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SUMMARY 

The authors intend to investigate the advantages and disadvantages of installing secondary train detection 
systems in Communications Based Train Control (CBTC) signalling systems.  Such investigation is based on 
interviews conducted with several industry experts of CBTC signalling systems, as well as analysis of available 
literature.  The findings of the investigation are presented in this paper and participants are invited for a 
discussion on this topic. 

This study will be limited to the use of secondary train detection in CBTC-based metro systems.  Hence, the 
study into mainline railway systems has not been be investigated. 

1 INTRODUCTION 

Communications Based Train Control (CBTC) technology is a train control system that utilizes data 
communications technology to control trains in metro lines.  Typically the underlying signalling principle can 
either be based on moving block technology or virtual fixed block technology.  The system relies on the 
Automatic Train Control (ATC) units on board the trains to communicate their own positions to trackside ATC 
units using wireless means such as radio or other transmission methods; hence there are no requirements to 
build detection systems along the track in order to determine the presence of a train. 

In some cities, when Communication Based Train Control (CBTC) metro lines are built, it is required that 
secondary train detection systems should be installed as part of their networks.  Examples of secondary train 
detection systems include track circuits and axle counters to detect the absence of the trains and engineering 
consists.  Many signalling suppliers, however, believed that since CBTC constantly track the locations of the 
trains and engineering consists, secondary train detection systems are unnecessary in the technical 
requirements of CBTC, and they are not required to be installed and operate along with the CBTC system. 

The author intends to evaluate the advantages and disadvantages of installing secondary train detection systems 
in CBTC signalling systems. 

2 DISCUSSION  

2.1 Hypothesis 

In CBTC systems, as trains would communicate their locations to the trackside train control system, it is not 
necessary for trackside train control systems to detect trains.  Indeed, in the 2011 Institution of Railway Signal 
Engineers (IRSE) Seminar on CBTC, Gracey (2011) cited the elimination of trackside detection systems as an 
advantage when analysing the business case for installing CBTC systems on metros.  

The author believes that secondary train detection is primarily needed to guard against a complete failure of the 
line due to failure in the CBTC system.  For cities in which the general public depend very much on the metro for 
travel, such complete suspension of service would be catastrophic.  With tens or even hundreds of thousands of 
metro commuters displaced from a major metro line, the transport network of a city may not be able to cope with 
the increase in number of people travelling by alternate means, and this would cause displeasure from the 
general public and authorities.  Hence, when designing CBTC systems for a metro line, efforts are made to 
ensure a low probability of widespread suspension of service.  

2.2 Interviews 

In analysing the operational need for the use of secondary train detection in CBTC systems, interviews were 
conducted with operators and signalling system designers of metro lines.  The objective of such interviews is to 
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determine the opinions and reasonings of railway practitioners in order to further analyse the various rationale 
whether or not secondary train detection systems are used. 

2.2.1 Interview with Mr Robert Cooke  

Mr Robert Cooke is the Deputy Chief Specialist (Signalling) in the Systems Specialists Sub-Group of the Land 
Transport Authority (LTA) in Singapore.  He was also previously the technical manager of the signalling supplier 
during the design and construction of Downtown Line (DTL). 

The primary reason explained by Cooke why track circuits are used in Singapore CBTC lines is to allow quicker 
recovery of service after failures in the CBTC system have been resolved.  The dependency on public transport 
in Singapore, including buses and metro, is high, and as Cooke states in the interview, prolonged suspension of 
service will be received negatively and will be reported in the press.  

Another reason cited by Cooke for using track circuits is that track circuits can allow point locks and point release 
to be carried out more quickly due to the accurate detection of trains at the instance the train enters or leaves the 
track circuit.  

Lastly, Cooke also explained that a common reason track circuits could be used is to detect broken rails, 
however he is personally not in favour that track circuits should be installed for this purpose. 

2.2.2 Interview with Mr Klavs Hestbek Lund  

Mr Klavs Hestbek Lund is currently Project Director in COWI, a consulting company providing services in areas 
including railways.  He previously worked as head of department and project director in Metroselskabet I/S, 
which owns the Copenhagen Metro network in Denmark.  In that role, he was responsible for providing the 
design requirements for new CBTC signalling systems under construction in Copenhagen.  This includes the new 
‘Cityringen’ system which is Grade of Automation Level 4 (GoA4) and the CBTC system supplied by Ansaldo 
STS. 

Lund explained that the ‘Cityringen’ system as supplied by Ansaldo STS includes the installation of track circuits 
due to the inherent requirements of the signalling system supplied.  He however believes that secondary train 
detection systems are unnecessary for CBTC systems, since there is no technical necessity for such systems.  
He also explained that the addition of secondary train detection systems would increase costs, both upfront and 
during maintenance.  The design process would also become more complex, with more complications in design 
and safety approval.  

2.2.3 Interview with Mr Matias Sevel Rasmussen  

Mr Matias Sevel Rasmussen is a signalling systems engineer in Metroselskabet I/S, which owns the 
Copenhagen Metro network in Denmark.  In this role, he has worked on a broad range of signalling related tasks, 
including the design review of the ‘Cityringen’ line.  

Rasmussen believes that the decision whether or not to include secondary train detection would need to consider 
the potential improvement in service level during degraded operations and compare it against costs of installing 
the system and recurring maintenance costs.  However, he also explained the consideration of the possibility to 
use the funds to improve the reliability of the primary system, such that service levels could be improved by 
reducing the probability that the system fall into degraded mode. 

