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SUMMARY 

ETCS Level 2 offers many benefits to rail from reduced infrastructure costs, through higher speeds and greater 
capacity, to automatic train operation.  However, for a railway to realize the full benefits that ETCS Level 2 has to 
offer, all trains must be fitted with ETCS equipment.  Unfortunately, the logistical challenges and costs associated 
with wholesale train fitment render it impractical in many cases.  It is therefore inevitable that, on many lines, 
ETCS Level 2 must be overlaid on conventional line side signalling.  This poses the business problem of how to 
justify investment in ETCS fitment when the benefits of this fitment will not be realized for a long period of time 
and not necessarily by the same organization that makes the investment. 

A solution to the business problem is to enable ETCS benefits to be realized before all rolling stock is fitted.  This 
is made possible through innovative trackside signalling technology that allows different signalling principles to be 
applied to ETCS fitted trains without compromising the operation of non-fitted trains.  Using this technology, early 
investment in ETCS can yield a return for ETCS fitted trains before all rolling stock is fitted. 

1 INTRODUCTION 

The European Train Control System (ETCS) is a suite of specifications, focusing primarily on standard interfaces 
between trackside and onboard main line signalling equipment.  These interfaces are shown in Figure 1.  ETCS 
is a component of the European Rail Traffic Management System (ERTMS), which also includes the Global 
System for Mobile telecommunications – Railway (GSM-R) specifications, European Operating Rules and the (as 
yet undefined) European Traffic Management Layer.  ETCS and ERTMS are part of a broader European initiative 
to improve the competitiveness of rail transport through standardization of interfaces between railway 
infrastructure are rolling stock thereby enabling inter-operability between different railways and between different 
suppliers’ equipment. 

 

Figure 1  ETCS Interfaces 

All practicable ETCS based signalling systems have two key components. 

• The ETCS trackside equipment, which is fitted to railway infrastructure. 

• The ETCS onboard equipment, which is fitted to rolling stock. 

ETCS can be implemented in three levels (1, 2 and 3).  The subject of this paper is ETCS Level 2 in which 
signalling data is exchanged, over a GSM-R radio network, between ETCS fitted trains and a trackside device 
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known as a Radio Block Centre (RBC) which in turn interfaces to one or more interlockings.  ETCS Level 2 
supports both Automatic Train Protection (ATP) and cab-signalling functionality.   

2 THE PROBLEM 

2.1 The Benefits of ETCS 

The benefits of ETCS, when implemented as a Level 2 cab-signalling system are widely recognized.  Aside from 
interoperability, ETCS cab-signalling offers the following key business advantages. 

• Cost savings through removal of line side signalling equipment. 

• Enhanced safety through continuous ATP. 

• Faster journeys as speed restrictions imposed by conventional signalling can be removed.  For example, 
with conventional signalling, speed must be restricted such that all trains can stop within the distance 
from a first cautionary aspect to a stop aspect.  With ETCS, braking distances are calculated and 
supervised on board such that ETCS trains can be relied on to stop irrespective of speed or block 
section length.  Another example, is speed restrictions imposed by the requirement for drivers to be able 
to see each signal for a minimum period of time.  In Britain, this has led to an upper limit of 125mph 
(200km/h) for lines with conventional signalling.  On some lines, constraints on the distances for which 
signals can be seen mean that speed must be constrained a lower value.  With ETCS Level 2, signalling 
information is presented to drivers in-cab, hence these constraints do not apply. 

• Increased capacity of the railway network through removal of restrictive conventional signalling controls 
and shorter block sections. 

• Improved availability of the railway network through cost effective bi-directional signalling. 

• More efficient operations through enhanced train reporting and regulation capability. 

• Simplification of signalling principles. 

• Use of a standardized interface reducing the dependence upon proprietary equipment. 

2.2 The Challenge of Rolling Stock Fitment 

A pure ETCS Level 2 based signalling system (i.e. one that is not overlaid on line side signals) can only work on a 
line that is fitted with ETCS Level 2 itself and is used exclusively by ETCS fitted trains.  Consequently, to realize 
the benefits of such a system, an investment must be made to fit both infrastructure and rolling stock with ETCS.  
This is challenging for two reasons. 

• Many main line railways are used by a large number of different train types.  Every single one of these 
would need to be fitted before a pure ETCS Level 2 signalling system could be commissioned. 

• Most rolling stock currently in operation was not designed with ETCS in mind.  Consequently, it is often 
necessary to undertake significant modifications to each train to accommodate ETCS onboard 
equipment.  Furthermore, as the layout of many older classes of train can vary significantly between 
individual vehicles, extensive design effort is often needed to support fitment activities. 

