong impact on the suitability of rail transport for specific commodities which rely on 
just -in-time production. The project deals with the solution based on improved train 
running information, wit h the time saved proxy in each RFC by a smooth handover of the 
Estimated Time of Arrival (ETA) and an active transport planning and management.  

The identified shortcomings and their solutions are mainly in insufficient communication 
between railway freight RUs (missing or wrong information), in information exchange 
about planned train running and capacity planning of other resources (engines, driv ers, 
other staff), and train composition. The train planning processes are significantly 
interconnected between RUs due to the mutual use of resources (locomotives, drivers, 
wagons). Data exchange standard is not applied for the resource planning process. With 
the measure of trains, it is not possible to effectively perform the coordination of 
processes among RUs without IT support. The most common reason for stopping trains 
at border or handover stations is in order to replace engine or the driver, due to 
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impossibility to coordinate shifts and timetables of resources and therefore share them. 
To streamline the operation process and eliminate idle times at borders, the RU needs 
train data of partner RU right during planning process to adapt its own plans. At  the same 
process, it is possible to define the requirements for the return of resources back from 
the cooperating RU. The development of new data interfaces of the information systems 
ELITE and DISCOR is assumed. It would lead to a data exchange of the tr ain plan, its 
requirements and composition between the systems.  

5.4 Requirements on short -term planning systems different 
from long -term planning systems  

Preparation of resources for a specific transport is based on the requirements of e.g. the 
customer at the time of the transport order. Also, at the time when the transport is in 
progress, but the plan can still be planned/refined.  

Short -term planning data is an input for the dynamic dispatching (preparation of the shift 
plan). Time of input is, for example, period from 10 days to approx. 12 hours prior to 
execution on a specific transport section/responsibility.  

Determination of resource requirements (including local resources) is depending on the 
refined plan (short term). The resource requirements are entered into the Asset 
Warehouse. Results are based on demonstration shifts.  

Outcome of the process are data on planned transports (route/path, shipment, timing, 
physical properties) during a defined short -term period, which requires partial data 
acquisition also during implementation on the foreign section and identification of 
deviations in transport characteristics compared to the long -term plan ȿ changes in times 
and route/path as well as changes in shipment and physical properties. Current data form 
long-term planning systems are not complex and reliable. Due to that is propose d usage 
of multiple data resources.  

Proposed Asset Warehouse system receives regular ETA updates from the connected ETA 
prediction system. This input supports and enables some of the key functions of the Asset 
Warehouse, such as the reassignment of planned resources. In turn, the ETA predict ion 
system receives data from the dispatching management systems.  
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Figure 17: Asset Warehouse - Resources assignment for Short -term planning/Dispatching systems  

5.4.1.1 Identifying requirements for establishing reliable planned time 
of arrivals from yard/terminal departure predictions  

Train path planning, especially long -term planning, is partially based on information with 
inherent uncertainty, such as the actual yard/terminal arrival and departure times. This 
uncertainty for the required resources promotes the gap between planning and  
operations, which naturally interferes with the reliability of the planned time of arrival to 
the following yard/terminal.  

Currently, deviations between the planned train departure from the yard/terminal and 
the actual one is addressed by the infrastructure manager's dispatcher, whose objective 
is to decide the actual departure time of the train from the yard/terminal into the  
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mainline. This decision is made based on the real -time capacity conditions on the 
mainline, which limits the reliability of long -term planned times of arrival that were 
established at earlier stages. A trainɄs planned time of arrival is reliable as long as the path 
plan is robust to delays, and the actual train departure from the yard/terminal is aligned 
with the reserved path plan. As freight trains in general have lower dispatching priority on 
the mainline (Crozet, 2014, p. 28), they are exposed to a higher risk of delays in case of 
network disturbances, and the reliability of their planned times of arrival becomes also a 
product of unplanned conflicts and the possible dispatching decisions from the 
infrastructure manager.  

As the timeline transitions from long -term planning to real -time operations, more 
information that become available can be used to improve seamless planning. Previous 
studies have shown that data -driven approaches can improve the predictability of yard 
departures  (Minbashi et al., 2023). Improved predictions of yard/terminal departures can 
identify the mismatch between long -term or ad -hoc train path planning with the actual 
operational requirements. An identified mismatch can become valuable for the provis ion 
of short -term planning for the train transition from yard/terminal (FP5) to mainline (FP1). 
Such short -term plan can improve the seamless planning between two yards/terminals in 
two aspects. First, by improving the resources utilization on yard/termina l as well as on 
the mainline. Second, by improving the reliability of the planned time of arrival by 
incorporating the effect of possible dispatching decisions from the infrastructure 
manager when adjusting the trainɄs path plan.  

 

 

Figure 18: Integration of departure prediction model with the short -term planning module  

This work requires integrating departure prediction model with short -term departure 
planning module as shown in Figure 18, which will be part of the Mal mö and Alnabru 
demonstrator. This integration work serves as a proof of concept on how to implement 
early predictions to improve planning in short -term, therefore, the concept can be applied 
with basic input requirements, which can be developed further with more informat ion 
that is available. The requirements for the prediction model are identified in Section 7.5.1. 
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The objective of the short -term departure planning module is to identify a trainɄs 
departure time from the yard/terminal to the mainline that balances between the capacity 
utilization in the yard/terminal and the mainline. Therefore, the following requirem ents 
are identified for establishing a reliable planned time of arrivals:  

- The machine learning model must provide predictions of freight trainsɄ departure times. 
These departure predictions will serve as an input for the short -term departure planning 
module as it will be used to identify possible mismatch with long -term planni ng. Trains 
that are identified to have such a mismatch will then be selected for evaluation and 
planning in the short -term departure planning module.  

- For each of the selected trains, two capacity utilization functions will need to be 
constructed as suggested in the illustrative example in Figure 19. The first function is 
based on the capacity utilization for yard/terminal waiting. This time function will need to 
be based on the occupancy of the yard/terminal after the predicted departure time, i.e. 
the penalty of waiting in the yard/terminal. The objec tive is to identify if the train should 
wait further in the yard/terminal before the IM dispatcher allows it to enter the mainline. 
This offers the possibility for the train to avoid entering the mainline if it is too congested 
and the yard/terminal is rel atively less congested. Therefore, this function requires 
information of the last updated plan of yard/terminal resources usage.  

 

Figure 19: Illustrative example on the suggested departure time from the yard/terminal  

- The second function is also part of this departure decision, where this function will need 
to be based on the capacity utilization condition on the mainline, i.e. the penalty of 
allowing the train to enter the mainline rather than waiting in the yard/ter minal. 
Therefore, this function requires information of the last updated plan of main lineɄs 
resources usage between the two connected yards/terminals, this can be for instance the 
last updated timetable. The overall capacity utilization function is the su mmation of the 
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two functions, which will identify the time that has the minimum utilization to be the 
suggested/planned departure time. This planned departure time balances between the 
capacity utilization in the yard/terminal and the mainline.  

- To ensure that a reliable planned time of arrival can be achieved with the planned 
departure time, the mainline capacity function should be based on the last updated 
timetable, and should be reflective to the main lineɄs capacity occupancy, maintenance 
work, runtime of the train to the next yard/terminal, and the risks of potential events or 
dispatching decisions that may cause delays for the train. Therefore, a simulation tool with 
dispatching logic will be used in connection with the predicted departure  time to evaluate 
the associated delays with each departure alternative.  

 

5.5 Short -term cross border planning system based on unique 
transport identification  

The above-mentioned shortcomings either directly or indirectly extend idle times or 
otherwise seriously affect the quality of rail freight transport as well as the cost -
effectiveness of individual transport operations. Shortcomings affect not only the 
planning and operation on cross -border sections but also on the national sections. 
Regarding the RU, it is therefore about the development of a communication system. 
Regarding the solution, it is about developing an interface for existing information 
systems and about the development of a new tool for (small) RUs (both based on TAF TSI 
communication). Standardised communication is also not affected by information 
systems individual organisations are equipped with. Proposed solution developed within 
the project meets condition of accessibility for use by all operators, it means on a non -
discriminatory basis and may be available for use by all freight carriers.  

The aim is to provide railway RUs a comprehensive tool (information system/component) 
helping them increase competitiveness and thus help effectively change modal 
distribution. Developed tools will not only help to improve the quality of services offered 
but will also help to speed up data interchange among external systems, resulting in a 
synergistic effect that will result in shorter delivery times, greater volumes of goods 
transported and manipulated, and greater flexibility of services provided.  

Implementation significantly rationalizes the processes of planning and utilization of 
resources, integrates maximum information into a comprehensive package with 
transport identification. It will also enable the coordination of plans between partners in 
the specification of transport parameters (especially critical transport times of handing / 
taking over of resources used during transport). All processes are linked to the shipment 
initiation process and use the shipment information came up from the precis e planning.  
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Implementation will significantly accelerate the process of cross -border transport and 
check-in at the initial and end points of transport. It will remove unnecessary downtime 
to the transport. The result of the proposal is a new interface enabling the coo rdination 
of plans between transport partners, including notification of expected changes.  

The train planning and dispatching system components match route needs with 
resources (allocation, validation) in the short -term and ad hoc, including path 
requirements (FP1 ), see Figure 20. 

Short -term planning based on Asset Warehouse has following features:  

¶ Redesign of a short -term process regarding cross -border path requests, 
cooperation on implementation, including an interface for harmonising transport 
planning of business cases (consignment/train) between railway undertakings.  

¶ IMs' planning information systems (FA1) define route coordination based on TAF 
TSI (for example PCS, TIS etc.).  

¶ Relevant partners, such as small RUs (project partners or others not participating 
in the project) are willing to synchronise business cases, transport planning, and 
code lists.  

¶ Introduction of multilateral communication between RUs based on the unique 
identification (reference case, TSI TAF attribute) of the transport with emphasis on 
the confirmation of the reservation of the resources allocated to the 
transport/train.  

¶ Harmonization of the resource allocation process on a cross -border section with 
implications for the last mile and CZ sections (related to the reference case).  

 

 

Figure 20: Short -term planning and cross border harmonization incl. small RUs from the perspective 
of CD Cargo  



 
 

D25.1 PU - Public | V3.0 |Final                              84 | 393                            FP5-TRANS4M-R - GA 
101102009  

 

Abbreviations used: TMS = Transporting management system, ELITE = System for short -
term resource planning, DISCOR = Information system for support of operational 
management, ESB = Enterprise service bus  

 

5.5.1 Interface description  
The interface between the short -term planning system and dispatching systems will 
process the collected information to put them into a useful standard. This processing 
requires additional information on the trains described in the dispatching systems which  
can be taken from TAF TSI messages. Those message types that are relevant for the 
interface will be described in the following section.  