2.2.4 Interview with Mr Shiv Mohan  

Mr Shiv Mohan is currently Service Delivery Centre Manager in Bombardier Transportation.  Previously, he 
worked for Serco as a systems manager responsible for delivering high performance standards in the operation 
of the signalling system in Dubai Metro.  The Dubai Metro network contains some lines which use CBTC 
technology without a secondary train detection system.  

Mohan explained that in Dubai Metro, there had been 16 cases of train communication losses over the four year 
period between 2009 and 2013.  During this period, there had also been two cases of trackside system failure.  
He also opined that since signalling systems are typically required to achieve very high reliability, for example 
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99.9%, failure of the system would be rare and could be resolved through strict operation procedures.  There was 
hence no need for secondary train detection systems unless the metro line is operating trains without compatible 
signalling systems. 

2.3 Analysis 

Based on the interviews with industry practitioners, the opinions as stated in the interviews are summarized in 
Table 1, and broadly divided into four categories.  Each category of reasons is further considered to determine 
the extent of validity in the argument. 

Table 1: Summary of Inputs from Interviewees 

Reasons which support Secondary Train Detection Reasons not supporting Secondary Train 
Detection 

1. System reliability and availability

Assists in the recovery of service after CBTC system 
is restored 

May reduce overall availability of system 

Overall service target may be improved, considering 
degraded service is better than no service 

Allows the use of backup system using track circuit 
track codes 

2. Mixed Fleet Operation

Allows operation of non-CBTC vehicles Non-CBTC vehicles can be protected by manual route 
reservations 

Metros are normally not mixed fleet 

3. Design and Costs Considerations

Faster release times in point locking Increased costs and design complexity 

4. Broken Rail Detection

Broken rail detection of some types of rail breaks 
(track circuits only) 

Broken rails can be detected or prevented by other 
systems and means 

2.3.1 Systems reliability and availability 

The following figure shows a functional block diagram for the train positioning function in CBTC, and provides a 
list of components which are required to perform this function.  The failure of each component can then be 
considered and it could then be determined if a secondary train detection system would assist in the recovery of 
the function after the faulty component is repaired.  An unattended, automatic CBTC system is assumed in the 
analysis.  If there are attendants or drivers on board the train, the recovery process can be more easily 
implemented. 
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Figure 1: Functional block diagram for train positioning (Author, 2016) 

There are three broad categories of positioning failures, based on the decomposed functions. 

A CBTC signalling system may lose the position of trains which become unable to calculate its position.  Under 
this scenario, the train would lose its position and emergency brake to a stop.  The wayside unit would protect a 
section of track where the train is, based on its last known position, direction of travel, system reaction time, and 
known failure behaviour of the train.  For example, using typical values, a 140m train travelling at 80km/h, that 
starts to brake at 0.6m/s2 after losing communications for 5 seconds, would require a protected track length of 
about 700m.  If there had been no secondary detection system in place, there would be a need to confirm the 
location of train not only by the train reporting its own position, but also to ensure there were no other obstacles 
on the track.  This could only be done by manual inspection of the track, possibly by manually driving a train at 
slow speed to clear the track section.  A secondary train detection system is installed on the line can improve 
recovery times by declaring certain sections of track clear without further manual checks.  

Mohan in the interview shared that in Dubai Metro, train service can be restored quickly and automatically as 
long as the train was not manually moved during the failure period, and the wayside unit is able to locate the train 
at its last known position.  If such facilities are available in the metro system, resumption of service can be 
improved without the need for secondary train detection in this case. 

A CBTC signalling system may also use the position of trains due to the failure of the wayside signalling system.  
This could either be caused by a hardware failure or power failure.  

If the hardware had failed, the wayside unit would lose all information on the trains and their locations on the 
section of track.  After replacement and restarting, the signalling system would impose protection over all 
sections of the track under its responsibility.  To restore operation, trains would need to be driven manually along 
the protected tracks to confirm any absence or presence of trains.  With secondary train detection system 
installed, it may be possible that some sections of tracks would have been declared unoccupied, and hence 
require no further confirmation.  This benefit would however be dampened if trains had been travelling at close 
headways, and most track sections are declared occupied. 
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If there had been a power failure affecting all wayside equipment, secondary train detection systems would also 
be impacted.  Upon the recovery of power, how secondary detection systems could aid in service recovery would 
depend on the type of secondary detection system used.  If track circuits were installed, upon restoration of 
power, the energization of track relays would prove the absence of trains in some sections of tracks.  However, 
with an axle counter system, the number of axles crossing each track section would become unknown, and the 
system would need to be manually initialized as well, hence not bringing benefits to service recovery.  

As a metro network expands in track length over a period of time, the number of track sections in the network will 
inevitably increase.  With an increase in the number of components, the availability of the train detection system 
may worsen, and failure rate may increase.  From a network wide point of view, failures of the secondary 
detection system could become more frequent, as more lines are constructed and the metro network expands.  
Assuming the same average track length per track section, a doubling of track length would double the number 
of track sections, double the number of equipment, and potentially double the number of failures over the same 
period of time.  The operational impact to the failure could however be partially mitigated by having the CBTC 
system detect secondary train detection system failures, and not completely stop operation during such failure 
situations. 

