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Executive Summary 
This document evaluates the attractiveness of Virtual Coupling (VC) for different market 
segments (high-speed, main line, regional, urban/suburban, freight) and defines operational 
scenarios for each of them. A SWOT analysis identifies main strengths and weaknesses of the 
Virtual Coupling concept and corresponding opportunities and threats to each specific railway 
market segment. The research relies on a Delphi method with an extensive survey of expert 
opinions and stated travel preferences assuming VC has been implemented. The survey involved 
subject matter experts of the wide European railway industry including infrastructure managers, 
railway undertakings, system suppliers, transport authorities, railway institutions, private 
consultants and academics. In addition, travel preferences have been collected by interviewing 
European representatives belonging to other socio professional categories. Results show that the 
implementation of Virtual Coupling can be attractive to customers of high-speed, main line, 
regional and especially freight segments. Virtual Coupling has the potential of completely 
changing the way in which such segments operate and attract a modal shift from other transport 
modes to railways. Customers are even willing to pay higher fares for more frequent and flexible 
train services, especially on the regional and freight segments which are currently perceived as 
not satisfactory. Several operational scenarios have been defined based on the outcomes of the 
survey, setting market-attractive VC service headways for each market segment as well as 
specifying characteristics of rolling stock, power supply, traffic, and platform crowd 
management. Principles to couple/decouple virtually coupled convoys are also provided based 
on the specific network characteristics of the different market segments. 
 
A SWOT analysis is presented which builds on the outcomes of the survey, the operational 
scenarios and brainstorming sessions with experts of the European railway industry. The main 
strengths identified for VC are a substantial increase in capacity and reduced operational costs 
with respect to Moving Block while mitigating delay propagation and improving reliability of 
ground/train communication. On the other hand, weaknesses of this concept refer to the fact 
that capacity gains at diverging junctions equipped with current switch technologies might be 
marginal, since here trains still need to be separated by a full braking distance. Also, the 
implementation of VC operations would require an investment to upgrade the overhead line 
system, platform lengths (to allow platoons of trains to stop) and possibly the switch technology. 
An upgrade of the switch technology towards faster and more reliable ones (e.g. Railtaxi and 
REPOINT) will unleash the full potential of VC operations. Significant opportunities will be 
brought about Virtual Coupling such as potential increase in the profit of infrastructure managers 
and operators as well as a deregulation of the current railway market which could be opened 
also to smaller transport operators due to the increase of available train paths and the decrease 
of operational costs by full train automation. In addition, the train-to-train communication could 
lead to the institution of cooperative consortia of railway operators which can be more 
economically beneficial than the current competitive market model. This would also provide the 
chance to migrate obsolescent command and control systems towards future-proof digital 
railway architectures. Possible threats to the introduction of this concept mainly relate to 
potential increase of train control complexity increasing risks of approval from the railway 
industry. The need for an initial investment might be not well received by infrastructure 
managers and local governments. As well as the necessity of partially changing policies, 
operational procedures and engineering rules currently in place. When overcoming such 
challenges, Virtual Coupling has potentials to fully revolutionise and improve current train 
operations so to induce a sustainable shift to railways. 
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Abbreviations and Acronyms 
 

Abbreviation / 
Acronyms 

Description 

CAF 
Construcciones y Auxiliar de Ferrocarriles (Constructions and Auxiliary 
Railways) 

CBTC Communications-Based Train Control 

CSP Content Security Policy 

CTCS Chinese Train Control System 

D4.1 Deliverable 4.1 

ETCS European Train Control System 

EU European Union 

GSM-R Global System for Mobile - Railway 

HS High Speed 

HSR High Speed Rail 

IMs Infrastructure Managers 

L1 Level 1 

L2 Level 2 

L3 Level 3 

LRT Light Rail Transit 

MA Movement Authority 

MB Moving Block 

MOVINGRAIL MOving block and VIrtual coupling New Generations of RAIL signalling 

mi mile 

MS Market Segment 

O-D Origin to Destination 

R&D Research and Development 

RUs Railway Undertakings 

RRT Rail Rapid Transit 

S2R Shift2Rail 

SIL Safety Integrity Level 

STC Streetcar 

TCS Train Control System 

TIM Train Integrity Monitoring 

TUD Delft University of Technology 

UITP 
Union International des Transports Public (International Association of 
Public Transport) 

V2V Vehicle-to-Vehicle 

VC Virtual Coupling 

WP Work Package 
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undertakings) might have on a specific aspect of the railway business. 

1.2.1.  MOVINGRAIL 
The MOVINGRAIL project aims at developing train-centric signalling systems by specifying 
effective operations and testing methods for Moving Block, as well as assessing technologies and 
impacts of the Virtual Coupling concept on representative market segments of the railway 
business [3]. 
 
MOVINGRAIL includes a multidimensional analysis framework which models the railway system 
and evaluates the impacts of both Moving Block (MB) and Virtual Coupling (VC) in terms of three 
main dynamically interacting domains: operations, technology and business. The achievement of 
these results is made by integrating multiple analysis with various methodologies, models and 
simulation environments (e.g. multi-criteria and sensitivity analysis techniques) [3]. For MB 
signalling, state-of-the-art methods for train operation modelling are used to assess, validate and 
propose improvements to the moving-block engineering and operational rules, so to ensure train 
safe separation [3]. For VC signalling, state-of-the-art is retrieved by reviewing the main S2R 
work delivered in IP1 and IP2 on communication structures for the Train Control Monitoring 
System (TCMS). Improvements to the radio-based communication architectures are proposed by 
setting specifications which provide a more effective satisfaction to user requirements. Analogies 
with the railway field can spot possible automated car functions which can be imported to 
railways, so to fast-track further development of the VC concept [3]. 

