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block (MB) and virtual coupling (VC) signalling by means of a hybrid Delphi-Analytic Hierarchy 
Process (AHP) technique for the different railway market segments identified by the Shift2Rail 
Multi-Annual Action Plan (S2R MAAP, 2015). Five quantitative criteria were defined: total costs, 
infrastructure capacity, system stability, travel demand and energy consumption. In addition, 
three qualitative criteria were defined related to safety, public acceptance and regulatory 
approval. Consolidated mathematical techniques and engineering methods were used to assess 
each of the quantitative criteria while a Delphi approach gathered values for the qualitative criteria 
based on extensive Subject Matter Expert (SME) interviews and workshops. The results of D4.2 
showed that VC can outperform MB for all the market segments if the level of technological 
maturity is achieved (i.e. acknowledged safety).  

1.4. Outline 
This deliverable develops a roadmap for the implementation of Virtual Coupling taking into 
account uncertainties represented by scenarios for each market segment. Chapter 2 presents the 
objectives of this deliverable. Chapter 3 focuses on fundamentals of Virtual Coupling operations 
and introduces necessary changes to current operational rules and technologies to be included in 
a migration roadmap. Chapter 4 explains the applied roadmapping approach and presents a 
Swimlane roadmap for the phased deployment of Virtual Coupling. Chapter 5 describes scenarios 
for the various market segments, while Chapter 6 derives corresponding scenario-based 
roadmaps. Conclusions and recommendations are provided in Chapter 7. 
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 Virtual Coupling Scope and Directions 
3.1. Introduction 
With the roll-out of ETCS level 2, guiding trains by cab signalling is going to become the new train 
control standard in Europe. While ETCS level 2 is still based on fixed block sections, the braking 
curves are calculated onboard depending on the current speed and the braking performance of 
the train. On lines with optimised block lengths, the impact of the fixed block system on the line 
capacity is marginalized. In particular on lines with mixed traffic, the capacity improvement that 
could be achieved by moving block is rather limited. Therefore, there is currently not much interest 
among European railways to upgrade from ETCS level 2 to ETCS level 3, which would allow trains 
to be controlled by moving block. To achieve a significant capacity improvement, the idea of 
combining moving block and virtual coupling was developed. By combining individual trains into 
virtually coupled train sets or train convoys, the moving block principle is only used to keep these 
train convoys apart. This is expected to lead to a significant capacity improvement. It will also 
reduce the impact of speed differences on capacity by assembling trains of the same speed class 
into virtually coupled train convoys or platoons reducing speed differentiation between individual 
trains. Since the virtual coupling and decoupling can be done on the run, the system has a very 
high flexibility. 
 
Moving block is based on the principle of spacing trains in absolute braking distance. In a moving 
block system, the rear end of a train is considered as a moving danger point to be protected against 
a following train. That means that the minimum distance between two following trains equals the 
braking distance of the second train plus a supplementary safety distance, see Figure 2.  
 

 

Figure 2: Train separation by moving block 
 
The braking distance equals the movement authority. The supplementary safety distance runs 
from the end of authority to the danger point provided by the rear end of the train ahead. That 
supplementary distance is an equivalent to the block overlap in a traditional fixed block system. It 
is the minimum safety distance kept between the two trains if the second train stops behind the 
first train. If points are going to be moved between two trains following each other in moving 
block, an additional time window for moving the points is needed. When passing through a 
complex point zone, that time window depends on the point control principle. 
 
Virtual coupling is based on the principle of spacing trains in relative braking distance. That means 
that the distance between two following trains equals the difference of the braking distances of 
the trains plus an additional safety distance. If the braking distance of the second train equals the 
braking distance of the first train or is shorter than the braking distance of the first train, that 
safety distance is kept as a minimum distance between the two trains, see Figure 3. 
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