2.3.2 Mixed fleet operation 

In some metros, there may be some vehicles that operate on the line which are not equipped with compatible 
CBTC systems.  These could be engineering vehicles which may not be equipped with signalling systems, or 
passenger trains from other lines that may be operated manually without CBTC signalling protection. 

Lund opined that it is only acceptable to have secondary train detection if such unequipped trains need to be 
driven during revenue service, whilst Mohan believed that the use of unequipped trains is probably rare in a 
metro context, and such operations could be regulated using strict operating procedures. 

Rumsey and Cox (2012) suggested three possible scenarios for mixed fleet operation (Rumsey & Cox, 2012): 

• For the transition during the renewal of signalling systems.  In such cases the secondary train 
detection systems should not be kept permanently; 

• Operating in mixed fleet mode as a regularly scheduled mode of operation.  This would be unusual 
since the full operational benefits of CBTC would not be realised; 

• Operating unequipped trains as an irregularly scheduled mode of operation.  This would only be a 
consideration if the network is complex and lines are not well-segregated. 

2.3.3 Design and Costs Considerations 

Performance of Point Switching 

It was noted by Cooke in the interview that track circuits can assist in faster release times in point locking.  This is 
due to the accurate train location that track circuits and axle counters provide as a train travels across track 
section boundaries.  Under CBTC, a train location would always have uncertainties associated with it. 

Track Section Boundary 

CBTC Train Position with position uncertainties

Actual Train Position 

Point / Turnout 

Track 
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Figure 2 Train positioning while crossing track sections with a turnout 

Figure 2 illustrates how train detection systems may assist in performance by allowing points to start switching 
once a train leaves the track section containing the point.  While a train is still within the track section containing 
the point, the point must not move so as to avoid derailment of the train.  However, once the point track is 
declared physically unoccupied by the train detection system, the point can start to move.  

Under CBTC, train position calculations can contain uncertainties due to the uncertainties associated in the on-
board speed sensors such as tachometers or accelerometers, as well as uncertainties in reading the trackside 
fixed beacons.  In order to be absolutely certain that the train is not on the point track, the train would have to 
report a position which, after accounting for uncertainties, placed the train out of the danger zone of a point, 
before the point could switch positions.  This would incur slightly longer times, which could affect performance at 
critical sections of the line – such as the areas where trains need to perform turnaround manoeuvres. 

If such performance improvement is required, a possible implementation would be to install secondary train 
detection only at performance-critical areas, such as turnaround areas, and not on the entire line, as installation 
to the entire line may reduce overall availability.   

Complexity of Design 

The introduction of secondary train detection systems into CBTC increases the amount of coupling and 
interdependence in the system.  Designers need to ensure that CBTC functions are not compromised when 
secondary train detection systems are introduced, especially when considering varied operating conditions such 
as above ground, underground, degraded and failure conditions.  For example, if secondary train detection 
systems are introduced at turnouts to improve the performance of point switching, there is a need to consider the 
safety and operational implications if the primary train positioning system reports a different result from the 
secondary train detection system, or when the secondary train detection system fails.  

Also, there would be additional interfaces between the CBTC signalling system and the secondary detection 
system when secondary detection systems are introduced.  For example, failed track circuits are expected to not 
cause severe impact to train operations when operating in a CBTC signalling system.  Hence, additional design 
considerations would be required to correlate the occupancy of track sections and train location reports to detect 
the possibility that an occupied track section could be due to a failure in the secondary detection system, rather 
than occupancy by a train. 

As Lund explains, the increase in design complexity will incur additional design costs, as more scenarios need to 
be considered when analysing the safety of the signalling system.  There is hence a need to weigh the benefits 
of installing a secondary train detection system against the complexity and cost that installing such secondary 
train detection system may entail. 

2.3.4 Broken Rail Detection 

Cooke stated that some metro operators rely on track circuits to detect broken rails on the line.  Axle counters do 
not offer such functionalities.  Track circuits are used to monitor the absence of trains in a track section.  
Referring to Figure 3, point A, low voltage currents are applied to the rails by a transmitter device and detected 
by a receiver device if there is no train within the section (Railway Technical, 2016).  As shown in point B of 
Figure 3, the current flow will be interrupted by the presence of the wheels of a train.  

If there is a complete break of the rail, the receiver device would not be able to detect a signal even though there 
is no train within the section.  Hence, if a track section is suddenly declared occupied when there is no train 
expected in the section, there would be a possibility that the rail is broken.  Since a train may derail if it travels 
across broken rail, verification and maintenance activities would need to be conducted as soon as possible to 
prevent an accident. 
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Figure 3: Track circuit operating mechanics (Author, 2016) 

According to Thurston, traditional methods such as track circuits have been effective in lowering the occurrence 
of broken rail-induced derailments for a number of years (Thurston, 2014).  However, in the assessment of 
Railtrack in its responsibility in maintaining the track in Great Britain in the years prior to 2000, it is recommended 
that measures should be undertaken to consider the monitoring of track conditions and defects to prevent and 
predict broken rail before the occurrence of broken rail incidents.  For example, the introduction of automatic 
ultrasonic inspection methods could be used to detect rail defects before the rail is completely broken (Sawley & 
Reiff, 2000). 