TrainStatus  

TrainStatus is a message about the current position of the train. The request is expected 
to include the whole TrainStatus message. TrainStatusRequest is called by dispatching 
management system providing actual Train Status. This request will be set up by Asset 
Warehouse.  

Use case specification of an inter -railway cooperation in planning  

The use case specification of an inter -railway cooperation plan in the context of FA1 
processes is defined and demonstrated through two case studies.   

Train planning/dispatching from/to the terminal/yard, operated by CDC  

This use case focuses on coordination of planning and dispatching processes during 
transport. The primary challenge lies in supporting the processes by relevant data 
exchange among all stakeholders involved. Everything begins in the planning phase, 
where i nformation about the planned transport is available to coordinate future data 
exchanges (demonstrated in WP 26). This entails sharing details from the 
owner/keeper/leader of the transport with each partner, primarily for transmitting the 
unique identificat ion number (UID) of the transport. The planning process constitutes a 
crucial step where specifics about the transported goods or materials are refined 
collaboratively, enabling effective information exchange among all parties involved. In 
initial phase of  information exchange, establishing a clear line of communication from the 
owner/keeper/leader of the transport to each partner lays the foundation for seamless 
collaboration. The communication channel, particularly concerning the UID of the 
transport, for ms the backbone of subsequent interactions among stakeholders. The aim 
is to coordinate planning at the level of paths and resources. It is necessary to accept 
different time milestones for each partner. For example, when the terminal operator 
finishes its  process, the first RU starts its dispatching phase and the next RU is still in the 
planning phase. Progress stages among partners, particularly the RUs, require adaptable 
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strategies. For instance, while the terminal operator completes their processes, the first 
RU enters the dispatching phase, creating a dynamic workflow. Flexibility in timelines 
becomes crucial, ensuring a synchronized approach despite diverse stages of pa rticular 
transport. An adaptability is vital in harmonizing the efforts of different railway 
undertakings, allowing them a seamless transition through various stages of the transport 
process. In such a complex process, effective communication and data shar ing are crucial 
for a smooth operation. The RUs need to have access to real -time information about the 
status of resources and schedules to make qualified decisions.  

Real-time access to crucial information is pivotal in ensuring that RUs can make timely and 
informed decisions. Access to up -to-date data regarding resources and schedules 
empowers RUs, enabling them to optimize their decision -making processes.  

Assets Warehouse features  

Dispatching phase is closely linked to ETI/ETA calculation process (WP 28). Every change 
in an agreed plan must be checked against the resource availability. In case of conflict the 
reallocation process has to be started. As a support it is used the Asset Warehouse tool, 
which is able to offer available resources of another stakeholder (WP 27).  

The Asset Warehouse tool plays a vital role in the data exchange, as it provides a 
centralized platform for RUs to access and reserve resources from various stakeholders. 
This simplifies the process of reallocating resources when conflicts arise.  

Finally, in case of reallocation process, it is necessary to check the availability of the 
requested services (marshalling, shunting, brake testing, technical inspection, etc. ȿ WP 
31). 

During the reallocation process, a thorough examination of the availability of requested 
services becomes essential. Services like marshalling, shunting, brake testing, and 
technical inspection (as outlined in WP 31) are scrutinized, ensuring that each ser vice is 
available when needed, maintaining the fluidity of the transport process.  

Requirements:  

¶ Innovated data interchange of connected items to ensure proper information at 
the appropriate time and with the right IDs, based on TAF TSI ȿ particularly the 
unique identification of trains as they go through each country and IM. In this 
particular instan ce, it refers to the interchange of data between the ČDC planning 
and dispatching system (ELITE, DISCOR) and any other system used by another RU.  

¶ New data exchange for sharing available resources, which refers to resources 
planning systems (like ELITE on ČDC) and transport and activity planning (like 
DISCOR and PRIS on ČDC). The provider of data exchange will be the Asset 
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Warehouse system which provides service booking process among different 
stakeholders.  

¶ A centralised database and point of access for conducting queries on locally 
accessible public information (such as the location of access to sidings, the terms 
of such access, and the time slots for deliveries).  

¶ The creation of an identifier for the object's owner in order to facilitate data 
interchange (transport, train).  

Data providers:  

It requests data related to the transport (with any unique ID) in real time mode, e.g. 
transport announcement in planning phase (leading RU -> terminal operator and 
participating RUs), preparation process in terminal (terminal operator -> 1st RU and 
leadin g RU), ETI/ETA calculation (RUs) and inputs for marshalling (RU -> marshalling yard 
operator).  

State of the art (data exchange):  

¶ RU -> Customer/terminal (in CZ) only dedicated non -standard data exchange  
¶ RU -> RU old fashioned UIC Hermes data exchange (A30 Train pre -advice, A31 

wagon movement, A40/41 consignment message)  
¶ RU -> MYO internal ČDC data exchange 
¶ ETI/ETA is solved only in internal ČDC systems. 

The use case underscores the critical role of efficient planning and data exchange in the 
realm of railway operations. The coordination between various stakeholders, including 
RUs, is pivotal in ensuring the smooth and reliable transportation of goods. The  innovative 
data exchange, resource sharing, and real -time access to crucial information are central 
to this endeavour. The utilization of tools like the Asset Warehouse system facilitates the 
process and minimizes disruptions, while adherence to TAF TSI s tandards enhances 
interoperability across borders. The adoption of such practices and technologies is 
necessary to meet the growing demands of the transportation landscape.  

Use Case Hamburg ȿ Prague  

The first case is the transport of containers between selected terminals, where the 
distribution of containers occurs before and after the use of sea transport.  

Type: Unit train  

Comodity  
Combi - 
container  

    Planned resources  

Route 1 Route RU State Licence Track Loco Driver  Staff 
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Departure  
Hamburg -
Waltershof  

ČDC DE DE ČDC DE 
Termina
l 

ČDC DE ČDC DE 
Termina
l 

ETA 
decisive 
point  

X km / X min  ČDC DE X X X X X 

Handover 
point  

Bad Schandau 
ČDC 
DE/ČDC 

DE 
ČDC 
DE/ČDC 

DBN 
ČDC 
DE/ČDC 

ČDC 
DE/ČDC 

X 

Via 
Ústí nad Labem 
hl. n.  

ČDC CZ ČDC SZCZ ČDC 
ČDC 
DE/ČDC 

X 

Destinatio
n 

Praha-
UhŘíněves 

ČDC CZ ČDC SZCZ ČDC ČDC Metrans  

Comodity  
Combi - 
container  

    Planned resources  

Route 2 Route RU State Licence Track Loco Driver  Staff 

Departure  
Hamburg -
Waltershof  

ČDC DE DE ČDC DE 
Termina
l 

ČDC ČDC DE 
Termina
l 

ETA 
decisive 
point  

X km / X min  ČDC DE X X X X X 

Handover 
point  

Bad Schandau 
ČDC 
DE/ČDC 

DE 
ČDC 
DE/ČDC 

DBN 
ČDC 
DE/ČDC 

ČDC 
DE/ČDC 

X 

Via 
Ústí nad 
Labem-StŘekov 

ČDC CZ ČDC SZCZ ČDC 
ČDC 
DE/ČDC 

X 

Destinatio
n 

Česká TŘebová ČDC CZ ČDC Metrans  ČDC ČDC Metrans  

Table 5: Use Case Hamburg - Prague  

Use Case Nymburk - Emden  

The second case is the transport of cars from the şkoda Auto car factory (Mladá Boleslav, 
Solnice) with collecting in MY/terminal Nymburk (CZ) to Emden terminal.  

Type: Unit train  
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Commodit
y 

Automotive      Planned resources  

Route 1 Route RU State Licence Track Loco Driver  Staff 

Departure  Nymburk hl. n.  ČDC CZ ČDC SZCZ ČDC ČDC ČD 

ETA 
decisive 
point  

X km / X min  DBC DE CZ X X X X X 

Via 
Ústí nad 
Labem-StŘekov 

ČDC CZ ČDC SZCZ ČDC 
ČDC/DB
C DE 

X 

Handover 
point  

Bad Schandau 
ČDC/DB
C DE 

DE 
ČDC/D
BC DE 

DBN 
ČDC/DB
C DE 

ČDC/DB
C DE 

DBC DE 

Destinatio
n 

Emden DBC DE DE 
DBC 
DE 

Termin
al 

DBC DE DBC DE 
Termina
l 

Commodit
y 

Automotive - 
empty  

    Planned resources  

Route 2 Route RU State Licence Track Loco Driver  Staff 

Departure  Emden DBC DE DE 
DBC 
DE 

Termin
al 

DBC DE DBC DE 
Termina
l 

ETA 
decisive 
point  

X km / X min  ČDC DE X X X X X 

Handover 
point  

Bad Schandau 
DBC 
DE/ČDC 

DE 
DBC 
DE/ČD
C 

DBN 
DBC 
DE/ČDC 

DBC 
DE/ČDC 

DBC DE 

Via 
Ústí nad 
Labem-StŘekov 

ČDC CZ ČDC SZCZ ČDC 
DBC 
DE/ČDC 

X 

Destinatio
n 

Nymburk hl. n.  ČDC CZ ČDC SZCZ ČDC ČDC ČD 

Table 6: Use Case Nymburk - Emden  

Above-mentioned use cases are aligned with the description of Loading Tracks 
Assignment presented in section 5.2.3.6. These use cases are also relevant for short -term 
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planning and subsequently in dynamic dispatching. Resources assigned in long -term plan 
will be reassigned through Assets warehouse algorithms. The reassignment must by 
coordinated on both sides of border (it is necessary to establish using of unique 
identi fication of transport).  

 

5.6 Capacity view and forecast web frontend  
 

In recent years shippers have to a large extent organised their production with a reduced 
level of storage/stock, using just in time or just in sequence logistic procedures. This goes 
in hand with a high dependency on the quality of the services, but espec ially also with the 
requirement to recognize early enough if in the coming weeks and months their transport 
mode of choice for their production plants will be affected by relevant capacity 
restrictions. Nowadays even their service providers (intermodal ope rators / RUs) do not 
have a full picture about the available infrastructure in the coming weeks and months and 
must cancel their services on short notice. Short notice is in this case to be understood as 
a time span which does not allow to prepare sustaina ble mitigation measures.  

