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NEWS view 241
Maintaining safety

In this month’s IRSE NEWS David 
Fenner reports on a paper published by 
Andrew Evans, Imperial College London, 
covering the statistical analysis of fatal 
rail accidents in Great Britain (GB) and 
major European networks. The welcome 
conclusion is that, in general, the rate 
of railway accidents per billion train 
kilometres is falling at around 5% per 
annum. 

Railway systems are as safe as they have 
ever been with rail the safest form of 
transport per passenger-journey. However, 
we must not get complacent, as low 
risk is not the same as no risk. In GB the 
Rail Accident Investigation Branch has 
published its interim report into a collision 
near London Waterloo station on 15 
August 2017. A train leaving the station 
collided with a stationary engineering 
train. The collision occurred because a set 
of points was not in the correct position 
due to a temporary modification to the 
points control system. 

The ongoing investigation is considering 
the design and processes for identifying 
errors and the reasons why these were 
ineffective, and the extent of testing which 
could/should have identified the unsafe 
modification, along with why the points 
were not clamped. 

In Singapore on 15 November 2017 
a train collided with a stationary train 
near the Joo Koon station. Preliminary 
investigations suggest that there were 
problems related to the CBTC system 
and its operation with the legacy control 
system in failure mode. 

On 18 December, 2017, near DuPont, 
Washington, in the USA a train derailed 
on the inaugural run of a new passenger 
rail route. Preliminary data from the 
data recorder showed that the train was 
traveling at nearly 50 mph (80 km/h) 
over the speed limit when the incident 
happened. 

In all these cases lessons will be 
learned and systems and processes 
will be improved. As ever, IRSE 
members play a key role in reducing 
safety risk and in this month’s IRSE 
NEWS Alexei Iliasov, Dominic Taylor 
and Alexander Romanovsky look at 
the automated testing of SSI, and 
Maurizio Palumbo describes new methods 
for ERTMS testing and maintenance. 

One area that Andrew Evans identifies 
as not showing a decline in incidents 
is with level crossings. Wim Coenraad 
and Maarten Bartholomeus discuss how 
protecting crossings using ETCS level 2 
can be implemented and which will deliver 
additional safety benefits. In next month’s 
IRSE NEWS Rod Muttram continues 
the safety improvement theme and will 
describe how the number of accidents 
involving human factors can be reduced,

As ever we hope you find this edition of 
interest and welcome your feedback.

Paul Darlington and the editorial team
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Our cover shows part of the Gali Batu 
Depot at the northern end of the 
Downtown Line in Singapore, which IRSE 
members visited during the ASPECT 
Conference in November 2017. 

Cover story
The line is run by SBS Transit, and uses 
Siemens Trainguard CBTC technology 
operating in driverless unattended mode.

Our report on the ASPECT conference 
will follow in a future issue of IRSE NEWS.

Photo Francis How.
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IMPLICATIONS OF BREXIT

UK secession from the European Union
Andrew Simmons
Network Rail, UK

On 23 June 2016 the United Kingdom of Great Britain and 
Northern Ireland held a referendum to determine if the electorate 
wanted to remain within the European Union. Out of a turnout of 
72.2%, a 51.9% majority voted to leave the EU.

The process of seceding from the EU has been christened 
“Brexit” (for “British Exit”). To commence Brexit, the UK 
Government invoked Article 50 of the Treaty on the European 
Union on 29 March 2017. The main elements of Article 50 are 
summarised as follows.

“A Member State which decides to withdraw shall notify the 
European Council of its intentions. In the light of the guidelines 
provided by the European Council, the Union shall negotiate 
and conclude agreement with that State, setting out the 
arrangements for its withdrawal, taking account of the framework 
for its future relationship with the Union …

“It shall be concluded on behalf of the Union by the Council, 
acting by a qualified majority, after obtaining the consent of the 
European Parliament.

“The Treaties shall cease to apply to the State in question from 
the date of entry into force of the withdrawal agreement or, 
failing that, two years after the notification to withdraw, unless 
the European Council, in agreement with the Member State 
concerned, unanimously decides to extend this period.”

Unless the UK Government decides to revoke the notice to 
leave, or there is a unanimous agreement by the European 
Council and the UK Government to extend the leaving date, the 
UK is set to leave the EU on 29 March 2019.

From a UK perspective, it is essential that there is an orderly 
withdrawal from the EU, and that agreements are in place as 
to the future relationship. From an EU perspective, there is 
now agreement to commence negotiations on future trade 
agreements on the basis that sufficient progress have been made 
on a number of key withdrawal issues.

For the UK to secede from the European Union, the UK 
Government is preparing the European Union (Withdrawal) Bill. 
This is likely to be one of the most complex activities carried out 
by the UK Government. There are three main objectives of the 
Bill:

• Repeal the European Communities Act 1972 on the day the 
UK leaves the EU.

• Incorporate directly-applicable EU law into domestic UK law.
• Create powers to make secondary legislation under statutory 

instrument procedures to correct ‘legal inoperabilities’ in both 
transposed directives and the newly incorporated law.

A Government White Paper on this Bill highlights that there 
are believed to be 12,000 EU regulations (one type of EU law) 
in force, while the UK Parliament has passed 7,900 statutory 
instruments implementing EU legislation and 186 acts which 
incorporate a degree of EU influence, all of which will need to 

be incorporated into a coherent body of domestic UK law. This is 
further complicated by EU legislation referring to EU institutions 
that may no longer have jurisdiction over UK domestic activities 
(depending upon the type of ongoing relationship that the 
UK will have with the EU after withdrawal) and hence the need 
for secondary legislation to provide alternative domestic UK 
institutions.