Thurston suggests a risk-based approach in detecting and repairing rail breaks and defects.  There are three 
categories of solutions in the detection and mitigation of rail breaks and defects (Thurston, 2014): 

• Continue using track circuits as a form of broken rail detector 

• Use other systems to detect broken rail, for example strain gauges or acoustics method in broken rail 

detection 

• Use systems to detect rail defects and cracks, and replace the rail before the rail is broken.  An example 

is ultrasonic testing by using moving vehicles. 

Each method of broken rail detection or prevention would have its own benefits, costs and risks. 

For example, track circuits can only detect complete rail breaks, and do not provide any detection from rails 
broken under the train as it passes, nor do they detect breaks that do not interrupt current flow (including breaks 
that are reconnected when rails expand) (Thurston, 2014).  This is similar to other systems which can only detect 
rail breaks.  Once rail breaks are discovered, there would be an urgency to repair the rail as soon as possible, 
resulting in possible disruption of service and high cost incurred.  There is also a risk in these systems not 
detecting the broken rail in time to prevent an accident.  
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These systems however, have the benefit that detection is done continuously, as opposed to systems which 
prevent the occurrence of broken rail.  One limitation of using ultrasonic testing by using moving vehicles is that 
these tests need to be conducted at speeds that are much lower than authorized train speeds and can force 
testing to be performed during off-peak times (Thurston, 2014).  The need to actively scan for rail defects using 
vehicles means that if inspections were not conducted at suitable frequencies, rail defects may be missed, 
subsequently developing into rail breaks, and if the breaks were not repaired in time, an accident may occur.  
With suitably frequent rail checks however, rail defects can be monitored closely and rail repairs would be 
scheduled at a suitable time. 

Hence, in order to determine whether track circuits can be used as both a form of secondary train detection and 
for broken rail detection, it is recommended that an acceptable level of risk in not detecting rail breaks be 
determined and a cost / schedule comparison used to weigh the various solutions available.  For a less disruptive 
train service, the use of rail inspection techniques to detect rail defects would be more favoured than broken rail 
detection systems since defects can be monitored and repairs can be scheduled in advance. 

3 CONCLUSION 

Based on interviews with various signalling experts from different metro operators, it is found that there are 
varied reasons to either support or not support the use of track circuits and axle counters as secondary train 
detection in CBTC signalling systems.  The rationale are divided into four categories as follows: 

3.1 System reliability and availability  

The use of either track circuits or axle counters assists in the restoration of train service after a positioning or 
communication failure had occurred and rectified.  However, the assistance is limited if the trains are operated 
closely together and most, if not all, of the track sections are occupied with trains. 

The use of a secondary detection system would add more components into the network as the network expands.  
As the number of components used in the network increases, the probability of a failure would also 
correspondingly increase. 

3.2 Mixed fleet operations 

The use of track circuits and axle counters for mixed fleet operations could be justified if the metro line operates 
mixed fleet or cross-line service at regular schedules. 

3.3 Design complexity and costs consideration 

There is also a need to consider the increased complexity which occur when secondary train detection systems 
are interfaced with CBTC signalling systems.  Not only would there be more failure scenarios to consider, there 
would also be a need to consider how failures in the secondary train detection system can affect the CBTC 
signalling system.  The additional safety analysis and assessments conducted during the design of the signalling 
system, as well as verification functions designed into the system, would increase both the complexity and costs 
of the system.  

3.4 Broken rail detection 

Track circuit systems have been used by some metro operators not only as secondary train detection, but also to 
detect broken rails.  However, track circuit systems are not designed for this function, and are not able to detect 
all types of broken rail.  An alternative solution to broken rail detection would be to monitor the rail for rail defects 
and implement preventive maintenance on the rail before the rail is completely broken. 
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ETCS LEVEL 3 FOR METRO-TYPE MAINLINE 
OPERATION 

David Gill, BSc PhD CEng MIET MIRSE, Siemens Rail Automation UK  

SUMMARY 

The paper describes a modelling investigation conducted by Siemens Rail Automation to explore the potential 
performance benefits of ERTMS/ETCS Level 3 designs applied to mainline railways having metro-type 
characteristics. As a prime case example, the modelling focusses on the area of a critical flat (at-grade) junction 
on Thameslink in central London. Here, signalling upgrade works by Siemens Rail Automation permit 243-metre 
mainline trains to operate through a two-road ‘core section’ with a signalled design capacity of 30 trains per hour 
in each direction. This metro-type level of capacity is facilitated by an ETCS Level 2 Overlay system integrated 
with Automatic Train Operation (ATO) for optimal headway performance. 

The performance of ETCS Level 3 is compared against ETCS Level 2 Overlay in terms maximum signalled capacity 
and the transient response of ATO control following service perturbations that cause route-conflict across the flat 
junction. Operationally, whilst ETCS Level 3 is demonstrated to provide marginal gain in signalled capacity, its real 
potential is shown to be in supporting significantly faster recovery of scheduled service after delay perturbations. 
Localised Automatic Train Regulation (ATR) could potentially give further improvement by detecting perturbations, 
predicting their impact and intervening to eliminate route-conflict. 