If for example a shipper is usually transporting spare parts or raw material 3 times per 
week from one plant to another and has a maximum stock for 2 -3 days of production, the 
shipper is highly affected if more than one of the trains must be cancelled with out 
sufficient early notification. Then there is either the (limited) chance to run a respective 
number of additional trains on short notice to increase the stock level before the track 
closure starts, which is mostly not possible, on one side as the resou rces of the RUs might 
not be available on short notice or as the capacity limitation of a line or network section 
will affect / has affected not only their trains but also others which have to be re -
scheduled. Therefore, it is often the only chance to swit ch a reasonable amount of 
transport volume back to other modes of transport, which leads to higher additional costs 
and a loss of environmental performance of their supply chain.  

If certain temporary capacity restrictions (TCRs) on the European network would have 
been visible for either internal or external logistic management departments in a simple 
and easy way, these could have prepared mitigation plans and could have increased the 
stock volume for the respective period by ordering additional trains or additional capacity 
on trains early enough in the time period before the capacity limitation, so that the 
emergency usage of road could be prevented.  

The relevant information enabling to prepare, initiate and implement such alternative 
solution, is in several cases available only in a scattered way in the various systems of the 
IMs, is only partly processed by the operators, and is not easily accessible . Consequently, 
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there are several constraints and reasons for a limited proactive usage of the information 
for the logistic departments of the shippers.  

Even if the information is partly available it is not accessible transparently or at least not 
in an effective way. Searching in various data sources, requesting and exchanging 
information via phone or mail, and repeatedly updating this to stay up to date on a dayly 
or weekly basis is burdening or even preventing any pro -active management of the supply 
chain and storage concept.  

The required information must be available at least clearly assigned to specific lines and 
network sections and should include the period during which the capacity restriction will 
be effective. Detailed information about the limitation (full track closure , single track 
operation, speed limitation, ...) should be provided. The basic system accessing the data 
framework must be capable to manage TCRs in an appropriate way, to feed a respective 
web-frontend with filtered/merged/processed information. The users  should be able to 
enter origin and destination, as well as a time period or specific date, and should receive 
filtered information on TCRs for these settings, shown on a map and/or in a list to be 
downloaded. In this step, the approximate effects of the T CRs can be calculated based on 
the existing information which allow a categorisation of TCRs. If timetable data should be 
connected to the system, this calculation will show the effects of TCRs on single train runs 
with a higher precision. This information  might also be pushed following an abonnement 
to the service. The system might allow to register and to safe certain settings and favourite 
filter combinations (e.g. for regular transport relations, ...).  

In a later second version, an interface to the LTP (daily) or effective daily timetable could  
allow to enter a train number and to receive a result of limitations affecting this train 
during a period or a specific date. This enables to check whether the r estrictions for the 
maximum number of TCRs affecting a single train run have been violated. Additionally, 
the forecasted daily run time extension for all affected train will be given. Besides the 
mainline, also TCRs on sidings or loading points could be co nsidered in a second version.  
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6    Dynamic Dispatching  
6.1  Overall target  

Dynamic Dispatching is the combination of two major elements. On the one hand it is the 
operational know -how about how to optimize tasks and actions in Yards and Terminals, 
thanks to digitalization to visualize it and there for to support effective decisio ns. The 
second and most important part about it, is the integration of dynamic information. 
Dynamic updates about estimated time of arrivals in order to minimize unproductive 
actions and to maximize the use of existing infrastructure.   

The objective of dynamic dispatching is to implement a harmonised real -time interface 
between Railway Traffic Management System and the yards and the terminal 
management systems, in order to dynamically adapt planning and tasks in yards and 
terminals accor ding to real -time evolution of traffic and availability of assets. Overall 
objective to enable harmonised yard operations and terminal operations across Europe 
to further ease interaction between different yards or between different terminals or in 
between  yards and terminals.  

The specification part reflects the ambitions stated in the grant agreement. It is split 
between 6.2 with the focus on Terminals and 6.3 with the focus on Yards.  

In preparation for Workpackage 27 it was the common objective of the project partners 
to identify where today real time information is either missing and or received too late in 
either Terminals or Yards and where this missing information is leading to une fficiencies. 
It was therefor agreed in several Workshops, that the Workpackage 27 wants to focus on 
different use cases to show with practical and real examples, where live information is 
either increasing efficiency or maximizing the use of existing infra structure. This led to the 
five different use cases described in 6.4. which are the fundamental basis for the 
envisaged developments with Workpackage 27.  

The description has been coordinated by the joint parties and was aligned with a strong 
demand management from the multimodal industry via a substantial part of market 
stakeholders in multimodal freight.   

  

6.2 Dispatching process in Terminals  
  

According to various interviews with different terminal operators, the dispatching process 
in terminals is today a very demanding task. The demanding part is not coming from the 
complexity of the tasks and operational procedures as such, which are relative ly simple 
and well structured. The complexity arises of the permanent, short term adaptions of 
tasks in order to respond to events and delays.  
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The processes described in D2.1 was established in close interaction with the 
stakeholders of Workpackage 27 and does therefor align well with what is described here. 
Whereas the processes in D2.1 focus clearly on the coupling and uncoupling and the 
relate d tasks in the yards and terminals, the processes in preparation for Workpackage 
27 do focus on the operational and commercial procedures around the dispatching in 
terminals and yards.  

Below graph shows the process steps of intermodal services with goods entering and 
leaving the Terminal, with a special focus on the most common intermodal service, truck 
to rail and vice versa.  

 

 

 

Figure 21: Intermodal sequence in terminals with process steps and actors, respectively locations  
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Location  Ac6.1 ȿ Terminal Truck Gate  
Related processes  P6.1 Container in  
Specified actors  Terminal operators, cargo carriers, trucks, cranes  
Activities  Truck delivers container, terminal receives Container, 

controls weight, documents, enters data into terminal 
system, checks for damages on container  

  

Location  Ac6.2 ȿ Railway Network  
Related processes  P6.1 Container in  
Specified actors  Terminal operators, cargo carriers, cranes  
Activities  Train arrives, waggon consist and estimated time of arrival 

are announced, loading units are pre -announced, 
container, terminal receives train and container, checks 
waggon consist and loading units against what was 
announced, controls weight, documents if 
available/necessary, enters data into terminal system, 
checks for damages on container  

    
  

  

Location  Ac6.3 ȿ Terminal Railway (Last Mile)  
Related processes  P 6.1 Container in  
Specified actors  Terminal operators, cargo carriers  
Activities  Train is split into two if track is too short, train is sorted for 

departure, waggons are checked for damages  
  

Location  Ac6.4 ȿ Depot  
Related processes P 6.2 Container Storage  
Specified actors  Terminal operators  
Activities  All Containers without direct reconnection are stored in 

depot according to envisaged priorities  
  

  

Location  Ac6.5 ȿ Terminal Railway (Last Mile)  
Related processes  P 6.3 Container out  
Specified actors  Terminal operators, cargo carriers, infrastructure manager  
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Activities  Waggon consists, loading units and estimated time of 
departure are announced to infrastructure manager  

  

Location  Ac6.6 ȿ Railway Network  
Related processes  P6.3 Container out  
Specified actors  Terminal operators, cargo carriers, cranes  
Activities  Train is split into two if track is too short, Train is sorted 

for departure, Containers are loaded according to 
contracts or priorities, loading distribution according to 
waggon restrictions, dangerous goods restrictions, track 
restrictions, destinations, waggons are checked for 
damages, Loading is checked for safety  
  

  

Location  Ac6.7 ȿ Terminal Truck Gate  
Related processes  P6.3 Container out  
Specified actors  Terminal operators, cargo carriers, cranes  
Activities  Truck picks up container, controls weight, documents, 

forwards data to cargo carrier, final check for damages on 
container, terminal receives acknowledgement of pick up  
  

    

  

Location  Ac6.8 ȿ Depot  
Related processes  P6.2 Container storage  
Specified actors  Terminal operators, cargo carriers, cranes  
Activities  Container damage is detected, check with Container 

owner about repair and commercial details  
  

  

In theory as highlighted above the dispatching process is a series of not exhaustively 
complex tasks where basically the available loading units in the terminal and the available 
capacity on road and rail to transport the loading units within the pre -defin ed timetable 
slots are compared and optimized.  

The large amount of short -term influences make optimal decisions difficult or even 
sometimes nearly impossible.  
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Short -term influences are on the one hand the market demands, such as short -term 
priority shifts of loading units due to customer wishes. Such short -term priority changes 
are difficult to change or eliminate.  

On the other hand, it is all about availability of resources. The most obvious and straight 
forward short -term cause for dispatching is train delays. Those are the major part of the 
whole Seamless group to try to avoid them where possible and where not pos sible to 
announce them as early as possible and in a standardized format to all relevant 
stakeholders.  

Other short -term influences on the pre -defined dispatching processes are damages on 
waggons or loading units and wrong waggon loadings or waggon consists. The main 
objective of the interaction between Workpackage 27 and Workpackage 32 is to have a 
standard ized data transmission of a minimum set of data from Video Gates and also here 
to make this information accessible for the relevant stakeholders. Minimum data would 
be waggon type, waggon number and Loading Unit identifier (ILU Code). If this 
information i s completed, this could erase a general process step in a terminal or Yard - 
the ɇwaggon checkɈ - and it could again help to plan accordingly in advance if a different 
waggon composition than planned is approaching the terminal.  

Last but not least, it is the surrounding transportation modes, such as Trucks and the 
maritime world, that this Workpackage will try to address who to best forward latest 
information about estimated time of arrivals and potential delays.  

Marshalling yards are large railway yards where waggons from inbound trains are sorted 
into new outbound trains. There are often multimodal terminals in connection to 
marshalling yards, which means that the yards are not only the hubs of the railway 
networ k, but also for the transportation network as a whole. This makes yards an 
important point of interaction for many different actors, which brings some challenges 
and opportunities. (ARCC, 2018) presents the results from an analysis of the line -yard 
interfa ce in Sweden, and identify a number of problems that occur during operations. For 
example, coordinating shunting movements in the yard, managing trains that run early or 
late and identifying foreign cars.  

  

6.3  Definition of interface and system interaction requirements 
with other (planning) systems for Yards  

  

To ensure that all data relevant for dispatching decisions are available to the dispatcher 
to consider them in the search for the best decisions. Thus, the IMɄs CMS has to translate 
the capacity plan and all further updates that will be provided by the yar d manager to an 
operational plan. New updates provided by the yard operator to the IM must also be 
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translated for the IMɄs TMS. Vice versa, updates from the TMS must be available to the 
CMSs to check them for necessary rescheduling. To show the relevant communication 
between the involved systems, 5 capabilities are defined.  