Whilst the UK recognises that there will be a cost associated 
with withdrawal from the EU, it must also be recognised 
that the UK is the second largest net contributor to the EU. 
Hence there may be long-term implications for EU supported 
programmes such as the Connecting European Facility (CEF), 
potentially reducing available funding to support future ERTMS 
activities within the EU. This could also impact the funding of EU 
institutions such as the European Agency for Railways. Within the 
UK it is likely that Government funding will be constrained by the 
need to fund compensation to the EU (colloquially known as the 
“divorce bill”).

It is against the formal procedures highlighted above and the 
uncertainty of the eventual ongoing relationship between the UK 
and EU that the railway sector (along with all other sectors) within 
the UK and EU are considering the implications of Brexit.

Implications for transport
Transport will be an important consideration for the UK 
Government in the future relationship between the UK and EU 
as it is critical for ongoing trade. In addition to transport links 
to/from mainland Europe, it is essential that European law is 
incorporated into domestic UK law and that, where appropriate, 
arrangements are made with EU institutions or that the UK has 
arrangements in place to replace these institutions.

Within the EU, the European Union Agency for Railways 
(referred to as the Agency) is the institution that is directly related 
to command, control and signalling (CCS) systems. The mission 
of the Agency is: “Making the railway system work better for 
society.”

To achieve this, the Agency contributes, on technical matters, to 
the implementation of the European Union legislation aiming at 
improving the competitive position of the railway sector by:

• Enhancing the level of interoperability of rail systems.
• Developing a common approach to safety on the European 

railway system.
• Contributing to creating a Single European Railway Area 

without frontiers guaranteeing a high level of safety.
• Being the System Authority for ERTMS.

In addition, the Agency will become in 2019 the European 
authority to:

• Issue single EU-wide safety certificates to railway 
undertakings.

• Issue vehicle authorisations for operation in more than one 
country.

• Grant pre-approval for ERTMS infrastructure.
So clearly the relationship between UK railway organisations and 
the Agency is of critical importance, not only for activities related 
to cross border traffic but also for domestic operations.

This was the fourth paper in the presidential programme 
2017-18. It was presented as part of the IRSE event held in 
Utrecht, The Netherlands, on 25 January 2018.
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Like most sectors within the UK, the rail sector is considering 
the implications of Brexit. For CCS this has focused on the future 
relationship with the Agency.

Ultimately this relationship will be defined within the overall 
relationship between the UK and EU, but planning must consider 
the situation where the Agency is no longer involved in domestic 
UK law.

In determining the implications for the railways in Great Britain 
(specifically, excluding Northern Ireland), the initial task has been 
to identify the activities that are carried out by the Agency and 
then to determine the implications and potential mitigations 
that would be required were the Agency to cease to have any 
jurisdiction in UK domestic law.

The following areas have been considered with respect to the 
Agency’s core activities: safety, interoperability, ERTMS, economic 
evaluation and cross acceptance.

In considering these activities, the implications associated 
with the first three have been the main focus, recognising that 
economic evaluation generally applies to the Agency itself and 
that cross acceptance will be influenced significantly by the 
outcomes associated with safety and interoperability.

While evaluation of the impact is still ongoing at the time this 
paper is being written, it is expected that a set of potential 
proposals will be available in early 2018 to assist the UK 
Government in determining the needs of primary legislation 
through the drafting of the European Union (Withdrawal) Bill and 
the secondary legislation where EU law refers to the Agency.

To further complicate the Brexit process, the Fourth Railway 
Package Technical Pillar came into force on 15 June 2016, 
with an implementation date of June 2019. This requires the 
Agency to act as a ‘one stop shop’ for safety certification of 
railway undertakings and for authorisation of locomotives and 
rolling stock for cross border operation in the EU. Even for a 
domestic vehicle only working in a member state, operators and 
manufacturers could choose between the Agency or the national 
safety authority. In addition, the Agency will be able to assess 
infrastructure schemes to ensure that the outputs support ERTMS 
interoperability. Accordingly there is a possibility that, should any 
transitional period be negotiated, the requirements of the Fourth 
Railway Package may need to be transposed into UK law for a 
limited period.

When considering the impact of the Agency’s no longer having 
jurisdiction within the UK (if this is the eventual situation), it is 
worth noting that its predecessor the European Rail Agency was 
only established in 2004 as part of the Second Railway Package 
of EU Directives and Regulations. The Second Railway Package 
was transposed into UK law by the introduction of the Railway 
and Other Guided Transport Systems (Safety) Regulations 2006 
(ROGS). Between the privatisation of the UK railways in 1994 
and the introduction of ROGS in 2006, the UK railways operated 
under the Railway and Other Transport Systems (Approval of 
Works, Plant and Equipment) Regulations 1994. That is, a form 
of domestic legislation previously existed which could form the 
basis of any post-Brexit arrangement.

Standards framework
Technical Standards for Interoperability
Within the concept of the EU developing a Single European 
Railway Area, the Agency in conjunction with experts from 
suppliers and railway organisations have developed Technical 
Specifications for Interoperability (TSIs). They define the 
technical and operational standards which must be met in 
order to satisfy the ‘essential requirements’ and to ensure the 

‘interoperability’ of the European railway system. TSIs also set 
out expected performance levels in order to achieve the essential 
requirements.

The essential requirements can be summarised as safety, 
reliability and availability, health, environmental protection, 
technical compatibility and accessibility.

The formal definition of interoperability is “the ability of the rail 
system to allow the safe and uninterrupted movement of trains 
which accomplish the required levels of performance.”

It is considered that immediately following Brexit the railways 
in the UK must still comply with the TSIs, although over time, 
depending on the post-Brexit arrangements, it may be possible 
to deviate from them where there are whole- life, whole-industry 
benefits to UK railways in so doing.

European standards
European standards (ENs) are Europe-wide standards that help in 
developing the single European market for goods and services in 
all sectors. The intention is to facilitate trade between countries, 
create new markets, and cut compliance costs. ENs are produced 
by the following European standards organisations:

• The European Committee for Standardisation (CEN).
• The European Committee for Electro-technical 

Standardisation (CENELEC).
• The European Telecommunications Standards Institute (ETSI).