INTRODUCTION 

The vison of European Train Control System (ETCS) Level 3 is large-scale elimination of active track-based 
signalling equipment and provision of much-needed additional signalled line capacity. This can, for example, be 
through migration from ETCS Level 2 Overlay or from ‘hybrid ETCS Level 3’ solutions such as currently under 
investigation by Network Rail in collaboration with ProRail [Ref [1]]. Performance analysis of ETCS Level 3 capacity 
elsewhere tends to focus on ‘plain line’ scenarios where ‘moving-block’ train separations are shown to permit 
significant improvements in capacity. The reality for many mainline railways, however, is that flat junctions 
effectively present ‘fixed block’ infrastructure constraints limiting capacity and presenting high potential for route-
conflict between opposing directions. Whereas metro railways are designed from the outset to avoid flat junctions, 
this is often not feasible for existing mainline alignments in dense built-up areas. The paper focusses on the effect 
of ETCS Level 3 on ‘traffic dynamics’ when perturbations occur in a service operating close to signalled capacity. 
The effectiveness of a rule-based Automatic Train Regulation (ATR) algorithm is assessed in terms of eliminating 
cross-coupling of delay between service directions due to route-conflict at flat junctions. 

Reference to Network Rail Thameslink provides a representative example to model the performance of ETCS 
Level 3 on a speculative basis. It is not necessarily representative of the actual implementation of signalling, train 
control and traffic management. The implemented signalling is ETCS Level 2. Traffic Management is provided by 
another supplier. 

SIGNALLING AND OPERATING A FLAT JUNCTION FOR HIGH CAPACITY 

Flat junctions present significant constraints to efficient high-capacity operation. Train movements in each direction 
across the junction have to be carefully scheduled in relation to each other to avoid conflict. When a service 
operates close to signalled capacity, the effect of service perturbations in one direction can quickly couple across 
to affect the other direction. To minimise the headway constraint, the duration that a junction is utilised for a train 
route should be as short as possible. Trains should therefore traverse a junction at the highest permitted speed 
subject to the geometry limitations of the junction. Also, the location where a route across the junction is requested 
should be as close to the junction as possible, subject to braking distance requirements and system delays. At 
present, this location is derived from track-based train detection and tends to be non-optimal because it must be 
based on the type of rolling stock having the highest approach speed or the lowest braking capability. The ETCS 
on-board equipment (Level 2 or Level 3) has accurate knowledge of the current speed and location of the train, so 
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the possibility exists to utilise this information to make the route-request location dynamic and therefore optimal. 
Here, on approaching a junction, ETCS on-board calculates the route-request location based on the anticipated 
delay incurred for the Movement Authority (MA) to be extended forward across the junction. With ATO, it is possible 
to predict this location such that the MA extends forward on a ‘just in time’ basis. This is consistent with the evolving 
design philosophy of permitting trains to request and relinquish utilisation of infrastructure assets directly, thereby 
optimising the operation of the railway as a whole. 

A recognised optimal technique for scheduling trains across a double flat junction is to ensure train paths to and 
from the branch, or to and from the main, traverse the junction at the same time. The two sets of points (switches) 
are therefore either in the ‘Reverse’ position at approximately the same time or in ‘Normal’ position at the same 
time.  

CASE EXAMPLE: THAMESLINK BLACKFRIARS FLAT JUNCTION  

3.1 Overview of Thameslink core area  

Thameslink is a major mainline route through central London linking the south coast with towns to the north of 
the capital. Network Rail, the UK railway infrastructure operator, is currently carrying out an extensive upgrade of 
Thameslink [Ref [2]] to increase the size of the network, permit operation of a new fleet of longer trains, and to 
increase the service frequency by about fifty percent to 24 trains per hour (tph) in each direction. Siemens 
Mobility Division is playing a significant role in the project by supplying a fleet of new electric multiple-unit trains 
and re-signalling the ‘core area’ through central London with ETCS Level 2 overlaid onto the existing multi-aspect 
system [Ref [3]]. This includes pioneering deployment with ETCS Level 2 with Automatic Train Operation (ATO). 

A significant constraint of the network topology is convergence into a two-track ‘core section’ as illustrated in 
Figure 1. This 4-kilometre section is partly elevated and partly cut-and-cover tunnel, with gradients as much as 3 
percent at tunnel portals. Line speed through in the core is limited to 50 km/h and the distance between stations 
is as little as 630 metres. The core section is bounded by grade-separated Canal Tunnels Junction at the 
northern end of St Pancras International station and Blackfriars flat junction 370 metres to south of Blackfriars 
station. With a service frequency of 24 tph (2.5-minute intervals), Thameslink core section provides a metro-type 
service, but with the challenge that the trains (12-car formation) are 100 metres longer than typical metro trains 
and of lower acceleration and deceleration. Maintaining regular headway in the core section is essential in view 
of potential passenger build-up on narrow side platforms and the presence of a major interchange with the new 
Elizabeth Line at Farringdon. Table compares key features between Thameslink core and a typical metro. 