 

Figure 22: The line -based/national CMS and the yard -CMS communicate relevant capacity plan 
updates to the line -based/national operational plan  

  

According to the capabilities described in chapter 5 on seamless planning, the Yard -CMS 
communicates relevant local capacity plan updates to the (line -based / national) CMS. 
Hence, these updates will need to be translated to the Operational Plan delivered by the 
CMS to the TMS. This applies to all information on new planned, changed, and cancelled 
train paths, on new planned, changed, and cancelled TCRs, new planned departure and 
arrival tracks, and on earlier or later planned availability times in the depa rture track of 
the handover area of a yard.  
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Figure 23: The line -based/national TMS communicates relevant operational plan updates to the line -
based/national capacity plan which is connected to the yard capacity plan  

Conversely, the (line -based / national) CMS communicates relevant local capacity plan 
updates to the Yard -CMS which is also described in section 6.3. Hence, any changes of the 
Operational Plan requested by TMS based on train running status, forecast and train 
controller decisions will need to be translated to the Capacity Plan managed by the CMS. 
It must be possible to provide information on trains that  are cancelled due to train 
controllersɄ decisions, changed arrival tracks in the yard, changed arrival or departure 
times, changed arrival tracks, and on new planned, changed, or cancelled operational 
TCRs. 
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Figure 24: The EU-centralized applications communicate relevant updates to the line -based/national 
operational and capacity plans  

  

The IM needs real time information on the estimated times of arrival at handover 
locations of borders that can be extracted from TAF TSI messages provided by RNE. 
Information on TCRs behind the border is also received from TAF TSI messages. To also 
update the CMS, the information is transmitted to the (national / line -based ) CMS and the 
Yard-CMS. Based on the ETH data, the TMS must calculate a forecast for the local network 
and provide it to other clients and RNE as TrainRunningForecastMessages.  

 

Figure 25: A line -based/national TMS exchanges relevant operational plan updates on the local 
network with the neighboring line -based/national TMS behind the border for defined sections  
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The (line-based/national) TMS exchanges relevant updates of Train Running Forecasts and 
operational TCR information on the local network with the neighbouring (line -based / 
national) TMS behind the border for defined line sections. The neighbouring IM need s this 
information in its TMS to calculate estimated delays at handover points in the 
neighbouring network and to determine necessary timetable adjustments. Train Running 
Forecasts and operational TCR status information for cross -border freight trains are 
exchanged on defined sections to detect conflicts.  

 

Figure 26: The TMS deals with situations that typically occur in the cross -border context  

  

The TMS must analyze the impact of incidents that occur specifically in the cross -border 
context. In case of TCRs behind the border, the impact must be identified and managed 
by identifying related conflicts with cross-border freight paths, indicating decision options 
on the local network, and implementing required decisions for handling these conflicts. If 
there should be one TCR on each side of the border, the TMS must show the impact of 
these TCRs if they are no t coordinated. In general, conflicts of international trains 
impacted by TCRs on both sides of the border must be identified and solved, and 
connected shunt -moves to the yard must be featured. Knock -on delays due to the 
planned vehicle exchange at handling  locations must be taken into account if they are 
caused by delayed inbound trains. If the conflict resolution at a handover location leads 
to changes in the train sequence, these changes must be considered and implemented in 
the operational plan.  
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6.4 Dynamic interaction the envisaged Use Cases  
  

The group of Workpackage 27 has focused on 5 different Use cases to demonstrate the 
advantages of how seamless real -time data exchange can accelerate process and 
stimulate for more freight on rail. The first show case focusses on a dynamic terminal 
operati ng system, dynamic task adaptions thanks to real time data from the traffic 
management system and sophisticated intermodal prediction.  

The second use case demonstrates how the interaction with real time data from video 
gates can enhance operational procedures.  

The third Use case elaborates on how the dynamic information from traffic management 
systems and intermodal prediction can support a decision support functionality for the 
various tasks and conflicts in a yard.  

The fourth Use case demonstrates the booking for marshalling yard services in order to 
analyze the impact of change requests by reordering activities in the last mile, terminals 
and Marshalling yards with a support of dynamic scheduling.  

The last Use case focusses on the prolongation of the promising works that have been 
accomplished during the Shift2Rail project YCS around dynamic dispatching requirements 
for yard coordination system in Malmö, Sweden.  

All Use cases want to demonstrate as the Key Performance Indicator how processes could 
be accelerated with a before and after comparison, with or without dynamic data to help 
make processes and decisions faster and more accurate.  

All Use cases are focussed on real applications, in order to avoid theoretical work, that 
finds no application in the real intermodal world. But the focus of the use cases is to 
demonstrate the benefits in order for them to become blueprints for the Europe an 
intermodal sector.  

  

6.4.1 Dynamic Dispatching in an Intermodal Terminal in Germany  
( Industriestraße 1, 36269 Philippsthal (Werra) ) 

This is the specification of the Use Case 1 as a result of Workpackage 27 dynamic 
dispatching and the associated developments, respectively the challenges to overcome.  

The use case has the objective to demonstrate a dynamic interaction of a terminal 
operating system and therefor the dynamic adaption of tasks to be performed on a given 
day with the objective to avoid empty spaces on freight trains, reduce delays in depart ure 
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of both truck and trains and to reduce unproductive craning. Reduction of time in terminal 
of a truck and reduction of time in terminal of containers.  

A typical intermodal terminal has containers coming in via rail or road (train in and truck 
in) and Containers going out via rail or road (train out and truck out). Most effective 
transports are the once where truck in goes directly on train out and train in is directly 
loaded on truck out. Such direct operations have the least craning movements and fastest 
change over time. In larger terminals such direct operations are nearly never operated as 
trains are much faster unloaded and processed. Therefor the Co ntainer depot acts always 
as the in between buffer. In smaller terminals a train sometimes is in the terminal for 24h 
which allows such direct operations in some cases, but also in smaller terminals the 
majority of Containers are first stacked in a depot a nd then processed further.  

With this use case the ERJU partners want to use case that the more dynamic information 
flow into a terminal operating system, the better the operations can be planned and 
optimized. Containers in Depots are stacked above each other, sometimes up to 5 -7 
containers high. This implies in itself the consequence, that many reachstacker or crane 
movements are not to load or unload a truck or a train, but are to restack containers. The 
restacking of a container is the definition of an unprofitable movements. An i deal planning 
would lead to no unprofitable movements.  

Figure 27 shows planned tasks  to unload a train. Objective is to dynamically adapt tasks 
thanks to latest estimated time of arrival and waggon load.  

 

Figure 27: Task Overview for Incoming Trains  

The use case shall therefor demonstrate how a terminal operating system dynamically 
adapts the planned craning tasks (item mission tasks) in terminals based on real time 
information from Railway Network (in close alignment with WP28) (TAF TSI format). 

The use case shall furthermore demonstrate how a terminal operating system can 
support optimized movements in a Container Depot in order to avoid unproductive 
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craning tasks inside the depot, based on information, which Containers are planned to 
depart on Rail.  

 

Figure 28: Graphical Depot Overview  

In addition to this the use case shall demonstrate Road Traffic information road e.g. linked 
to a sophisticated booking system (Google Maps, Here, format to be checked) and loading 
constraints in maritime world, changed schedules etc. (e2open, cargosmart o r direct 
interface to shippers (MSC, Hapag etc.) lead to new ordering of tasks in a terminal.  

Last but not least the use case has the aim, to demonstrate the advantages of a dynamic 
train load overview, which supports the reachstacker driver or the crane operator in 
loading the train based on destinations and the above mentioned dynamic task alloca tion 
in the depot.  
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Figure 29: Dynamic Train Load Overview  

All these dynamic adaptions of tasks shall have the objective to reduce or where possible 
to eliminate unprofitable movements.  

Developments are mainly to enable existing terminal operating systems to have multiple 
data sources and to develop the according interfaces and user interface features. 
Furthermore, terminal operating systems must be able to categorize and cluster this 
inf ormation, to prioritize interfaces in the sense that there shall be information that is 
classified as the master information that e.g. overrules information received from 
interfaces with lower priority.  

In addition, terminal operating systems must be able to treat a sophisticated multi 
tenancy, so several stakeholders from different legal entities able to access but with own 
restricted access. All dynamic information must be processed by the terminal oper ating 
system in near real time and made visible to all involved stakeholders in almost real time.  

Two main constraints have been identified by the project team members so far. First is to 
be solved together with other Workpackages of FP5, the constraints about data availability 
of TSI TAF/TAP. It is today not so obvious for a terminal to get data from a railway 
undertaking (RU). To receive the data via interface means, at least with some 
infrastructure managers in Europe, that the terminal receives all train run information  

¶ Train Running Information Message   
¶ Train Running Forecast Message   
¶ Delay Cause Message  

of all trains of the RU. Also some of the European infrastructure manager can, as of today, 
only transmit this TSI data to only one IP address. So if the TSI data of a railway 
undertaking is already transmitted to an e.g. IT service provider of this railwa y 



 
 

D25.1 PU - Public | V3.0 |Final                              104 | 393                            FP5-TRANS4M-R - GA 
101102009  

 

undertaking, the data needs to be forwarded which is as of today not possible free of 
charge. 

Another significant challenge or constraint when speaking about optimization of tasks and 
movements in a terminal, are the contractual and commercial constraints. Constraints in 
the sense of a terminal being a contracted service provider, that cannot fully  freely decide 
to reprioritize loadings even if this would be more optimal for all involved players, as it 
could lead to contractual penalties.  

The project partners assume, that during the course of the ERJU project, more challenges 
and constraints will be identified.  

Three open topics have been identified so far, that for the moment are not yet specified 
but with a collective aim to tackle them:  

1. The optimization of wagon -consists, which is as well not always under the control 
of a terminal but shunted in a shunting yard from a third party.  

2. Second is to optimize thanks to a dynamic interaction between two terminals.  
3. Third is to optimize thanks dynamic interaction with Yards and taking into 

consideration an optimum year plan (WP 26)  
The project partners assume, that during the course of the ERJU project, more open topics 
will be identified.   

6.4.2 Dynamic Integration of the Terminal Operating System with 
Intelligent Videogate  

REAL TERMINAL IN SPAIN 

This is the specification of the Use Case 2 as a result of Workpackage 27 dynamic 
dispatching and the associated developments, respectively the challenges to overcome.  

Intelligent Videogates are a reality in the railway industry, and are set to support 
operations by capturing real -time information on day -to -day train journeys.  Their 
applications are not only relevant in the field of freight transport, but also in the fie ld of 
passenger transport, and at border crossings they can also be very useful.  

This use case will be in close alignment with Workpackage 29, the intelligent video gate as 
part of the standardized European checkpoint.  

One of the most relevant applications in the freight environment is to provide as much 
information as possible to the terminals about the train composition, and the order in 
which the loads are arranged on each of the platforms that make up the train.  