Compliance with ENs can be:

• Voluntary – where industry chooses to use the EN when it is 
useful to do so.

• Harmonised – where the EN is harmonised with a European 
Directive or a TSI, compliance with the EN gives a 
presumption of conformity with the Directive or the TSI.

• Mandatory – where the EN is referenced in the text of 
a document which must be complied with in specified 
circumstances, such as a TSI or a Railway Group Standard 
(RGS), compliance with the EN becomes mandatory.

It is expected that following Brexit the British Standards Institute 
(BSI) will remain a full member of CEN and CENELEC, enabling 
UK experts to continue to influence the content of standards. 
This is on the basis that CEN and CENELEC are not agencies of 
the EU and that their current membership is broader than the EU.

Support arrangements for European Union and 
European Standards
The most likely scenario is that Britain will not be represented on 
any of the European Union or Agency (ERA) meetings, but that 
Britain will still support organisations such as the Community of 
European Railways (CER), European Infrastructure Managers (EIM) 
and ERTMS Users Group (EUG).

In addition the railway sector in Britain will still be supported 
by global supply companies included in the Association of 
the European Rail Industry (UNIFE) and the ERTMS supplier 
association UNISIG.

Systems authority
Notwithstanding issues with Brexit, it has become apparent 
that the roll-out of CCS Systems as part of the Digital Railway 
programme in Britain will require coordination with respect 
to interoperability, to minimise integration risks due to 
incompatibility between infrastructure and onboard systems.

Recognising that the Agency is defined as the ERTMS System 
Authority in the EU, there is no conflict between the Digital 
Railway Systems Authority in Britain, which is based on ensuring 
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that applications projects (either infrastructure or rolling stock) 
will be compatible within the flexibility allowed by the EU legal 
framework.

In considering the functions of the Digital Railway Systems 
Authority in Britain, the following activities have been identified 
and are currently being developed for implementation during 
2018.

• Guiding Mind – setting the future systems direction required 
to address UK-specific business challenges.

• Configuration Management – with provision for different 
versions within the CCS Technical Specification for 
Interoperability (TSI).

• System Issues/Risks – Providing applications projects and 
users with advice and support, including applications 
for derogations against application rules, processes and 
procedures in Britain.

• Generic System Requirements – Providing overall 
coordination of system requirements and interfaces 
associated with applications and system architecture in 
Britain.

• System Assurance – Providing a framework to give Duty 
Holders confidence that the Digital Railway systems will be 
able to deliver the expected business benefits including 
safety and security.

In order to fulfil these functions, it is imperative that the System 
Authority has a clear mandate, and a clear baseline against which 
to consider proposals and challenges. This is currently considered 
to be ‘whole system – whole life cost’.

When considering the role of the Digital Railway Systems 
Authority, it is recognised that ultimate accountability for train 
service operation lies with the duty holders (infrastructure 
managers and railway undertakings) and hence that the systems 
authority must operate within this legal framework. The systems 
authority is currently being defined within the existing legal 
framework and is expected to commence shadow operation 
during 2018.

Future developments and retaining influence in a 
European market
Depending on the final political arrangements, the UK’s direct 
influence on the development of TSIs may be reduced. However 
the UK may not need to adhere strictly to them.

Much of the EU political support for ERTMS has been driven 
by the desire for free movement within the EU, as demonstrated 
by the ERTMS Deployment Plans being centred on rail freight 
corridors.

Besides this EU political ambition, the UK faces the same 
business challenges as other member states, such as:

• Capacity constraints on key routes.
• Asset sustainability.
• Competition from other transport modes.

o Roads - car sharing, autonomous vehicles and ‘road 
trains’.

o Air – budget airlines.
o Hyperloop?

Passenger numbers in the UK have doubled since 1996 and 
are set to double again over the next 25 years, but the current 
railway with current CCS technology is already at full capacity 
in places. However, with the increasing costs associated with 
the current signalling system due to the increased complexity 
challenges associated with designing and implementing high 

capacity capability on high demand corridors, the industry needs 
to rapidly consider alternative technologies and processes if it is 
to remain competitive in face of competition from other transport 
modes.

Whilst it is possible to consider opportunities with solutions 
such as CBTC, it is still considered that ERTMS provides the 
most appropriate whole-life solution for the main line network in 
Britain, including the capability of a multi-vendor supply market. 
However, as with railways in many other EU member states, it is 
recognised that further development work is required around the 
kernel of a stable ETCS standard. Examples are support for the 
development of Automatic Train Operation, ERTMS over GPRS, 
and (in conjunction with Prorail) Hybrid Level 3. In addition, 
Network Rail is a member of the Shift2Rail consortium aimed at 
transforming the rail system, including CCS systems.

By leading and/or supporting developments along with other 
railway administrations and/or other organisations such as 
Shift2Rail, it is believed that the UK can support the development 
of European Railways whilst still maintaining an appropriate 
influence on resulting standards so that they benefit the railways 
of Britain by providing a competitive supply market.

Within the UK, there are exciting opportunities centred around 
the UK Rail Research Innovation Network (UKRRIN). This is being 
established to bring together existing facilities and to create 
new centres of excellence in digital rail systems, rolling stock 
and infrastructure. It is being driven by a powerful collaboration 
between industry and academia. The new centres will fill 
capability gaps in the UK where investment will provide a step 
change in realising innovation and accelerating new product 
development in the rail industry.