Feature Thameslink core section Typical metro operation 
Maximum train length 243 metres (12-car formation) 130 metres (8-cars)
Peak service frequency (each direction) 24 tph  30 tph  
Line passenger capacity (each direction per hour) 43000 (1800 per train) 27000 (900 per train)
Signalled capacity 30 tph (design capacity)  36 tph 
Platform dwell 60 seconds maximum 45 seconds (peak hour)    
Signalled Platform Reoccupation time 75 seconds >45 seconds
Line speed 50  km/h 80 km/h 
Steepest gradient 3.5 % 2.5 %
ATO braking rate 0.83 m/s2 1.15 m/s2 (dry tunnel)
Acceleration when train clears platform mid-point 0.35 m/s2 (under DC power) 0.70 m/s2 

Table 1: Key differences between Thameslink core section and typical metro (based on London Underground)  

3.2 Signalled capacity in core area 

The service capacity on Thameslink core section will increase from about 16 tph to 24 tph in each direction. To 
support this level of service, the signalling system is required to permit Platform Reoccupation Times (PRT) that 
do not exceed 75 seconds. PRT is a measure of how soon a train can come to rest at a platform unimpeded after 
the previous started to depart (wheel-start to wheel-stop time). The required service headway for regular 24-tph 
operation is 150 seconds. With a PRT of 75 seconds, this provides a maximum platform dwell of 75 seconds. 
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However, in order to provide resilience against the effect of service perturbations and small variations in train 
performance, the system design assumes a maximum dwell of 60 seconds, leaving 15 seconds of ‘recovery 
margin’. The design is also required to also support a mode of service operation known as ‘burst recovery’ in 
which the dwell time is reduced to 45 seconds and the recovery margin fully utilised. The aim is to permit delayed 
trains to leave platforms in quicker succession in order to minimise the impact of a previous perturbation.  The 
service headway during burst-recovery periods is reduced to 120 seconds (75 seconds PRT plus 45 seconds 
dwell). During periods of perturbed operation, the signalling system must therefore be capable of supporting a 
design capacity of 30 tph until normal timetabled operation is restored. The junctions that bound the core area 
must also support 30-tph operation with adequate margin. At the north end of the core area, as shown in Figure 
1, Canal Tunnels Junction is grade-separated and therefore does not present a conflict between northbound and 
southbound services.  Blackfriars flat Junction at the south end of the core section, however, has the potential to 
cause significant route conflict.  

Figure 1: Simplified representation of Thameslink core area 

3.3 ‘ATO over ETCS Level 2’ for 30-tph capacity  

Conventional signalling block sections in the core area that are headway-critical are subdivided into ‘ETCS blocks’ 
typically 70 metres in length. This permits the Radio Block Centre (RBC) to extend the MA for ETCS-fitted trains 
more rapidly as a train ahead (fitted or unfitted) clears the platform area, thereby increasing signalled capacity. 
Non-fitted trains continue operate to existing lineside signal aspects with existing track-based Train Protection and 
Warning System (TPWS) and therefore have to maintain greater separation behind a train ahead. 

Deployment of ATO in the core area permits ETCS-fitted trains to have consistent and predictable driving 
performance that is maximised within the safe speed envelope. A further gain in capacity is possible by utilising a 
configuration setting of ETCS Baseline 3 [Ref [4]] permitting suppression of the Service Brake (SB) command. 
Under Full Supervision (manual driving), initial SB intervention is preferred in order to avoid damage to the rolling 
stock and track that could result from application of the Emergency Brake (EB) [Ref [5]]. However, with deployment 
of highly reliable ATO, the occurrence of EB intervention is expected to be very rare such that suppression of the 
non-vital SB is justified.  

Figure 2 illustrates how ETCS supervision limits are generated in rear of the End of Authority (EOA) located at a 
junction protection signal having no forward route set. For ETCS Level 2, the Supervised Location (SvL) is located 
close to the end of the conventional signal overlap. Under ETCS Level 3, it can be located closer to the Point toes. 
Two Service Brake Intervention (SBI) supervision limits (SBI1 and SBI2) are generated that move in relation to the 
estimated train speed (v). SBI1 is the supervision location for the EOA whilst SBI2 is the supervision location 
protecting the SvL. The ATO braking point defines the headway-critical location where the train speed first deviates 
from the normal unimpeded performance. It is based on a braking curve configured optimally with reference to the 
closest of SBI and SBI2. In the event that the service brake malfunctions and does not decelerate the train correctly, 
EB intervention is triggered when the Maximum Safe Front End of the train exceeds the Emergency Brake 
Intervention (EBI) supervision limit. Suppression of the SB command relocates the SBI1 and SBI2 supervision 
limits closer to the EOA and thereby permits the ATO braking point to be closer to the ETCS ‘safety envelope’ to 
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provide a gain in signalled capacity. ATO also enables closer adherence to the ‘true’ envelope of safe track speed 
profile than is feasible under manual driving. It permits trains to re-accelerate when their estimated rear location 
clears speed restrictions. Under manual driving, Permanent Speed Restriction (PSR) clearance signboards are 
positioned for the train formation having the greatest length. Also, PSR signboard values are often rounded down 
to give a margin for over-speed and to limit the number of speed restrictions the driver is required to control to. 

Figure 2: ATO braking point in relation to ETCS Supervision Limits 

‘ETCS LEVEL 3 ROUTES’ – CONCEPT OF OPERATION 

4.1 Operational routes 

The goal of ETCS Level 3 is the elimination of active track-based signalling equipment, the simplification of complex 
scheme design and principles testing, and the provision of optimum capacity through ‘moving-block’ train 
separations. An approach developed by Siemens Rail Automation to fulfil this aim involves configuration of virtual 
‘Operational Routes’ that generally extend between network nodes. Movement Authorities extend to the end of 
Operational Routes but require a decision from the Automatic Route Setting (ARS) system before being extended 
into an Operational Route ahead. 