Currently, this information can be provided in several ways. At the terminal of origin, a 
document must be sent to the rail network manager, indicating the platforms and the 
loads carried by each of them. This document, in Spain, is called Pie de tren, and  has a list 
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of all the cargoes and all the platforms that make up the train. This is comparable to the 
ɇWagen-ListeɈ in Germany. Those lists, need in many countries to be checked by a real 
person in order to get approval of the national safety bodies for a train to de part, but 
establishing the list can be digitally supported.  

However, many times, this documentation is handwritten, it is not automated, and 
sometimes, discrepancies arise between the theoretical information and the real 
information. This means that when the train arrives at the terminal, it has to be rechecked 
and registered in the management systems of the terminal, which containers have 
actually arrived. This check is done manually, and must be registered in the terminal 
Operating System.  

Another less serious problem than human errors when transcribing the information 
manually (typos) are the errors in defining the order of the platforms and the containers 
that are on them, which causes that, at certain times, when picking up a container to  
deliver it, which was expected in a specific position of the train, it is not really positioned 
there. This entails checking which is the real position of the container, leading to the loss 
of operation time.  

Taking into account all the above, our intention is to carry out a use case with the 
integration of the Video Gate with the terminal Operating System, so that the processes 
to register the goods as the platforms of the train is automatic, and also shows al l the 
inconsistencies between the information received from the terminal of origin, or from the 
systems of the infrastructure manager.  

On the other hand, the Intelligent Videogate will serve as a checkpoint for the information 
generated from the terminal, which must be sent to the infrastructure manager before 
the train is ready to leave the terminal.  

The information that the terminal operating system will receive from the IVG is proposed 

to be the following:  

1) Train ID and direction of travel, (incoming or outgoing).  

2) ID of the platforms and the order in which they make up the train (train composition)  

3) ID of the container plates, and the order in which they are arranged within each 

platform.  

4) Identification, for each container, of the type of dangerous goods, if any.  

5) Damage that each container may have  
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Figure 30: Stepwise Information Flow  

The terminal operating system will make the pertinent checks by comparing the 
information received from the video gate with the theoretical information that the system 
may have stored from other actors or systems. If the checks are satisfactory, the goods 
and rolling stock transmitted by the IVG will be registered in the TOS. If inconsistencies 
are found in the information received, the eviden ce collected from the IVG will be 
accessible (for each container or platform) through the terminal operating system, to 
verify that the information received by the IVG is correct, and that the theoretical 
information received is not accurate.  

  

6.4.3 WP27 Use case environment: Decision support for shunting 
operations and yard dispatching at Alnabru (Oslo, Norway)  

This is the specification of the Use Case 3 as a result of Workpackage 27 dynamic 
dispatching and the associated developments, respectively the challenges to overcome.  

In the Norwegian Alnabru terminal there are four main track areas, among them the 
loading tracks (C -tracks) and the yard (R -tracks). See FigXX. The yard is used for both 
parking rolling stock and for performing shunting operations, such as splitting trains  and 
removing broken wagons. In the flat yard Alnabru, the planned shunting seldom consists 
of completely rearranging the wagons to new trains, as is done in classic hump yards. 
Most planned activity consists of splitting trains and moving trains from and to the C -
tracks. In such movements, the routing of the wagon sets from R to C must be decided. 
Dispatching within the yard and terminal is relevant here in real -time.  

Another prominent unplanned activity we are aware of is the need to take broken wagons 
out of a train and move them to the workshop. Bane NOR explains that currently those 
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unplanned activities are called in to the dispatchers at Alnabru, who then must adjust 
their plans of how the trains should move and when. Most of these changes are done 
manually.  

 

Figure 31: Schematics of track plan at Alnabru. The ɇRɈ tracks make up the yard and the ɇCɈ tracks 
are the loading and unloading tracks.  

  

The Norwegian research partner in TRANS4M -R, SINTEF, will look into the development of 
a tool that helps the dispatchers at Alnabru terminal plan shunting and the movement of 
the rolling stock in real -time using optimization and automation. We call this a Yard 
Dispatching System (YDS). Planned yard activity can be loaded in from the relevant 
existing yard systems. Current, ad -hoc activities can be entered into the YDS directly. The 
YDS should take updated real time information about planned activities from the 
terminal, line and yard into account. The tool can then, based on optimization algorithms, 
present suggested plans of the rolling stock movement to the dispatcher, making his task 
of deciding on a plan much easier.  

SINTEF is currently working together with Bane NOR and developing a dispatching tool 
that eases the task of the dispatchers at Oslo Central Station, which is a passenger station. 
It uses real -time data and creates train plans for the next two hours for the  trains for all 
lines around Oslo. It displays a train graph that is updated continuously with the real time 
data and the suggested plan of how to dispatch the trains. SINTEF will create the necessary 
algorithms for supporting a similar tool, YDS, at Alnab ru, but adjusted to the specific needs 
and challenges for that terminal.  

For this use case environment there is a link to FP1 Motional with respect to real -time 
updates of information on the line. Algorithms developed there for dispatching on the line 
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will be adapted to a terminal view, and implemented in the YDS. Mandatory and optional 
requirements for the YDS are given in the common list of requirements:  

The YDS must 

¶ know the yard and terminal topology and information about safety regulations 
(minimum time lags, maximum speed etc.)  

¶ know the trains' arriving and departing times form the train timetable  
¶ know the assigned arrival and departure tracks from the track assignment plans  
¶ get information about train information (length, number of wagons etc)  

  

The YDS should 

¶ return either a feasible shunting plan or an infeasibility notification  
¶ receive information about updated ETAs to the terminal  
¶ include an algorithm for finding not only feasible, but optimal shunting plans  
¶ have information about preferred sequence of routes for shunting operations, or 

about tracks not preferred, either at a general or area specific level.  
  

6.4.4. Booking system for Marshalling yards  

This is the specification of the Use Case 4 as a result of Workpackage 27 dynamic 
dispatching and the associated developments, respectively the challenges to overcome.  

Analyzing dynamic dispatching requirements involves identifying real -time traffic 
restrictions, assessing resource availability (using functions of Asset Warehouse), and 
evaluating un/loading, handling, and train formation services (IS VESTA functions 
developed in Dynamic Dispatching WP), all while determining crucial data inputs from the 
dynamic planning process and understanding their impact on the RU's operational 
processes. 

In order to achieve the objectives, it is necessary to develop functions that take into 
account the impact of change requests by reordering activities in the last mile, terminals 
and MY. Additionally, it is desirable to implement dynamic scheduling, including 
rescheduling as necessary, and to enable ad hoc dynamic resource allocation, particularly 
of shared resour ces among RUs. With regard to interfaces, the focus should be on 
establishing interfaces with personnel and locomotive shift planning systems, as well as 
integration with the traffic management system (FA1). Consideration should be given to 
the basic facto rs and functionality required to accurately calculate ETAs (WP28) and train 
composition, particularly from terminals, MY and sidings. Especially for the shift planning 
system and crew rostering optimization, this Use case can also give valuable Input to 
Workpackage 31.  
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To achieve these objectives, comprehensive data on resource and service availability and 
information on usage conditions are required. Outputs from the FA1 traffic management 
system to support our decision -making process is essential. In addition, it is es sential to 
have thoroughly tested interfaces that are ready for implementation to ensure seamless 
integration and functionality.  

6.5 Operation in a marshalling yard  
All planned sources are matched to activities that are arranged in a precise sequence. A 
common sequence is explained below.  

The trigger for a procedure in a marshalling yard is the notification of train arrival that is 
provided by the ɇDispatcher information system of operational managementɈ information 
system ȿ DISCOR or another relevant system. The plan of activities is updat ed by input 
from the information system of IM (FA1) or the dispatching information system of RU 
based on the train composition taken from the operational information system (PRIS).  

The decision about the sequence of trains to be processed (marshalled) depends on the 
railway undertaking's dispatcher who uses information from the ɇOperational information 
systemɈ ȿ PRIS to decide. PRIS contains complete information about a train unit. P RIS does 
not provide optimization support. The optimization function is developed in WP27 in IS 
VESTA. 

6.6 Inbound train and the marshalling procedure  
The procedure begins with the arrival of the train (train head reaches the entry signalling). 
After arrival, the train unit is secured by a wheel chock or by tightening the wagons' hand 
brakes. Next, the mainline locomotive is uncoupled.  The average time for this procedure 
is 3 minutes. Uncoupling is performed by the line locomotive driver. After that the line 
locomotive is shunted to the line locomotive sidings. A signalman sets up and locks the 
shunting route. Commands from the railway undertaking's disp atcher to the line 
locomotive driver are given by radio and by signalling. The main activities of the inbound 
train procedure are shown in t he Table 7. 

 

Inbound train procedure  Time (min)  Performed by  

Moving train from the surrounding network to 
the yard ȿ arrival  

X X 

Handing over the train and shipment 
documentation (loco driver hands it over to the 
wagon inspector)  

1 
Transport agent / 
wagon inspector  

Braking the train unit with wheel chocks  1 Line loco driver  

Tightening the hand brakes of the first five 6 Line loco driver  
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wagons  

Command to uncouple the line locomotive and 
to shunt  

0.5 
railway 
undertaking's 
dispatcher  

Uncoupling the line locomotive  3 Line loco driver  

Shunting from the arrival track to the line loco 
siding  

3 Line loco driver  

Table 7: Inbound Train Procedure  

The hump locomotive driver receives the information about the track on which the train 
unit is to be marshalled on. The hump locomotive is coupled to the rear of the train unit. 
Screw couplings of wagons are loosened by the shunter and the head shunter in 
accordance to the sorting list. The hump locomotive moves the train blocks to the hump 
per commands from the signalman and the head shunter. Loosened couplings are taken 
off by a coupler using a special rod. If any of the wagons is not allowed to be humped , 
such wagon is decoupled and shunted to the siding track next to the hump during the 
process of pushing the groups of wagons to the hump. After all the blocks are humped, 
the hump loco moves to the siding track with the non -humpable wagons, couples them 
and shunts them to the classification yard on a dedicated track. The main activities of the 
marshalling procedure are shown in Table 8 below.  

An interaction with Workpackage 2, for the coupling and uncoupling processes will further 
enrich this Use Case and the Workpackage 2 works.  