The challenge is therefore is to synchronize fitment of ETCS trackside equipment with fitment of the rolling stock 
using that line which, ideally, should itself be synchronized with the deployment of new rolling stock on the line.  
Whilst this can reasonably be managed in dedicated high speed lines with new captive fleet of trains, it is a major 
obstacle to ETCS fitment on highly complex national railway networks. 

The challenge is compounded by the fact that, in general, rolling stock in Europe is owned and operated by 
different companies to those that manage the infrastructure.  Synchronization of ETCS fitment thus requires a 
high level of co-operation between organizations.  The challenge is compounded, because the benefits of a 
specific ETCS fitment may not be realized until a number of years later when other rolling stock and / or lines 
have also been fitted.  Unfortunately, railway franchising strategies and government funding cycles are not always 
conducive to such long term commitments.    
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2.3 The Business Problem 

The challenge of rolling stock fitment makes it inevitable that, on many lines, ETCS Level 2 will be overlaid on 
conventional line side signalling, with a gradual fitment of the rolling stock.  This rolling stock fitment has cost 
implications for the rolling stock owner / operator in four areas. 

• The costs of the fitment itself. 

• The costs of taking a train out of service to carry-out ETCS fitment. 

• The costs of maintaining the equipment. 

• The costs associated with any reduction in overall train reliability caused by having additional equipment 
onboard.  

However, the rolling stock owner / operator will not benefit directly from cost savings through removal of line side 
signalling equipment when a pure ETCS Level 2 trackside signalling system is commissioned.  Furthermore, their 
franchise may be of insufficient length for them to receive a significant return on their investment in ETCS fitment 
through the other benefits of ETCS Level 2 such as ATP or higher speeds. 

Whilst the investment case of ETCS fitment can generally be shown to yield a positive return in the long term, it is 
weakened in the short term by: 

• the fact that the return of investment may come a significant time after the investment was made; 

• the benefits of the return of investment are not necessarily spread between companies in proportion to 
the investments made by those companies.  

For many railway companies, affordability is paramount.  Investment in ETCS must, therefore, have a business 
case.  That it is to say, the ‘present value’ of the benefits realized by ETCS fitted must exceed the ‘present value’ 
of the investment in ETCS fitment.  The ‘present value’ of a benefit is the actual value multiplied by a fraction to 
reflect the time value of money (i.e. the fact that money today is worth more than money in the future, because 
money today can be invested and earn interest).  The longer the time before the benefit is realized, the smaller 
the fraction.  Consequently, the longer the time between an investment in ETCS and the benefits of ETCS being 
realized, the harder it is to make the business case.   

The problem is further compounded by the fact that the business planning timeframes of the companies making 
the investment is often constrained by the length of their franchises or control periods.  Consequently, not only 
does the business case need to be positive in the long term, it needs to be positive within the planning timeframe 
of the organization making the investment.  This is the business problem that must be addressed. 

3 THE SOLUTION 

3.1 Realizing ETCS Benefits before All Rolling Stock is Fitted 

The solution to the business problem is to enable ETCS benefits to be realized before all rolling stock is fitted.  
This is made possible through innovative trackside signalling technology that allows different signalling principles 
to be applied to ETCS fitted trains without compromising the operation of non-fitted trains.  Using this technology, 
early investment in ETCS can yield a return for ETCS fitted trains before all rolling stock is fitted. 

When ETCS Level 2 is overlaid on conventional line side signalling, this solution enables ETCS fitted trains to 
benefit from increased safety, speed, capacity, availability, operational efficiency and standardized interfaces. 

As more trains are fitted, so these benefits are enjoyed to an increasing extent.  Finally, once all trains using a 
line are fitted, the further benefits can also be realised: 

• cost savings through removal of line side signalling equipment; 

• simplification of signalling principles. 

This fundamentally changes the investment case from an all-or-nothing view of ETCS benefits, based on a pure 
ETCS Level 2 solution, to one based on incremental onboard fitment bringing incremental benefits. 
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3.2 The Technology Enabling This Solution 

The solution is made possible by innovative technology through which different signalling principles are applied to 
trains, operating under ETCS supervision, compared to those operating conventionally.  This allows signalling 
principles that enable early realization of ETCS benefits, to be adopted without compromising the operation of 
non-fitted trains. 

The technology uses a bi-directional interface between the interlocking and the ETCS RBC.  Using this interface, 
the RBC indicates to the interlocking whether the train next train to pass a signal is operating under ETCS 
supervision.  If it is, the interlocking applies principles appropriate to ETCS trains; otherwise, it applies (more 
restrictive) conventional principles. 

Within this solution, a train is regarded as being under ETCS supervision when it is being supervised to an ETCS 
Level 2 movement authority.  This means that the train must be in ETCS Level 2 and be in either Full Supervision 
(FS) mode or On-Sight (OS) mode.   