Conclusions
For as long as it remains unclear what the future relationship 
will be between the UK and the EU, there remain risks and 
opportunities for the UK rail industry. Whilst Brexit may be a 
significant disruptor for the UK and also the EU, it is unlikely to 
be the stimulus for the transformation of CCS systems necessary 
if the railways in Britain are to address the business challenges 
associated with capacity and system sustainability. Such 
transformation is likely to be system-driven, with a stable ERTMS 
system at its kernel. Given that solutions to the challenges faced 
by the railways in Britain are likely to address many of those 
faced by railways in other EU member states, it is considered that 
working in conjunction with other EU railway administrations and 
other sector organisations will be of benefit to all.

about the author ...
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[RGI] UK: Network Rail announced on 19 December 2017 that it 
had awarded Siemens Rail Automation a contract to design, test 
and obtain approval for installing Trainguard 200 onboard ETCS 
equipment on freight traction. This would be the initial phase 
of what Network Rail describes as ‘one of the world’s biggest 
ETCS retrofit programmes’, which would see the 750 locomotives 
operated by the UK’s six major freight operators equipped from 
2022.

With the retrofit programme running into regulatory Control 
Period 7 (2024-29), the contract could be worth up to £150m 
(€170m, $203m), says Network Rail. The initial stage is being 
funded by the Department for Transport’s National Productivity 
Investment Fund.

The freight fleet is to be equipped with ETCS Level 2 
Baseline 3. Network Rail says that Trainguard 200 is a proven and 
reliable product drawing low power, which also features ‘highly 
robust fall-back odometry and radar configuration’. With a small 
footprint and flexible hardware, ‘the system is ideally suited for 
design and installation across multiple freight classes’, according 
to Network Rail.

Installation teams will be based at Holgate depot in York and 
at Eastleigh. Siemens and Network Rail will also be providing 
support to DB Cargo UK, Freightliner, Freightliner Heavy Haul, 
GB Railfreight, Direct Rail Services and Colas Rail to train 2 400 
drivers on the new ETCS equipment, which will incorporate 
functionality for the existing AWS and TPWS train protection 
systems.

Network Rail awards ETCS freight fitment 
contract

In order to bring IRSE NEWS readers the latest global 
signalling, telecomms and train control information, we have 
teamed up with the Railway Gazette International  
(www.railwaygazette.com) to supply brief summaries of 
major news in our industry. We will of course also publish items 
of news from other sources when we receive them.

Thameslink programme completion deferred  
by a year

[RGI] UK: The Department for Transport has agreed to a proposal 
from Network Rail and train operator Govia Thameslink Railway 
which would see introduction of the full 24 trains/h timetable on 
the Thameslink route through central London deferred by a year 
to December 2019.

The work is intended to significantly increase the number and 
scope of suburban services running through central London via 
the cross-city line between Farringdon and Blackfriars.

In order to accommodate a service pattern of up to 24 trains/h, 
NR is equipping the core section through central London with 
ETCS Level 2 and intends to introduce attended ATO.

In a statement issued on November 23, the National Audit 
Office noted that the wider suburban network across southeast 
England ‘cannot yet reliably support’ the additional services 
envisaged under the Thameslink Programme. NAO endorsed 
the decision to gradually build up to the final service pattern as 
‘a sensible step to protect value for money and passengers from 
further possible disruption due to large numbers of new services 
being launched at the same time’.

GSM-R has been installed been installed and commissioned 
in the Heathrow Tunnels which will replace the last operational 
Cab Secure Radio system in Great Britain, still in use between 
Paddington and Heathrow. Cab Secure Radio was in use for over 
30 years and the fact that it has lasted so long is a tribute to 
those who specified, designed and supplied the equipment.

The Heathrow GSM-R installation has been designed from 
the outset to meet the capacity, coverage and availability 
requirements required for both ETCS and conventional voice 
operation. GSM-R propagation in the Heathrow tunnels is 
predominantly by new radiating cable (otherwise known as 
“leaky feeder”) but with antennas used at the tunnel portal and 
in the stations. GSM-R coverage has also been provided in the 
emergency access shafts to the tunnels, so that communication 
is available to rail staff in the event of an emergency train 
evacuation in the tunnels. The Class 345s are equipped with a 
portable GSM-R handset in each cab for this purpose.

As GSM-R is essential for ETCS operation, the Heathrow Tunnels 
installation has been designed to offer a high level of availability, 
with duplication of GSM-R base stations, fibre-fed repeaters used 
to ‘boost’ the signal along the tunnels and the optical master 
units which connect between the base stations and repeaters. 
This is so GSM-R will continue to operate even if there is failure of 
an item of active equipment. The system has now received formal 
authorisation from ORR to be placed into service.

GSM-R is also being upgraded between Paddington and Airport 
Junction, with the replacement of six existing base stations 
to provide enhanced capacity and reliability for ETCS. This 
includes and the addition of a new base station to the East of 
Ealing Broadway to provide an improved level of radio coverage 
required for ETCS. Whilst the ETCS Level 2 operation will initially 
use circuit-switched data connectivity, the upgraded GSM-R 
trackside system will enable an easy migration to packet-switched 
data ETCS in the future.

GSM-R finally replaces Cab Secure Radio in the UK
Tom Chaffin

Principal Telecommunications Programme Engineer, Network Rail

Progress Rail acquires Italian signalling 
company ECM

[RGI] ITALY: Progress Rail completed the acquisition of Pistoia-
based signalling and control system supplier ECM SpA on 
2  January. 

Progress Rail said ECM had invested in developing of leading 
edge technologies including computer based interlocking and 
automatic train protection systems, making it ‘an attractive 
complement’ to the US group’s signalling portfolio. ECM also 
manufactures products including power supplies, LED signals, 
axle counters, remote control and diagnostic equipment and 
worksite protection systems. 

‘Broadening our signal portfolio will enable Progress Rail to 
better serve our customers’, said Billy Ainsworth, President and 
CEO of Progress Rail.

http://www.railwaygazette.com
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Docklands Light Railway radio system
Kamal Chohan
Docklands Light Railway, UK

Docklands Light Railway (DLR) operates in the East of London, 
running westward to Bank and Tower Gateway, southwards to 
Lewisham, in the north to Stratford and Stratford International. In 
the east of London DLR runs to Beckton, London City Airport and 
Woolwich Arsenal.