  

Marshalling procedure  Time (min)  Performed by  

Notification to the hump loco about the track of 
the unit to be marshalled  

0.5 
railway 
undertaking's 
dispatcher  

Notification about dangerous goods  0.5 
railway 
undertaking's 
dispatcher  

Shunting the siding loco from its track to the 
arrival track  

3 
Yard/hump loco 
driver  

Coupling the train unit  3 Shunter  

Loosening the wagon hand brakes  6 Shunter  
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Releasing the train unit (takinging the wheel 
chock away)  

0.25 Shunter  

Preparing for humping (e. g. loosening the screw 
coupling)  

25 Shunter  

Command to shunt blocks of train  0.5 Head shunter  

Shunting a block of train  5 
Yard/hump loco 
driver  

Cutting and humping blocks into the classification 
yard  

30 
Coupler, 
brakeman, 
signalman  

Shunting the non -humping blocks into the 
classification yard  

6 per shunting  
Shunter / coupler, 
Yard/hump loco 
driver  

Securing the train blocks against movement 
(wheel chocks and hand brakes)  

0.5 Brakeman  

Shunting broken wagons  
10 per 
shunting  

Shunter / coupler  

Table 8: Marshalling Procedure  

6.7 Procedure before departure  
After one of the tracks has been completed, the procedure to prepare the train to depart 
begins. The decision to begin this procedure is taken by the railway undertaking's 
dispatcher. All operations on the departing train can be completed because the time norm 
has been reached, the weight norm has been reached, or there is no other wagon to be 
matched to the train in the dedicated direction. During humping, the brakemen push the 
wagons or blocks to one another and tightens the handbrakes of the wagons. Push ing the 
wagons is done manually by breakmen. If it is necessary to push blocks manually due to 
weight or bad weather conditions, the blocks are pushed by a yard locomotive. When the 
wagon shunting on the track is completed, brakemen couple the blocks of tr ain together. 
Afterwards, the yard locomotive is coupled. Hand brakes of wagons are loosened and 
wheel chocks are put away. The brake system of the train unit is filled and a brake 
connection test is performed. According to the command of railway undertaki ng's 
dispatcher, the yard loco shunts the train unit to the departure yard.  
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The train unit is then again secured against movement on the dedicated track and a 
wagon inspector performs a technical and shipment inspection. From Table 4 it is 
apparent  that this activity takes the longest. It takes about 60 minutes and its duration, 
besides the number of wagons, depends on the type and the length of the wagon. 
Optimisation proposal has to consider this attribute while calculating the necessary time 
for this activity. The listing activity of the train vehicles is performed by the transport agent 
and it takes approximately 35 minutes. It is performed at the same time as the technical 
and shipment inspections. Then, the RU dispatcher gives the command to sh unt and 
couple the line locomotive. The command is given over radio and signalling. The line 
locomotive driver and shunters release the wagon hand brakes and put the wheel chocks 
away. Next command given is to fill the brake system by compressed air and th e line 
locomotive driver in cooperation with the wagon inspector perform a full brake test. Then 
the line locomotive driver receives the results of the full brake test verbally from the 
wagon inspector. After that, it is necessary to receive and sign relev ant documents. The 
last activity performed is to send a ɇReady to departɈ text message by line locomotive 
driver to the DISCOR system. Afterwards, at the appropriate time according to the 
timetable and the situation on the surrounding network, the train le aves the departure 
yard. Departure is an activity managed by the infrastructure manager's dispatcher in 
coordination with the RU's dispatcher at the station and the RU regional network 
dispatcher. The main activities of outbound train procedure are shown  in Table 9. 

 

Outbound train procedure  Time (min)  Performed by  

Pushing (manually + yard loco)  20 Brakeman, yard loco driver  

Coupling train blocks  30 Brakeman  

Shunting the yard loco  5 
Yard/hump loco driver, 
shunter  

Coupling the yard loco  3 Shunter  

Filling the train unit brakes  4 Yard/hump loco driver  

Shunting the train unit  5 Yard/hump loco driver  

Technical and shipment inspection (in 
general)  

60 (2 min 
per wagon)  

Wagon inspector  

Technical and shipment inspection 
(2/4/6/8 axle wagon)  

1,5/2/2,5/3  Wagon inspector  

Listing the train vehicles  
35 (1 min 
per wagon)  

Transport agent  

Command to couple the line locomotive 
to train unit  

0.5 
railway undertaking's 
dispatcher  

Shunting from line loco sidings to X Line loco driver  



 
 

D25.1 PU - Public | V3.0 |Final                              113 | 393                            FP5-TRANS4M-R - GA 
101102009  

 

departure track  

Coupling the line locomotive to train 
unit  

3 Line loco driver  

Command to fill the pressure brake 
with air  

0.5 
railway undertaking's 
dispatcher  

Loosening the wagon hand brakes  6 Line loco driver, shunter  

Releasing the train unit (takinging the 
wheel chock away)  

0.25 Line loco driver  

Placing wheel chocks beside the track  0.25 Line loco driver  

Full brake test  
30 (1 min 
per wagon)  

Line loco driver, wagon 
inspector  

Notification of full brake test results  0.5 Wagon inspector  

Handing over the train and shipment 
documentation (car inspector hands it 
over to the loco driver)  

1 
Line loco driver, wagon 
inspector  

Signing the international train braking 
report  

0.1 
Line loco driver, wagon 
inspector  

Handing over commands for route  1 
Line loco driver, wagon 
inspector  

Signing the commands for train running  0.1 
Line loco driver, wagon 
inspector  

Train readiness to depart notificaton 
(text message)  

3 Line loco driver  

Departure  X X 

Table 9: Outbound Train Procedure  

  

Description of scenarios  

The process of transport realization is a process of specifying the requests for wagon 
transfer from a particular train, including specifying the required activities on the train, if 
offered by the marshalling yard. The wagon transfer is specified when the train forecast 
is updated and in case of failure to comply with the conditions of the plan (e.g. loss of the 
connecting train, ordered wagon transfer with an impact on the delayed departure of a 
follow -up train).  
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Figure 32: Process Flow  

This process assumes the following communication interfaces:  

¶ Wagon transfer in the station (update - RU > MYO) 
¶ Required activities on the train (RU > MYO)  
¶ Train composition (RU > MYO and vice versa)  
¶ Train ready for departure (MYO > RU)  

The last two interfaces already exist, it is only necessary to edit the header for forwarding 
the message to MYO. The definition of the interface for wagon transfer in the station is 
given above.  

Scenarios of communication between IM, RU and MY  

For clarity, we present several possible scenarios and their impact on communication 
between key stakeholders in the single wagon load shipment process. Individual scenarios 
have been selected based on operational experience and represent a basic set of 
situations and communication proposals in these situations. The individual scenarios are 
as follows:  

¶ train running without interruption,  
¶ inability to reach the marshalling yard at the scheduled time, unloading on route,  
¶ train delayed on arrival at the marshalling yard, the wagon transfer ensured,  
¶ train delayed on arrival at the marshalling yard, the wagon transfer is not 

observed,  
¶ non -compliance with the wagon transfer schedule on the part of MY,  
¶ inability to depart from the MY to the network at the scheduled time, departure to 

the intermediate station,  
¶ change in routing of the wagon or change of operations with the wagon during the 

marshalling in MY.  
Trouble -free trip  
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The first scenario describes a trouble -free trip of a wagon with no delays and other 
disruptions. This scenario considers a situation, in which operation in MY and on the 
adjacent network is carried out according to the timetable with minimal disruption. I n this 
scenario, the train terminating in the marshalling yard is running on time, the marshalling 
yard ensures wagon transfer to other trains as scheduled, and the default freight trains 
leave the MY to the network according to the timetable. It is clear that this is a scenario in 
which the proposed communication is quite simple.  

 

 

 

Figure 33: Scenario Overview  
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Inability to reach the marshalling yard at the scheduled time, unloading on 
route,  

The second scenario describes the overfilling of the entrance track of the MY and the 
stopping or idling of arriving trains at stations before the MY.  

 

 

Figure 34: Second Scenario  
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Train delayed on arrival at the marshalling yard  

The third scenario describes the situation where the train arrives late at the MY for 
reasons beyond the control of the marshalling yard operator.  

¶ wagon transfer ensured  
¶ wagon transfer not ensured  

 
 

 

Figure 35: Third Scenario  

Non -compliance with the wagon transfer schedule on the part of MY  

The fourth scenario deals with a situation where there was a non -compliance with the 
wagon transfer between trains during the processing of the wagon. This situation can 
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occur, for example, when wagons are misplaced on individual directional tracks or when 
the MY is full.  

 

 

 

Figure 36: Fourth Scenario  

Changing the wagon transfer during marshalling in the MY  
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The fifth scenario describes a situation where a change in the wagon transfer is requested 
by the RU (another departure train, change of ordering of the departure train, etc.).  

 

6.8 Sources of data and information to optimize the work of the 
station and its surroundings  

The basic sources of data and information for optimal or suboptimal management of 
terminal or marshalling yard processes, which may even be a classic marshalling station, 
are currently information systems (IS) on, not only, the Czech railway. These are usu ally 
the information systems of the RU or the infrastructure manager. In exceptional cases, 
such as aforementioned terminals and marshalling yards within terminals or directly 
linked to these terminals, the information systems of the relevant operator may be the 
data and information sources.  

As already indicated, types of information systems, which can be distinguished according 
to the following divisions, take part in the continuous flow of information, which is 
essential for the functioning of some optimization tool for process optimization in stations 
or terminals.  

Based on the IS operator:  

¶ Railway undertaking's IS,  
¶ Infrastructure manager's IS,  
¶ Terminal or station IS.  

Based on usage in time:  

¶ IS for long -term planning (for the whole year),  
¶ IS for medium -term planning (with view in days),  
¶ IS for short -term planning and ad -hoc plan changes (tens of hours),  
¶ IS for operational management (hours, minutes).  

Based on the nature of the managed area:  

¶ IS for managing traffic on the complete network,  
¶ IS for managing traffic on a selected part of the network,  
¶ IS for managing traffic at nodes and traffic points.  

Based on the type of managed capacity source:  

¶ IS for planning and managing wagon movement,  
¶ IS for planning and managing movement of locomotives and trains,  
¶ IS for planning and managing staff.  

In this project, it is necessary to deal with the characteristics of the systems listed above 
with the exception of the IS for managing traffic on the complete network and IS for 
planning and managing staff. All other types of systems should be involved ei ther directly 
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(in real -time decision -making) or indirectly (in particular information based on the long -
term plan) in the preparation of an optimization tool for support of the decision -making 
of dispatchers.  

The following text pays attention mainly to the information and information systems that 
have a direct impact on traffic management and decision -making in real time. The reason 
for this is the assumption that operational information systems work with input 
information that is already optimized during the preparation of long -term and medium -
term plans. In other words, if actual traffic were to take place with high accuracy according 
to long -term and medium -term plans, there would be no  need to make major decisions 
on the organisation of operations in real time as the optimal solution had already been 
achieved in the said plans.  