The RBC inform the interlocking that the next train to pass a signal is operating under ETCS supervision when 
the following conditions are true. 

• There is a train operating under ETCS supervision on the approach to the signal. 

• The train’s direction of travel is towards the signal. 

• There are no other vehicles between this train and the signal. 

Thus, in Figure 2, the RBC informs the interlocking that the next train to pass Signal 1 is operating under ETCS 
supervision.  In this case, which is the normal operating scenario, the RBC knows that there are no other vehicles 
between the train and signal, because this was proved when the FS movement authority up to the signal was 
issued.  If the train were operating with an OS movement authority, the RBC could only provide the indication to 
the interlocking when the train was sufficiently close to the signal that no other vehicle could be between them.  
This is because, whereas FS movement authorities (like main signal aspects) are only issued over track that is 
proved clear of obstruction, OS movement authorities (like position light aspects) can be issued over occupied 
sections. 

 

Figure 2: Train Under ETCS Supervision 

 

If the above conditions are not satisfied, the indication reverts to its default (‘safe’) state that the next train to pass 
the signal is NOT operating under ETCS supervision.  This causes the interlocking to apply conventional 
signalling principles, which are more restrictive than those for ETCS trains.  Generally this will occur when the first 
train on the approach to the route is not fitted with ETCS (a ‘non fitted train’) as shown in Figure 3. 
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Figure 3: Train NOT Under ETCS Supervision 

However, a train is also regarded as NOT under ETCS supervision: 

• in failure scenarios, when the train is operating in ETCS modes other than FS / OS, such us Staff 
Responsible (SR) mode; 

• in the absence of communications between train and RBC such that the RBC is not receiving up to date 
information from the train; 

• when there is potentially another vehicle between the train and signal, such as following a permissive 
movement in OS mode.  

In this way, the solution enables non-ETCS trains to continue to operate as they do today whilst safely enabling  
ETCS fitted trains to benefit from some the advantages offered by ETCS. 

4 SOLVING THE BUSINESS PROBLEM 

4.1 Overview 

ETCS fitment inherently brings enhanced safety through continuous ATP, for all trains, even when operating on a 
mixed traffic line.  However, it is the ability to apply different signalling principles for ETCS fitted trains that 
enables the more wide ranging business advantages of ETCS to be realized for such trains. 

4.2 ETCS fitted trains can travel faster 

ETCS fitted trains can travel faster, because conventional signalling related speed restrictions can be lifted.   

Owing to the longer stopping distances for trains travelling at higher speeds, if a signaller attempts to cancel a 
route in front of a higher speed train, that route must be approach locked longer than it would for a lower speed 
train to allow time for the train to come to a stand.  Higher speeds can be managed safely, because the 
interlocking is informed whether the next train to pass a signal is operating under ETCS supervision. 

The interlocking applies different approaching locking conditions for ETCS trains, compared to those for non-fitted 
trains.  Approach locking can only be released for an ETCS train after one of the following conditions is true. 

• The interlocking has received a fail-safe indication from the RBC that it no longer needs to maintain 
approach locking for the route because any train that held a movement authority into the route has either 
entered it, stopped on the approach to the route entrance or can be relied on to stop on the approach to 
the route entrance. 

• Sufficient time has elapsed for the train to come a stand from the higher speed after its movement 
authority has been withdrawn or timed out. 

Consistent with the fail-safe philosophy of railway signalling, the interlocking does not allow the RBC to extend a 
train’s movement authority into a route before this approach locking has been applied.  Neither does it allow the 
route to be released when a train may still have a movement authority into the route. 
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Higher speeds bring shorter journey times which lead to higher customer satisfaction as well as more cost 
effective use of rolling stock and train crew time. 

4.3 Increased capacity through the removal of restrictive conventional signalling controls 
for ETCS trains. 

ETCS supervises train speed continuously and informs the driver of the permitted speed in the driving cab.  
Therefore, signalling controls that aim to control train speed by delaying the clearance of a signal aspect are not 
needed.  Capacity is improved because these controls are generally conservative, slowing a train down more 
than and earlier than is necessary.   

In the example in Figure 4, the signal will be held at red until the train detection section on the approach to the 
signal has been occupied for a sufficient period of time that the approaching train can be doing a speed no 
greater than 40mph (64km/h).  However, this will often cause the train to decelerate to speed below 40mph and 
be travelling at this speed at least 500m before it needs to.  Both of which have a detrimental effect on capacity, 
because the train takes much longer to pass over the junction.   

 

Figure 4: Approach Release at Junction 

Such controls can be over-ridden for ETCS trains, because junction related speed restrictions are precisely 
supervised and indicated onboard the train.  ETCS can thus improve capacity, allowing more revenue earning 
services to run.  