4.2 Level 3 routes 

Each Operational Route is divided into one or more ‘Level 3 Routes’ that perform a similar function to conventional 
track-based Sectional Route Release. Each Level 3 Route is terminated by a virtual ‘Release Point’ configured 
close to junction fouling point or clearance point. Figure 3 illustrates the relationship between Operational Routes 
and Level 3 Routes as configured for Blackfriars Junction area. Because Blackfriars southbound platform (BFR1) 
is only 370 metres from the junction (see Figure 1), it is assumed operationally preferable to terminate an 
Operational Route at the platform Block Marker rather than closer to the junction. 

Multiple ETCS-fitted trains can exist within each Level 3 Route. Based on existing ETCS configuration provision 
[Ref [4]], each train transmits Train Position Reports (TPRs) to the RBC with a frequency high enough to constitute 
‘moving block’ operation. TPRs can be configured fixed intervals of either time or distance. Fixed time intervals 
(e.g. 5 seconds) permit the MA to closely ‘track’ to rear location of a train leaving platforms and thereby support 
close headway operation. Elsewhere, where headway is not as critical, TPRs can be configured for longer intervals, 
thereby optimising RBC message loading. Location-specific TPR generation is configured when the train rear 
clears Release Points or when the train front passes the entry location to Level 3 Routes.  

4.3 Implicit route locking 

An important feature of the design is that the conventional function of route locking and track locking is provided 
implicitly, thereby eliminating dependence on track-based train detection to fulfil this function. The RBC maintains 
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a list of trains, maybe only one train, that report when entering and when clearing each Level 3 Route. Locking of 
the route is removed only when the final train ‘counted in’ is ‘counted out’. 

Figure 3: Relationship between ‘Operational Routes’ and ‘Level 3 Routes’  

SIMULATION MODEL OF DOUBLE FLAT JUNCTION OPERATION 

5.1 Overview of simulation tool 

‘Scheme Simulation Tool’ [Ref [6]] is a micro-level simulation developed by Siemens Rail Automation to assess 
available capacity at headway bottlenecks such as junctions and turn-back sites. A key capability of the tool is in 
assessing ‘transient response’ service dynamics following the scripted introduction of service perturbations under 
various signalling and train control design options. The prime output from the tool is a real-time animation of train 
movement with indications including train speed, route-setting status, track-circuit occupancy, signal aspects and 
ETCS supervision limits. An example screen shot of the animation for Blackfriars Junction is shown in Figure 4 for 
ETCS Level 2 Overlay and ETCS Level 3. Evident is the significant reduction in track-based equipment facilitated 
by ETCS Level 3. The tool also enables prototyping of Automatic Train Regulation (ATR) algorithms that detect 
service perturbations, predict their future impact on the service and intervene accordingly with corrective controls.  

5.2 Configuration for optimal operation of junction  

In order to assess the junction operation at full capability, the service is modelled at the design capacity of 30 tph. 
With reference to Figure 1, the service is assumed to split at the junction such that 20 tph operate on the LBG 
branch and 10 tph on the EPH branch. For regular 2-minute intervals through the core section there is therefore 
an irregular interval cycle of 2-2-4 minutes on the LBG branch and a regular interval of 6 minutes on the EPH 
branch. Departures times from LBG and EPH towards the core are configured from transit time calculations to 
establish regular 2-minute convergence headways at BFR Junction. The simulation tool is configured with the 
displacement time of the southbound schedule relative to the northbound schedule. Repeated simulations are 
performed to establish the available time window for which there is no route conflict across the flat junction. The 
northbound/southbound displacement time is set at the midpoint of this window, thereby giving an equal margin 
on each side to accommodate small variations.    

Iterative simulations determine the latest possible train location that triggers ARS to request a route forward across 
the junction such that the train narrowly avoids being impeded by a restrictive Movement Authority. The configured 
route-request location is then ‘retracted’ by a time margin to allow for system tolerances such as small variations 
in ATO speed and system delays, possibly including Point movement. For the initial analysis, the route request 
location can be assumed fixed because all Thameslink fitted trains have the same approach speed and same 
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braking capability. However, as discussed in section 2, it could in theory be possible for ETCS-fitted trains to 
determine their own route-request location optimally in relation to their projected speed and configured braking 
capability.  

Figure 4: Blackfriars Junction animation screenshot for ETCS Level 2 overlay and ETCS Level 3 

PERFORMANCE COMPARISON OF ETCS LEVEL 3 AND ETCS LEVEL 2  

6.1 Flat junction capacity for steady-state service condition 

Under ETCS Level 2 Overlay, the flat crossover component of the double junction is shown to support an interval 
of 130 seconds between successive trains in one direction when interleaved by a train in the other direction. This 
is equivalent to 54 total traversals of the crossover per hour and well exceeds the design requirement of 30 total 
traversals of the crossover per hour (10 southbound and 20 northbound) for 30 tph core design capacity. 

There is an improvement of several seconds under ETCS Level 3, but this is solely due to an assumed small 
improvement in delay associated with the RBC extending Movement Authorities. The junction presents a ‘fixed 
block’ infrastructure constraint, so gains in capacity due to ‘moving-block’ train separation cannot be exploited. 