The first demo nstrative example is constructed as follows:  

¶ Customer: METRANS KOMBI 
o The service involves transporting containers between specific terminals and 

handling their distribution and collection before and after sea transport  
¶ Route: Hamburg -Waltershof (DE terminal) ȿ Ústí nad Labem (CZ) ȿ Praha-UhŘíněves 
/ Česká TŘebová (CZ terminals) 

¶ RUs: ČDC DE (DE) and ČDC (CZ) 
o Other partners: Terminal Hamburg operator ȿ cooperation with 

HACON/Thales 
¶ Local staff keeper: ČD, Metrans 

o CZ terminal operator is Metrans  
¶ The entire transport operation is managed by ČDC, with the formal 

handover/acceptance of licences taking place in Dresden -Friedrichstadt. Detailed 
data descriptions of the transport technology are available, allowing an accurate 
estimation of the ETI/ETA. However, specific data on the technology at the origin 
terminal in Hamburg -Waltershof is not currently available and the information 
provided is dependent on the readiness of the train to depart from the origin 
station.  

The second demonstrative example is constructed as follows:  

¶ Customer: Automotive şkoda Auto 
o Transport of cars from the şkoda Auto car factory (Mladá Boleslav, Solnice) 

to collecting in MY/terminal Nymburk (CZ).  
¶ Route: Nymburk (CZ) ȿ Děčín (CZ) ȿ Emden (DE) and back, loaded trains from 

Nymburk to Emden and empty trains back  
o Nymburk is considered as a şkoda Auto terminal 

¶ RUs: ČDC (CZ), DB Cargo DE (DE) 
o Handover/takeover between RUs in Bad Schandau (DE)  
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¶ Local staff keeper: ČD 
o CZ terminal operator is ČD Cargo (MY). 

¶ Currently, there is a comprehensive data description of the transport technology 
available exclusively for the CZ section. In the direction from Nymburk to Emden, 
the Estimated Time of Interchange (ETI) can be calculated, although the Estimated 
Time of Arr ival (ETA) remains unknown. Conversely, in the direction from Emden 
to Nymburk, crucial information concerning the ETI/ETA for the DE section is 
missing, making only rough estimations possible. Additionally, there is a lack of 
essential data information fr om DBC DE for comprehensive planning purposes.  

¶ Within fixed time slots for available resources, the shift plan is predetermined to 
ensure non -stop or time -limited availability of resources. The aim is to achieve an 
evenly distributed workload throughout the shift, minimising peaks and troughs 
and ensur ing efficient resource utilisation.  

¶ Conversely, in the floating time slots scenario for available resources, the shift plan 
is dynamically adaptable based on the requirements arising from current 
transport schedules. In this case, the aim is to dynamically allocate shifts according 
to the tr ain timetable, allowing flexibility and responsiveness to changing traffic 
demands.  

 

Figure 37: Scheme of the Nymburk terminal in the Czech Republic  

6.4.5. Dynamic dispatching requirements for Yard Coordination System (YCS) 
(Malmö, Sweden)  

This is the specification of the Use Case 5 as a result of Workpackage 27 dynamic 
dispatching and the associated developments, respectively the challenges to overcome.  

In EU-RAIL FP1 Motional, Trafikverket and RISE are developing a demonstrator denoted 
yard coordination system. The basis of this system was developed in Shift2Rail, see 
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(Fr8Rail III, 2023) for more details. The system will be further enhanced in Motional WP4/5 
and WP11/12 with, e.g., real -time connection to TMS and enhanced planning 
functionalities. The scope of YCS is to coordinate the planning of the track allocation fo r 
the arrival/departure yard of a larger marshalling yard. The development uses Malmö 
marshalling yard as case, but the concept can be generalized to many other yards. Figure 
38 illustrates the layout and actors at the Malmö marshalling  yard. For the 
arrival/departure yard, there are several different actors and organizations that are 
dependent on the yard and that should be coordinated, and YCS coordinated the track 
allocation need for the most significant actors: the line manager from the infrastructure 
manager (Trafikverket), the yard manager from the yard operator (Green Cargo), and the 
terminal manager from the terminal operator (Mertz).  

 

 

Figure 38: Layout and actors at Malmö marshalling yard.  

Figure 39 illustrates the user interface of YCS for the Line Manager after Shift2Rail is 
finished. The interface visualizes  all that is needed to make the track allocation, e.g., 
arrivals, departure, shunting operations, track reservations, track need, and train 
preparation activities. See (Fr8Rail III, 2023) for more details. The demonstration(s) 
regarding the development of YCS is a part of FP1 Motional.  
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Figure 39: User interface of YCS  

The dynamic activities at the yard have an implication on the planning of the 
arrival/departure yard. There are restrictions on simultaneous activities, e.g., a locomotive 
to/from the stables can prohibit simultaneuos shunting activities or moving wagons to the 
multimodal terminal. Thus, the dynamic dispatching decisions have an implication on the 
track utilization. In FP5 TRANS4M -R WP27, requirements related to dynamic dispatching 
aspects will be collected and will be delivered to FP1 Motional WP5. These requirements 
will be taken into consideration when developing the next generation of the YCS 
demonstrator, i.e., in enhancement that will be made during the next wave of EU -RAIL, 
from 2 026 and forward.  

  

6.5. Conclusion  

A significant effort has been spent in the first months of TRANS4RM as a preparation to 
Work Package 27.  

The partners involved in Work Package 27 have a strong market focus and are convinced, 
that the output of Work Package 27 will not be an academic description of how an 
optimum could look like, but a comprehensive summary of ɇbest practicesɈ reached with 
the 5 use cases. Therefor the Use Cases have been chosen in real environment, 
internationally spread and in a collaborative way. With stakeholders that are mainly 
searching for commercial benefits from those optimizations, be it more revenues, thanks 
to bett er loaded trains or more tasks that can be performed in the same time with the 
same amount of resources or lower costs, due to better utilization of existing 
infrastructure and a reduction of unproductive tasks.  
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Furthermore, the Use Cases will also show limitations, where optimums cannot be 
achieved yet. It is the aim of the work package 27 partners to list them and explain why 
they could not be overcome and why they are hindering further optimizations.  
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7 Intermodal Prediction  
The main purpose of intermodal prediction systems is to provide timely and accurate 
predictions for arrival and departure times on relevant locations, milestones or processes. 
This information is provided to connected systems of different actors (terminal operators, 
shippers, railway undertakings, intermodal operators, infrastructure managers, logistic 
service provi ders etc.). By sharing this information with the transport chain, the overall 
predictability and transparency of multimodal transport increases, especially for rail 
transport.  

Within TRANS4M-R, this high-level, global benefit will be translated into several dedicated 
use cases (Chapter 7.7). Intermodal Prediction therefore plays an important role for 
almost all aspects of Seamless Freight. Its applications will be featured in both showcases 
(Seamless Corridor and Seamless Multimodal).  

To this extent, the following chapter describes the requirements, functionalities, 
processes, data sources as well as further specifications for intermodal prediction 
systems. Firstly, the general scope of the prediction systems is described ( 7.1). This 
includes a mapping of the relevant processes ( 7.2) as well as a dedicated list of 
milestones/timestamps for the terminal and yard processes ( 7.3). This list is primarily 
based on the original Rail -CDM approach developed in a study for the Rail Freight Corridor 
Rhine-Alpine financed by the European Commission. It was then further refined during 
the EDICT project and finally adapted in TRANS4M -R to include further yard processes and 
ensure a global interoperability with all aspects of Seamless Freight.  

In a next step, relevant data types and data formats are described ( 7.4). These are 
necessary to obtain the data for the above -mentioned milestones/timestamps. For 
intermodal prediction systems, the terminal data format is EDIGES ( 7.4.2), a voluntary 
market standard adopted by several large players throughout Europe. For the main line 
information, TAF TSI is used throughout ( 7.4.1). This chapter will also highlight the 
parameters of each relevant message type that are to be used as input for any prediction 
models. Since some of these parameters are not mandatory information to be included 
by the data provider, the chapter also cont ains a brief, high -level what -if analysis for the 
lack of certain, potentially relevant, information.  

Afterwards, the prediction systems themselves are described ( 7.5). For TRANS4M-R, both 
an ETA (estimated time of arrival) prediction system ( 7.5.1) as well as an ETD (estimated 
time of departure) prediction system ( 7.4.2) will be developed, featuring advanced 
machine -learning algorithms. For the evaluation of the prediction accuracy, quality KPIs 
are introduced ( 7.6). 

Finally, the asset warehouse is described ( 7.6.1). Although not a prediction system in of 
itself, the asset warehouse is one of the main use cases of the intermodal prediction 
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systems and will, once implemented, also increase reliability and predictability of rail 
transport.  
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7.1 Main processes and operational mapping  
Intermodal rail  transport, or better road -rail combined transport (CT), is a transport 
technique to facilitate the transport of intermodal loading units (containers, swap bodies, 
semi-trailers) by using rail on long distances and road on the first and last mile.  

TodayɄs CT business ecosystem is composed by interdependent elements that are 
significantly impacted by developments of: (1) physical assets (infrastructure, wagons, 
terminals, loading units, cargo), (2) stakeholders (infrastructure managers, railway 
under takings, CT operators, terminal Managers, trucking companies, logistics companies, 
shippers), (3) authorities (policy -makers, customs authorities, regulators) and (4) 
information processing capabilities and data flows.  

 

Figure 40: the key components of the CT ecosystem  

Conducting a detailed process analysis in intermodal is a usual exercise of analysing all 
types of processes to identify opportunities to improve the way the various stakeholders 
operate. Using this type of analysis, stakeholders may evaluate their busines s processes 
and pinpoint what is and isnɄt working within their operations. In the next chapters, the 
project partners will identify the relevant processes and time stamps needed to improve 
the overall predictability in combined transport operations.  

Combined transport uses the terms initial leg, transhipment, main leg and final leg, as 
shown in Figure 41. In some cases, packing (stuffing) and unpacking (stripping) are also 
added.  
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Figure 41: Main processes of a typical intermodal chain  

¶ Initial (road) leg (first mile) : the initial leg describes the first part of the 
transportation of the loading unit(s) holding the cargo from one or more shippers 
to a transhipment facility (terminal). The term is applied mainly to road 
transportation but also to rail, air and water.  

¶ Transhipment : the change of mode between vessels, inland waterway vessels, 
railways and trucks is called transhipment. Transhipment takes place in a 
transhipment node known as intermodal terminal, freight terminal. According to 
the type of equipment used, the tranship ment process is referred to as "vertical" 
or "horizontal".  

¶ Main leg:  the main leg refers to the transportation of the intermodal loading units 
from the terminals to the nearest closest terminal of the consignee.  