Celebrating its 30th birthday in the summer fo 2017, the DLR 
was regarded as a novelty when it was first opened by Her 
Majesty The Queen in the summer of 1987, the driverless light 
railway offered front seat views of the changing landscape in East 
London as the area began its renewal.

With the continuing regeneration of the Docklands area, so 
the DLR has grown from one-car trains with 15 stations, 13 km 
of track and carrying 9 million customers annually, to a three-
car operation covering 45 stations over 91.7 km of track spread 
across six branches. The passenger demand on the DLR has 
seen year on year increase and currently carries in excess of 122 
million passengers (2016/17) per annum, making it the sixth 
busiest railway in the UK and ridership is expected to continually 
increase. As a result, in 2017 Transport for London agreed to 
the replacement of 33 life expired trains and procurement of an 
additional ten trains so as to modernise and expand the fleet. 

Along with the 45 stations, the DLR has two control centres, 
two depots and various operational equipment rooms and 
substations.

Radio system evolution (1987 – 2005)
From its simplistic design in 1987 through to 2005 the radio 
system remained essentially the same. In 2004 a much needed 
project was titled ‘Radio Optimisation’, and via competitive 
tendering, a contract was awarded in 2005. The rationale was 
to overcome the system limitations by eliminating radio signal 
overlap, synchronisation problems, improving signal coverage 
and intelligibility. The flexible architecture would make it easier to 
extend coverage whenever required, simply by adding new infills 
at any point using the DLR transmission network and fibre optic 
cable. Improved system monitoring to ensure high reliability 
and automatic switching to a backup base station became a 
requirement. Intuitive yet comprehensive programming software 
with a user friendly Graphical User Interface (GUI) would allow 
the operators to manage and program many critical parameters, 
including monitoring of alarms, configuration management and 
power management facilities to provide complete control and 
status reporting. 

Improved staff safety measures included handsets featuring 
‘man down’ detection – if the wearer is lying down and not 
moving – that automatically generated an alarm in the control 
room, with the operator then attempting to speak directly to the 
wearer or provide a fast response to any incident.

Radio system today
The radio system plays a critical role on the DLR. Despite digital 
alternatives, it remains a Private Mobile Radio (PMR) analogue 
system operating in the UHF Band 2 (450 MHz – 470 MHz) and 
facilitates communication with the control centre, Passenger 
Service Agents (PSA or train captains), station staff, maintenance 
staff, cleaners, security and other operational personnel. The 
system is important for the safe operation of the railway and 
carries safety critical communications between the control centre 
staff and the PSA on the train. The radio coverage is over the 
entire railway including viaducts, cuttings, tunnels, sidings and 
depots.

Existing ground-based system
The architecture of the system centres around an On Frequency 
Repeater (OFR), located in the Poplar Archive Room (PAR) where 
space was available, which receives and re-transmits on air 
signals from the duty base station – either Poplar (which has main 
and standby transceivers) or Balfron Tower that acts as a back-
up. The OFR also re-transmits signals received from in-fill base 
stations used to give coverage in tunnels and other known poor 
coverage areas.

Balfron Tower is a 26-storey building (near to Langdon Park DLR 
station) which provided DLR with a measure of extra resilience. It 
was originally the main base station but being off-site was prone 
to break-ins mainly due to pirate radio users. 

As part of the radio system resilience plan, Balfron Tower 
transmitter was removed and transferred to Poplar Depot as the 
standby base station. However, the site was retained as a ‘cold 
standby’ should the main site at Poplar have problems. 

Hand-held radios are also used in a digital mode for back-to-
back communication for local station management without any 
connection to the main radio system infrastructure. Coverage 
is limited, the precise distance depending on the nature of the 
environment through which the radio signal must travel.

There are approximately 25 repeater stations distributed 
around the railway (the ‘distributed antenna system’ or ‘DAS’) 

DLR routes Improvement works to track and stations may affect your journey. 
Check publicity in stations, visit tfl.gov.uk or follow @TfLTravelAlerts

The first and last two sets of doors on three-carriage trains will not open at these stations.
Please use the centre of the train 
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to provide RF coverage in areas where the signal from the main 
base station is insufficient. Distributed radio frequency amplifiers 
(known as Slave Optical Units (SOU)) receive analogue RF signals 
from the central OFR equipment at Poplar using an RF-over-
fibre wavelength division multiplexing (WDM) signal distribution 
system, known as the Master Optic Unit (MOU). The remote 
SOUs use antennas and/or radiating cables (leaky feeder) as 
appropriate to re-transmit the RF signals to the required areas.

There are two control centres; one at Poplar and one at Beckton 
(the latter being provided as a back-up in time for the London 
2012 Olympics), only one of which is operational at any time. 
The other acts as a standby in case of disaster or control centre 
evacuation. Both control centres provide the same operational 
functionality for the radio system.

The radio system control equipment is identical at each control 
centre consisting of operator workstations and control equipment 
in the communication equipment room.

The operational system (UHF Band 2, 12.5 kHz channels) has 
five main radio channels controlled from either the Beckton 
Control Centre (BCC) or Poplar Control Centre (PCC).

Three of the radio channels give coverage over the complete 
railway network; channels 1 (Operations), 2 (Maintenance) and 3 
(Incident). Two radio channels provide local coverage for Poplar 
Depot (POD) and Beckton Depot (BED).

The back to back channels are used at various locations for 
instance when carrying out crowd control duties, second line 
response and for shunting (the digital back-to-back channels are 
UHF2, 6.25 kHz channels created from 12.5 kHz duplex pairs).