Capacity for ETCS trains can be further improved using shorter ‘ETCS’ block sections, as illustrated in Figure 5.  
In this scenario, the requirement that all train detection sections in the conventional block section be unoccupied 
when the entrance signal clears is over-ridden for ETCS trains.  Instead, only train detection sections in the first 
ETCS block section need to be unoccupied for the signal to display a proceed aspect.  

 

Figure 5: Shorter Block Sections 

Shorter ETCS block sections can safely co-exit with conventional block sections.  This is because the less 
restrictive conditions for signal clearance only apply when the interlocking is receiving a fail-safe indication that 
the next train to pass that signal is operating under ETCS supervision.  When operating under ETCS supervision, 
the limit of a train’s movement authority is supervised and indicated onboard.  This has two important 
consequences. 

• Block section length need not be constrained by signal sighting or braking distance considerations, 
hence (ETCS) block sections can be as short as needed to satisfy operational needs. 
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• A train under ETCS supervision will not travel further than is safe even though the signal may be 
authorizing it to enter an occupied (conventional) block section. 

Capacity can be improved still further when ETCS is used to support Automatic Train Operation (ATO).  This is 
because ATO can enable trains to travel closer together through the application of more consistent driving styles, 
with higher acceleration and braking distances, than is possible with manual driving.  

4.4 Increased railway network availability for ETCS trains thanks to cost effective bi-
directional signalling. 

Bi-directional signalling improves the availability of a railway network by allowing trains to run in both directions on 
one track, of a two track railway, when the other track is blocked (e.g. for engineering works).  Conventional bi-
directional signalling is often prohibitively expensive because: 

• additional signals, with associated structures cabling and equipment, must be constructed; 

• Automatic Warning System magnets must include suppression circuits; 

• additional interlocking and control centre functionality is required. 

However, with ETCS, the first two of these costs are not applicable.  Consequently, bi-directional signalling with 
ETCS can be cost-effective in situations where conventional bi-directional signalling is not.  Furthermore, 
because ETCS block sections need not be the same as conventional block sections, ETCS bi-directional 
signalling can be intermixed with uni-directional conventional signalling.  This means that, when a line is blocked, 
ETCS trains could run when conventional trains could not as shown in Figure 6.   

 

Figure 6: Bi-directional signalling for ETCS trains 

4.5 More efficient operation for ETCS trains.   

More efficient operation includes the ability to improve punctuality, whilst reducing energy usage, through better 
regulation.  It also includes provision of more accurate information to customers and operational / business 
decision makers. 

This is possible thanks to the continuous dialogue between trains in ETCS Level 2 and trackside infrastructure.   
Because ETCS Level 2 trains frequently report their speed and position, they provide trackside traffic 
management equipment with much more precise information than can be gleaned from occupancy of train 
detection sections by non-fitted trains.  Of itself, this is an enabler for better regulation and information systems.  
However ETCS can offer even more than this when used as part of, or a bearer for, a regulation system. 

• Pure ETCS Level 2 can be used to regulate train speed through alteration of the speed profiles sent to 
the train.  This could, for example, be used to manage a conflict at a converging junction. 

• Regulation can be implemented indirectly through a Driver’s Advisory System, with data conveyed in 
ETCS messages. 

• Regulation can be implemented directly through ATO using ETCS messages supplemented with 
regulation instructions.   
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4.6 Business impact 

These business benefits help make the business case for fitting a line with ETCS trackside equipment, even 
before all trains using that line are fitted with ETCS onboard equipment.  Furthermore, once the line is ETCS 
fitted, these benefits offer strong incentives for rolling stock owners and operators to fit ETCS onboard equipment 
to their trains.   

In this way, the problem of how to cost-effectively synchronize trackside and onboard ETCS fitment is replaced by 
a virtuous circle in which ETCS fitment (of trackside or onboard) brings benefits to all that incentivize investment 
in further fitment.  

5 CONCLUSION 

ETCS Level 2 offers many benefits to rail from higher speeds and greater capacity, through reduced 
infrastructure costs, to automatic train operation.  However, in the traditional fitment model, the business case is 
weakened because the benefits of ETCS Level 2 are not realized until a pure ETCS Level 2 solution is 
implemented in which all trains are fitted. 

This paper has shown a way to improve the investment case for ETCS by using innovative signalling technology 
that enables the benefits of fitment to be realized before all rolling stock is fitted on a given line.  This maximizes 
the return on ETCS investment, for both infrastructure and rolling stock owners / operators by changing the 
investment model from an all-or-nothing view of ETCS benefits to one based on incremental benefits   

 