Under ETCS Level 2, a time window of about 100 seconds exists for displacement of the service in one direction 
relative to the other direction. There is a marginal improvement to about 105 seconds under ETCS Level 3 but this 
is again due to the assumed small improvement for system delay time. Route-conflict occurs if the displacement 
exceeds this window. For optimal scheduling, the displacement is pitched at the mid-point of the window, thereby 
giving maximum tolerance for variations in the service between the two directions.  
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6.2 Transient response following service perturbation 

A perturbation scenario is modelled in which the scheduled departure time of a specific train standing at LBG north-
bound platform is delayed by 80 seconds. The simulation is run for a period of real time sufficient for the effect of 
the perturbation to fully subside, if possible, and normal scheduled operation to be restored. Automatic Train 
Regulation (see below) is initially disabled in order to compare the ‘unregulated’ response of ETCS Level 3 against 
that of ETCS Level 2. A convenient measure of the transient response is the deviation from schedule on arrival at 
the platforms in the simulated area.  

Figure 5 compares the transient response of ETCS Level 3 against that of ETCS Level 2 as a graph of the lateness 
of arrival at any platform in the simulated area plotted against real time. ATR is disabled, so the effect of the 
perturbation is governed solely by the characteristics of the signalling and train control system. Southbound arrival 
delays are shown coloured pink while northbound platforms and coloured blue. As shown, under ETCS Level 2, 
the effect of the northbound perturbation quickly couples across to affect the southbound service.  It takes 35 
minutes for operation to return to normal schedule following the initial perturbation. ETCS Level 3, by contrast, 
exhibits far superior recovery performance by affecting fewer train arrivals and restoring scheduled operation after 
about 12 minutes. This improvement is due to the ability of ETCS Level 3, when configured to generate fixed-time 
Train Position Reports, to permit the MA to ‘track’ the rear of the train ahead with ‘moving-block’ variable positional 
resolution. This effectively decouples the function of ‘train detection’ from being based on geographical real or 
virtual block sections for which the clearance time depends on the train speed. Under ETCS Level 2, for example, 
a Class 700 train starting from a platform is estimated to take 18 seconds to clear a 70-metre track circuit and 
thereby permit the MA for the train in rear to be extended. Under ETCS Level 3, the MA can be extended at the 
same rate as the fixed time interval between successive Train Position Reports; for example 5 seconds. To 
optimise RBC message loading, it would be possible for this rate to be configured ‘zonally’ according to headway-
criticality. A lower rate could be permitted over non-critical areas based instead on fixed-distance Train Position 
Reports or virtual geographical ‘fixed blocks’.  

Figure 5: Effect of 80-seconds perturbation on platform arrival times with ATR disabled 

ATR CONFLICT DETECTION AND RESOLUTION 

A speculative ATR capability is modelled that continually monitors train ‘departure events’ at the boundary 
platforms towards the junction. On detecting perturbations, ATR runs an algorithm to predict future route-conflict 
across the flat junction. A key assumption here is deployment of ATO in enabling transit times to be predictable 
with a high degree of confidence. If conflict is predicted, ATR intervenes to delay platform departure by a period 
estimated from projected transit times.  ATR also intervenes to ensure delayed trains converge into the core 
section northbound with regular intervals not less than the core service headway. Furthermore, it maintains 
scheduled train sequence. This is essential because trains in each direction through Thameslink core section have 
a number of different destinations. Unlike metro operation, customers do not necessarily board the next available 
train, and expect arrivals to be in the sequence indicated by platform departure displays.   
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Figure 6 shows the effect of the perturbation when ATR is enabled. On detecting the 80-seconds delay, ATR 
intervenes to delay other northbound trains in order to maintain core headway. Cross-coupling of delay is 
eliminated at the expense of some delay to southbound trains lasting 35 minutes after the initial perturbation. 
Under ETCS Level 3, ATR intervenes in the same way to eliminate cross-coupling but achieves full restoration of 
the schedule in about one third of the time.    

Figure 6: Effect of 80-seconds perturbation on platform arrival times with ATR enabled 

CONCLUSION 

The paper demonstrates that ETCS Level 3 provides only a marginal gain in headway across junctions when 
compared to that achievable with ETCS Level 2. This is expected because junction areas present ‘fixed-block’ type 
constraints that prevent full exploitation of moving-block train control. A real strength of ETCS Level 3 is shown to 
be its ability to give far more rapid recovery of scheduled operation following service perturbations that cause route-
conflict across a flat junction. Based on the example of Thameslink Blackfriars Junction when ‘stressed’ at the 
design capacity of 30 tph, it is shown that a delay perturbation of 80 seconds incurs a service recovery time of 35 
minutes under ETCS Level 2. This reduces to 12 minutes under ETCS Level 3 when configured for ‘moving-block’ 
Train Position Reports of 5 seconds. Blackfriars Junction will normally operate at a lower service Level of 24 tph, 
thereby providing greater headway margin to absorb typical service perturbations.  

Deployment of Automatic Train Regulation (ATR) is viewed as pivotal in resolving route-conflict across high-
capacity junctions such as Thameslink Blackfriars. The modelling demonstrates the operation of a rule-based ATR 
algorithm that holds trains in platforms until predicting conflict-free paths ahead. This is shown to eliminate cross-
coupling of delay between service directions and, particularly for ETCS Level 2, greatly reduce the total net service 
delay. The effectiveness of ATR in de-conflicting high-capacity junctions is greatly enhanced by deployment of 
ATO in providing consistent driving performance and thereby improving the accuracy of predicted transit time to 
reach critical junction control boundaries.  
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