¶ Final (road) leg (last mile) : the final leg describes the transportation of the 
intermodal loading units from the receiving terminal to the consignee. Typically, 
the final leg is performed by truck connection.  

In the context of the ELETA project 1, the project partners had to describe the above -
mentioned main processes into four detailed use cases ( see Figure 42 for graphical 
overview):  

- Use case 01: departure terminal including initial road leg (first mile)  
- Use case 02: main leg (rail) in normal conditions  
- Use case 03: main leg (rail) in case of deviations  
- Use case 04: arrival terminal including final road leg (last mile)  

For each of the use cases, a process mapping was used to visually map out the workflows 
and processes (including the message types ȿ EDIGES and/or TAF TSI ȿ see next chapter 

 
1 ELETA is a co-financed project under Connecting Europe Facility (CEF), launched in 
September 2017, which aims to demonstrate the advantages of exchanging the 
Estimated Time of Arrival (ETA) data within the whole rail supply chain management.  
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for additional details). The purpose of process mapping is to communicate how a process 
works in a concise and straightforward way.  

 

Figure 42: Use Case 01 - Process mapping at terminal departure (ELETA project)  
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Figure 43 ȿ Use Case 02 - Process mapping during main railway leg ȿ normal conditions (ELETA 
project)  
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Figure 44: Use Case 03 - Process mapping during main railway leg ȿ with deviations (ELETA project)  
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Figure 45 ȿ Use Case 04 - Process mapping at terminal arrival (ELETA project)  
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7.2 List of Milestones and Timestamps for Seamless Freight  
 

As the chapters for Seamless Planning and Dynamic Dispatching have shown, the 
planning and dispatching processes, especially for first - and last -mile rail transport, can 
be quite complex. There are a multitude of different actors and processes involved. To  
ensure the development of sustainable solutions, it is therefore essential to come up with 
a harmonized list of milestones. This list is the basis of measurement for the prediction 
systems that will be developed in accordance with the specifications for S eamless Freight. 
This list combines the results of (partially still ongoing) European and national R&I 
initiatives with the expertise of the TRANS4M -R partners.  

The following definitions should be utilised within the project:  

- Milestone : the status or geographic position of a train, wagon set or loading unit 
in the transport process  

- Timestamp : the digital record of the time of occurrence of a particular milestone  
- Actual Time / Time stamp : the time recorded once a specific milestone is reached  
- Estimated Time / Time stamp : the time that a milestone is calculated to be 

reached  
- Planned Time / Time stamp : the time that a milestone is scheduled to be reached 

according to a timetable  

The basis for this harmonized list is the Rail -CDM (Railway Collaborative Decision Making) 
feasibility study. This study demonstrated that the Airport CDM is transferable from 
aviation to rail and that it could contribute to resolve key rail challenges.  

Rail-CDM should provide enhanced predictability of railway processes, to provide stability 
of the operations and allow better resource utilisation. Predictability is therefore defined 
as a strategic objective to be achieved through Rail -CDM. This is suppor ted by tracking 
milestones and setting target times in the handling process.  

An initial list of key train events for rail freight transport was drawn up that could serve as 
potential milestones. The further elaboration of this list must be an integral part of 
subsequent development steps.  
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Figure 46: List of milestones according to the Rail -CDM study  

In the context of the Rail -CDM study, milestones are a breakdown of common actual rail 
operation events and focus on the prediction of train events that could impact capacity 
on corridors and international networks, including the destination terminals. Pre diction 
updates are triggered through defined generic process for contingency and discrepancy 
checking, information and alert message sharing to other stakeholders and is allocated to 
specific stakeholders: Infrastructure Manager (IM), Railway Undertaking (RU), Shunting 
Operator (SO) or Terminal Operator (TO).  

The status of the message to be exchanged at the respective milestone is defined as 
planned, estimated, targeted or actual where Planned Times are defined as originally 
planned times used for the initial (long term) planning and contractual agreements 
betw een the stakeholders/customers; Estimated Times are defined as estimate times 
based on real -time information about the current status, aimed to facilitate re -planning 
to secure capacity from Terminal Operator or Infrastructure Manager; Target Times are 
def ined as dynamical updates of the intentions /plans for the subsequent process 
milestones based on actual status of train operational progress; Actual Times are defined 
as events that actually take place and shall not be mixed with Estimates or Targets.  

In the context of the German project KV4.0 and of the European project ELETA, the 
milestones and the timestamps have been further developed and are cover all the main 
processes as described in chapter 7.1. Figure 47 provides  an overview of all common 
agreed time stamps and Table 10 provides  a first description of these time stamps under 
the perspective of calculating an ETA.  
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Figure 47: Overview of all common agreed time stamps  

 

#  Time stamp name  Time stamp description  
1 Pick-up ILU/Container    
2 Booking/Reservation/Disposi

tion cut off time  
  

3 Arrival ILU at terminal  ETA of Truck provided by LSP  
4 Start slot in terminal 

transhipment platform  
  

5 Provision of wagon set / 
incoming train  

  

6 ILU closing time    
7 Train closing time    
8 Transmission of documents: 

Terminal / CTO to RU /HLR 
  

9 Departure Train Marshalling 
Yard Start  

  

10 Arrival Train Marshalling 
Yard Start  

  

11 Train Departure 
Transshipment Station / 
Marshalling Yard  

  

En IM Entry Point (first)    
12 Point A: Arrival / Departure    
13 Transit Point ɍ 

Arrival/departure  
ETA from RU at a hand -over point (e.g. hand-over of 
responsibility between RUs)  

14 Transit Point N: 
Arrival/departure  

  

Ex IM Exit Point (final)  ETA IM  simultaneously ETA option for Lead RU  
15 Train Arrival Marshalling 

Yard / Transshipment Yard  
ETA option for Lead RU at arrival in the Marshalling / 
Transhipment yard (optionally line configuration 
dependent)   

16 Departure Marshalling Yard 
Destination  
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17 Arrival Train Terminal 
Destination  

ETA option for Lead RU at destination terminal 
(optionally line configuration dependent) key output 
of project  

18 Transmission of documents: 
CTO/ RU to Terminal / Train  

  

19 MAD / Pick-up Mise à Disposition (MAD) or pick -up at terminal with the 
status ɇtrain is under the craneɈ. Unloading is possible but 
not yet finished or cannot yet start (e.g. due train arrival 
during terminal closure time).  

20 Start pick -up  ETA of CTO with the ILU available for onward carriage to 
inform LSP and indirectly trucker that goods can be 
picked -up. Not required for Pilot Phase 1. Can be an 
optional delivery for some CTOs.  

21 Arrival of truck for pick up  ETA of truck for pick -up (ETA TR) provided by LSP and sent 
to the CTO who forwards it to the TO  

Table 10: Description of common agreed time stamps  

In the context of the CEF funded project EDICT, it was requested to further harmonise the 
time stamps and milestones for the terminal operators for the following main reasons:  

¶ Requests from the feasibility studies R -CDM and Q-ELETA 
¶ Data on train status at terminals facilitate: (1) planning of operations (e.g. 

computation of ETAs/ETPs), analysis of punctuality and integration into the future 
Rail Collaborative Decision Making (R -CDM) 

¶ Timestamps and delay reason codes are well defined for trains when running but 
not yet for terminal operations (at train preparation level)  

¶ For terminal -related operations, various definitions/ versions of timestamps have 
been created, used by operators and proposed by consultants  

¶ Harmonised timestamps on terminal operations are needed for data exchange by 
means of TAF-TSI train running message  

As a first step, an inventory of already identified milestones and timestamps has been 
created based on (1) the detailed mapping process of some key terminal operators (see 
Figure 48), (2) the list of milestones of the R -CDM and Q-ELETA feasibility studies and (3) 
the milestones already exchange today with TAF TSI and EDIGES data format exchanges.  
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Figure 48: Detailed process mapping of a terminal (based on the EDICT project)  

 

The evaluation and selection of the milestones for the terminals was carried out thanks 
to the organisation of specific workshops with all terminal partners of the EDICT project.  

The purpose was to evaluate and select the appropriate milestones and time stamps for 
the terminals (two different lists were elaborated):  

1. Validation of the definition of each single milestone  
2. Validation of the time stamp of each single milestone (planned, actual, estimated)  
3. Validation of the level of each milestone (train, ILU, wagon)  
4. Validation of the EDIGES status code (e.g. 10 ȿ booking)  
5. Validation of the direction of the message (e.g. TO => CTO)  
6. Validation of the relevance of the milestone (e.g. x = yes)  
7. Validation of available milestone by the various project beneficiaries (yes = 

company can already manage this milestone in their respective TOs)  
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Figure 49 ȿ Extract of the list of harmonised milestones and time stamps for terminals (based on the 
EDICT project)  

The result of the validation is a long list of terminal milestones and timestamps:  

¶ Each milestone has been defined and identified by a unique ID (for example D6 as 
the actual time that a truck enters the terminal)  

¶ In total 35 milestones have been defined and selected: 24 milestones for departure 
and 11 milestones for arrival  

¶ Nearly all milestones are covered by one status code in EDIGES ȿ very few from R -
CDM and TAF TSI 

Based on this long list and based on the new TAF TSI requirements for terminals, the 
terminals are also motivated to exchange terminal -related information with other 
stakeholders:  

¶ Principal motivation for terminals: to receive information on actual train positions 
and (estimated) train arrivals at their terminals (hence not only for train arrivals at 
the network exit point but also for trains arriving under the crane)  

¶ Connectivity: Other systems (for example RNE TIS) must be able to receive 
information on terminal operations (actual time of trains reaching certain terminal 
milestones).  

¶ Benefits: by sending information to such systems, terminals would also receive 
reliable train -related (forecast) information in the TAF TSI format.  
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The terminals are involved in the data flow not only as receiver but also as sender of 
important data elements.  

Table 11 provides a detailed  list of milestones that should be shared with the terminals:  

¶ The milestones D22 and A08 shall be mandatory milestones and transmitted by 
RUs. For A08, the potential new running TAF TSI status code 16 (MAD) from the TAF 
TSI message in 4.2.4.3 could be used. If not possible within the EDICT project, the 
terminals shou ld be responsible for providing this information.  

¶ The agreed milestones must be mapped with the TAF TSI running status codes.  
¶ Terminals receive data from TIS by means of the train running information 

message (compatible with EDIGES S34) and train running forecast message 
(compatible with EDIGES S36). 

¶ Terminals need to be able to receive the train delay messages (Train Delay Cause 
Message 4.2.4.3) 

 

Table 11: Milestones to be received by terminals (based on the EDICT project)  

Table 12 provides a detailed  list of milestones that should be sent by the terminals:  






























































































































































































































































































































































































































































































