Apart from the local system at BED, the other channels are 
broadcast from the Poplar radio hut antenna, with back-up base 
stations for channels 1, 2 and 3 located in an adjacent shed 
known as BN. All base stations, including the back-up ones, are 
controlled from one of the control centres using either direct four 
wire copper circuits from PCC or via the transmission network 
from BCC. The two control centres are combined using passive 
line combiners located in the PAR equipment room. Only one 
control centre can access the radio base stations at a time, 
controlled by switching relays. However, the active control centre 
can access either the main or the standby base stations on an 
individual channel.

The radio system incorporates fault monitoring with alarms 
reported back to the control centre. All master optical units and 
slave optical units are monitored, plus battery, uninterruptible 
power supply (UPS) and temperature alarm status. 

Existing train-based radio
Duplex (bi-directional communication) radio units are fixed 
installations on the B2007 train stock for use by the PSA in 
communicating with the control centre; these have the same 
facilities as the portable handsets. The train radios also have 
the facility to connect with the on-train public address system 
to allow the control centre to make announcements, but this is 
currently not used. 

In practice, the PSAs tend to use their hand-held radios for 
operational communication with the control centre. They also 
have mobile phones as a back-up, but these do not work in 
tunnels. All DLR tunnels are fitted with telephones at regular 
intervals, should the train radio system fail.

Ofcom spectrum realignment
As a member of the Ofcom Business Radio Interest Group, DLR 
were advised that a strategic review of the UHF band 1 and 
band 2 (the latter used by DLR) realignment would be taking 
place with the possibility of the band being offered to other 
sectors. Regular meetings with Ofcom indicated that this could 
result in significant unforeseen cost, risk and redesign of the 
DLR radio system. Thankfully Ofcom concluded, ‘that it is not 
necessary or proportionate to reconfigure the band as there is 
insufficient evidence to suggest that the benefit would outweigh 
the costs ‘. That was a significant relief!

What next?
As the DLR has grown over the years the radio system has got 
bigger and bigger, with more and more bolted on, but budget 
constraints meant ‘sweating’ the assets for longer.

The geographic area where the DLR network is situated 
is seeing vast amounts of new commercial and housing 
developments. The concrete jungle of buildings has caused radio 
signal degradation, requiring infills to reinstate the signal level.

London’s Docklands area is seeing a resurgence in development, 
including the London City Island development seen in the artists 
impression below. The increased number of high-rise buildings is causing 
radio signal degradation affecting the DLR, at the bottom of the photo.
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Space in the current radio hut and equipment rooms is nearing 

full capacity, with radio equipment having to be spread across 
multiple rooms in Poplar depot, making tracing faults ever more 
time consuming. With potential future DLR expansions requiring 
new radio infills, a new Relocatable Equipment Building (REB) 
was needed to transfer and house all the radio assets into a 
single premises. 

Taking the above points something had to be done and so 
revised specifications were agreed with various stakeholders and 
via a competitive tender process, works were awarded to kick-
start the much needed improvements.

Radio System Resilience project
A project titled Radio System Resilience is underway with a 
number of objectives to provide overall improvement to the 
DLR radio system. Each objective is described in the following 
sections including how they will be achieved. Two important 
elements are to increase the resilience of the radio system and to 
address a number of equipment obsolescence issues. The system 
is also being prepared for future migration to a digital platform, 
this not being possible at the present time because replacement 
of all existing hand portable radios and train mounted equipment 
would be needed. The actual frequency allocations will not 
change, and in general the system will remain operationally the 
same.

The work via competitive tender was awarded with some 
objectives already completed.

Upgrade work will take place at Beckton and Poplar depots 
(control centres, various communication equipment rooms) 
including the new REB provision, removal of the existing Poplar 
radio hut and changes to the remote slave optical unit sites. 
Staging the work needed agreement between DLR Engineering, 
franchisee, Keolis Amey Docklands, (responsible for operation 
and maintenance of the railway) and the principal contractor. 
A period of parallel running of the existing system and the 
new Voice Over Internet Protocol (VOIP) system is deemed 
necessary under the migration and integration strategy. There 
are considerable risks in a ‘big bang ‘ approach for works of a 
critical nature and thus the radio upgrade will be implemented in 
a controlled manner to minimise operational disruption and risk 
to the safe running of the railway. The operational radio network 
is vital for everyday service.

All connections to equipment in the new REB, including the 
base stations and the PCC and BCC control connections, will be 
via the DLR Cisco provided Metropolitan Area Network replacing 

the legacy transmission network (known as the OTN) and copper 
circuits. VOIP operation will require a new control system to be 
installed and commissioned, which will replace the existing four 
wire tone interfaces.

The description below details the work required at specific 
locations to fulfil the requirements.

The work consisted of seven main objectives to ensure that the 
system remained operational and available for use from both 
Poplar and Becton control centres whenever possible.

Objective 1: New REB and relocation of existing 
equipment distribution within Poplar depot to the new 
REB and associated enhanced system performance.
The new REB is 6.5 m x 5 m and was built in two sections each 
weighing over 6 tonnes, with a crane being deployed to deliver 
them in challenging conditions. This replaces the Poplar radio hut 
with all equipment relocated to the new building and allowing 
the old hut removal. 

The REB will house six populated 42U equipment cabinets, 
with space for additional equipment racks, power distribution 
with a UPS back-up, earthing and bonding, surge protection and 
other ancillary services including lighting, fire alarm and climate 
control (cooling, heating and ventilation) as part of the electrical 
mechanical fit out. New optical distribution frames and a cable 
management system above the racks will be installed. Equipment 
cabinets will be prewired by the principal contractor and tested 
during the factory acceptance testing phase of the works before 
delivery to site.

All connections into the new REB are via fibre optic cable 
with cable entries being fire stopped and compliant with 
electromagnetic compatibility requirements.