1.2.2.  Railway Systems in Europe 
The current EU railway network consists of 230,865 km of rail lines, out of which 121,108 km are 
electrified (UIC, 2010) [4]. In 2008, there were 367.3 billion passenger-kilometres travelled on 
national railway networks within the EU-27 (excluding the Netherlands) [4]. In 2010, the total 
performance of rail freight transport in the EU-27 was 389 billion tonne-kilometres [4]. 
 
Market shares of rail, air and road depend on several parameters such as the geographical 
context, national regulations, etc. However, in most European countries where High Speed Rail 
(HSR) is in operation, respondents are still prioritizing car as a main transport mode for short and 
medium distances, whereas air is the most popular mode for very long distances [5]. 
 
Due to the many common assets of private cars (e.g. privacy, ability for a full door-to-door trip, 
wider choice of departure date and time, wider choice of route, ease of handling luggage, less 
intermodal transfers, etc.), competition of modal shift from private cars to railways is becoming 
more complex. Additionally, the rapid evolution of car transport is mainly due to car-pooling and 
car-sharing [6]. 
 
Regardless of the benefits of traveling by car, railways and particularly HSR have proven 
capability of remaining very efficient over both long and short distances. The most retained 
assets which distinguish railways from other public transport modes include ground speed, 
access to city centres, freedom of passengers on-board trains (e.g. standing/walking during 
travel), passenger comfort, ability to save time (e.g. working in the train rather than wasting time 
on driving), etc.  
 
ECORYS (one of the largest and leading international research and consulting companies) 
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separated by an absolute braking distance, i.e., the distance needed to reach a standstill from 
current speed (Theeg and Vlasenko, 2009) [12]. In ETCS Level 3 block sections, line-side signals 
and track-side train detection equipment are no longer required, while transferring vital 
functionalities such as train integrity monitoring and braking supervision from track-side to on-
board. The TIM becomes responsible for checking integrity of the trainset while the EVC ensures 
that trains are safely separated by an absolute braking distance. Trains report positions to the 
RBC via GSM-R while the MA broadcasted refers to danger points that can be switches, speed 
restrictions as well as nose and/or tail of trains ahead. ETCS Level 3 moving-block has been so far 
not implemented yet due to missing TIM technologies for trains with variable compositions such 
as freight trains.  
 
An implementation of moving-block signalling can instead be seen for many urban metro lines 
using the so-called Communications-Based Train Control (CBTC) railway signalling system that 
relies on radio-based communication between the train and track equipment [10]. Capacity 
benefits for ETCS L3 moving-block however can be limited for high-speed lines, where absolute 
braking distances can reach up to 4-5 km when operating speeds are around 300 km/h [14],[15].  
 
A further operational development for advanced signalling technologies builds on the concept of 
separating trains by means of a relative braking distance (i.e. the distance needed to slow down 
to the speed of the train ahead) instead of an absolute one. This concept goes under the name of 
Virtual Coupling (VC) and calls for a deeper investigation on safety, operational and engineering 
challenges that it can raise. More details about Virtual Coupling are provided in the following 
Section 1.2.4. 

1.2.4.  Virtual Coupling train operations: Basic concept and signalling architecture 
The railway transport demand of passengers and goods is continuously increasing which leads to 
railway capacity saturation especially in densely built areas. This has been challenging to the 
railway industry and specifically to infrastructure managers, having direct impact on railway 
customers which are constrained by reduced service frequency and the consequent lack of 
flexibility in adapting their travel alternatives [14]. 
 
To further increase network capacity so to accommodate the forecasted increase in the railway 
demand (European Environment Agency, 2015 [16]), the concept of Virtual Coupling (VC) has 
been recently proposed (Figure 12). VC takes moving-block train operations to the next stage by 
aiming at separating trains by a relative braking distance and move synchronously together in 
platoons of trains that can be treated as a single convoy at junctions so to increase capacity at 
bottlenecks. As in ETCS Level 3 train position reporting is performed via radio communication 
with the RBC. Also, the MA is broadcasted to trains by the RBC. Due to the very short distances 
between trains under Virtual Coupling, sight and reaction times of human drivers are no longer 
safe and Automatic Train Operation (ATO) shall be equipped to all trains for automated driving. 
To implement such a concept, trains need to exchange speed, acceleration and position 
information and a Vehicle to Vehicle (V2V) communication architecture is therefore required 
[17].  
 
The train convoy (platoon) concept consists in understanding the behaviour between a leading 
train and a following train. A leading train is controlled as in ETCS L3 whilst the following train 
receives speed and brake command data from the leader. If information is delivered from the 
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Figure 13- Safety challenges in Virtual Coupling 

 
Another issue regards the communication frequency of dynamic information exchanged by trains 
in a convoy. If the train ahead is braking and the information is not timely broadcasted to the 
following train, then a collision will be likely to occur. To this end, a communication technology 
ensuring a sufficient frequency of information exchange must be selected. Another relevant 
issue refers to collision risks that arise when trains moving in a convoy have different braking 
characteristics. In case a train has braking characteristics which are worse than the train ahead, 
then this might overshoot the MA and collide with the leading train. A robust VC train shall 
hence consider not only to communicate data of the train ahead to the trains behind, but also to 
broadcast the status of the trains behind to the leading train so that this latter can adjust its 
braking rates to the maximum possible deceleration of the other trains. 
 
From the technological point of view VC introduces several challenges as represented in Figure 
14. A main technological challenge is to deploy a V2V communication layer which complements 
the RBC-train communication while providing high-frequency integer and reliable exchange of 
position, speed and acceleration among trains. Also, the interface between trains with the 
Interlocking (IXL) and the Traffic Management System (TMS) is a relevant issue to address.  
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