Remove Master Optical Unit – On Frequency Repeater single 
point of failure.

The radio system resilience and associated distribution of the 
signals across the DLR Network needs improving. The objective 
is to remove the Master Optical Unit - On Frequency Repeater 
(MOU-OFR) single point of failure and improve the resilience of 
the distributed antenna system. 

There are a number of key points to address in this objective as 
follows.

Relocation of existing base stations

The existing radio base stations will be relocated from the current 
Poplar radio hut into the new REB. This will be a time consuming 
process with access only available in engineering hours. The base 
stations will be removed on a per channel basis and reinstalled 

Bringing new 
equipment into 
a cramped urban 
environment has 
brought many 
challenges as shown 
in these photos of the 
installation of the new 
REB at Poplar.
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into new cabinets ready wired and tested prior to delivery to site. 
This minimises any potential disruption to the operational radio 
system. While standby base station equipment is available within 
the BN shed at Poplar, the system would still be vulnerable to an 
outage as the standby units are not duplicated.

To facilitate this relocation, a new antenna will be provided 
on the existing tower at Poplar which will be a 6dB gain omni-
directional collinear array, physically identical to the existing one. 
Connection to the new base station rack will be by a new 12 mm 
low loss feeder cable. 

A new four-port TX combiner will enable up to four base 
stations to share the same antenna system. Those for channels 
1, 2 and 3 will be connected to the combining system whilst 
the base station for the Poplar depot channel will use a simple 
duplexer connecting to the existing local antenna. 

With only one base station being moved at a time, all others will 
remain operational with the signal strength to the OFR remaining 
unchanged. As base stations are moved they will have a direct 
connection to the MOU via a passive RF splitter combiner system. 
The RF feeds to the MOU will remain until all base stations are 
relocated to the new REB. The transfer of connections from 
Poplar Archive Room to the remote Slave Optical Units locations 
can then begin whence the Distributed Antennae System can 
take signals either off air via the OFR or direct from the hardwired 
connection from the base station combiner splitters.

Direct cable feed to MOU 
Once the main channel (channel 1, 2 and 3) radio base stations 
are connected directly to the MOU, the On Frequency Repeater 
is no longer needed. Managing the migration of the Slave 
Optical Units connection from the PAR to the REB will require 
personnel at both the new REB and at the remote SOU locations 
to test the connections and confirm they are operational. 
Only then can the OFR within the Poplar Archive Room be 
decommissioned and removed. 

Interleaving of feeds to the remote SOU from the MOU 
Improvement of system resilience will ensure no two adjacent 
and overlapping coverage areas from the remote SOU are fed 
from the same MOU shelf, thus protecting against shelf failure. 
Current risk areas are the Stratford and Woolwich extensions 
which have their respective SOU’s along the sections fed by a 
single shelf, which if failed results in total radio loss of the whole 
route. The Lewisham extension (Mudchute to Lewisham inclusive) 
is also fed from a single shelf but is a separate business entity, the 
requirements for which are that radio propagation must only be 
from sites south of the river. 

The other infill sites provided under the radio optimisation 
project (circa 2005) are evenly distributed across the MOU, 
leaving only the interleaving of the Stratford and Woolwich sites. 
This stage will be accomplished after all sites have been removed 
from the PAR, by redeployment of currently unused MOU 
equipment in the MOU-OFR cabinet at Poplar. 

Dual path fibre feed between REB and PAR 
Two fibre cables will be provided from Poplar Archive Room 
to the new REB. Only one set of fibres will be used for the 
operational system, the second set being available in the event 
of fibre failure in the first cable. This will require a manual change 
over between the patch panels on the optical distribution frame. 
Diverse cable routes have been installed to ensure maximum 
resilience. 

Two new Cisco 2960X switches will be installed in the new REB 
connected to the DLR Cisco network via the diversely routed 
fibre cables.

Provision of new radio infill at Poplar
With new building developments taking place directly opposite 
the main radio mast at Poplar Depot, a separate investigation is 
assessing the likely impact on the radio signal strength. Multiple 
surveys are taking place whilst recognising that this is an inexact 
science.

The results will be used to determine whether the buidling 
works will have any impact on the radio system coverage and any 
associated need to reinstate the signal level.

Each developer is instructed to use the DLR radio maintainer 
who, being familiar with the system capabilities and limitations 
can provide the most cost effective solution which the developer 
ultimately will have to pay for. 

Objective 2 Decommissioning of Balfron Tower
The redundant Balfron Tower base station was temporarily 
installed in the BN Shed in Poplar Depot before transfer to the 
new REB. 

The resultant standby radio equipment will be moved from the 
BN Shed, installed in the new REB and connected to the new 
VOIP control system. The standby radio base stations will appear 
on the operator’s screens as a discreet channel. These will be 
activated by selecting the required channel at the operator’s 
terminal. No additional switching mechanism is required.

Providing radio infil at Poplar. With new building developments visible 
in the foreground, a new REB was added (to the right of the train) to 
replace the previous radio hut, seen between the new REB and the radio 
mast in the photograph.

The Poplar REB in its finished state.
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Objective 3: Simplify audio and control switching 
With an integrated VOIP based control system, the control 
centre changeover switching mechanisms becomes completely 
redundant and will be removed in both PCC and BCC together 
with the switching relays and associated cabling in the associated 
equipment rooms. 

All connections to the BN Shed currently routed via a room 
within the DLR office building, including cabling and Open 
Transport Network (OTN) links will also be removed.

Objective 4: Improve radio system monitoring 
The existing alarms currently on the SCADA (Supervisory 
Control And Data Acquisition) system are sent either to the DLR 
SCADA or the control room technician radio operator’s terminal, 
depending on the origin of the alarm. This can cause confusion. 
Alarms plus some new ones will be migrated to the new radio 
control system using SNMP (Simple Network Management 
Protocol) links connected via the Cisco network. 

Two main reasons existed for this, firstly it was proving to be 
expensive to configure new alarms on the SCADA system and 
secondly, using the SNMP link will mean alarms can be sent 
direct to a workstation in the technician’s room with the control 
centre also receiving high level alarm alerts.

A number of additional radio monitoring facilities will be 
provided:
• Upgrade of radio IP network hubs to managed devices. The 

existing hubs (dumb devices) are being replaced by managed 
devices with intelligence built-in (e.g. monitoring), at both 
Beckton and Poplar.

• Voice recording at the base station sites. All calls to and from 
the control centres will be recorded.

• Real time RF monitoring at selected points in the system. 
Six monitor points will be deployed across the railway. A PC 
controlled scanner and its software package will interrogate 
the six remote locations and provide reports on RF signal 
levels back to the master site. Pre-set thresholds are defined 
and any drop in RF level below this threshold will cause an 
alarm output, thus providing an indication of any problem 
with radio system operation and signal distribution across the 
railway. 

• RF monitoring points to aid fault/performance diagnosis. 
Passive RF monitor points at strategic locations will be linked 
to the main radio control system at the new REB to allow 
access to the system without disruption to system operation. 
Technicians will be able to make measurements and inject 
signals without the need to disconnect equipment. 

• Radio system work station access.

SCADA radio system alarms.

The change to a VOIP based control system will allow any work 
station with network access to be connected to the radio system, 
thus permitting technicians to monitor radio traffic from any 
remote terminal. The central RF monitoring control will also 
be located in the technician’s workshop to facilitate improved 
monitoring.

Objective 5: Noise reduction and improvement to 
power supply issues
A UPS within the new REB will reduce electrical noise and 
improve resilience to surges, spikes and brown outs. The use of 
surge protected power distribution units in the equipment racks 
will give additional protection. The new servers in the two control 
centre equipment rooms will be powered from UPS systems at 
these locations.

The new REB will have main and back-up electrical supplies 
from two different feeds with automatic changeover between the 
supplies.

Objective 6: Change the method of operation of the 
Hilton booking on room, including upgrade of the 
operator’s radio terminals at the control centres
A building at Poplar Depot, known as the Hilton, is used for the 
PSA’s to obtain their day’s schedule and collect a handheld radio 
for start of shift. 

To monitor the day’s radio traffic, currently an operator terminal 
is connected to the Poplar control centre communications 
equipment room. The audio circuits for channel 1 are combined 
here to provide a dedicated monitor for the channel. Once 
the VOIP system is active, the arrangement will change as the 
connection will be a VOIP circuit from which all traffic can be 
monitored as necessary. The operator’s terminal in the Hilton 
room will be configured as a listen only device. 

Once complete, the operational equipment in the Hilton 
booking on room and within the Poplar control centre 
communications equipment room will be removed. 

The current operators’ terminals at both control centres are 
screen based with the exception of the control room information 
assistant unit at each location which is a conventional handset 
and base. All PC operator positions have a hand set and base as 
the operator audio unit, where system database changes (such as 
radio set allocation) can be made. Alarms will be shown on the 
PC but in the event that this fails, the conventional handset can 
be used to control the radio system.

All the present operators’ terminals in the control centres will be 
replaced as will the terminal in the Hilton booking-on room.

It is important that any changes to operation are approved 
and a demonstration of the new system in the control centre to 
appropriate personnel (operations, engineering, maintenance 
staff) was undertaken to ensure the new products retained the 
same ease of use and functionalities as the old system. Some of 
the features include; large LCD screen, comprehensive call stack, 
free text notes in call stack, graphical display of radio alarms, call 
history list, and central updates to database.

The new desktop unit, based on a Linux operating system with 
its powerful communications features, can control base stations 
from variety of leading manufacturers using either conventional 
four wire analogue technology or IP control of suitably equipped 
base stations all over the DLR network

Migration and integration strategy document

Within the project scope, the principal contractor has to detail 
the requirements for installing, integrating and migrating the 
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equipment from the present operational system to the new 
arrangements. Implementation, test and inspection plans have 
been produced showing the stages and order of work, with 
appropriate hold points and dependencies at each step. This is 
a key part of the integration planning to avoid outages and loss 
of the operational radio system. The migration and integration 
strategy document is submitted as a key requirement for the 
acceptance of design assurance process.

Objective 7: trial of Digital Mobile Radio (DMR) 
operation across the current radio system 
infrastructure
A DMR radio base station will be loaned by the principal 
contractor to be configured for use on a spare channel 
(channel 4) or a licensed test channel. The current channels use 
a channel spacing of 12.5 kHz that is compatible with the DMR 
standard. A short term trial of a DMR tier 2 or tier 3 system is 
therefore acceptable. The base station will be connected to a 
port on the BN Shed RF combining system. Radio equipment 
will be provided on loan and configured to operate in parallel 
with the current operational channel 3 (incident) base stations. 
This will be accessible for trial use from the Beckton or Poplar 
control centres. DMR hand-held radios will also be loaned by 
the principal contractor for the duration of the trial. These will 
be configured for both the operational analogue DLR channels 
and the trial DMR channel to gain a comparison between the 
two systems. A series of tests will be carried out beforehand to 
determine that the DMR channel will not interfere with or have 
any impact on the operational radio system. This will include 
RF level and sensitivity tests at the remote SOU and radio base 
station locations.

The ensuing report will note any technical and operational 
issues arising from the use of the DMR radios operating 
alongside the operational analogue system. Of particular interest 

will be the performance of the radio from a moving train in the 
distributed antenna environment where the coverage areas will 
be fed from slightly different signals (due to delays in the RF fibre 
path) and within the tunnels at Woolwich and Cutty Sark where 
small differences in propagation times both along the fibre and 
radiating cables are expected. 

The DMR base station and fixed radio will be returned to the 
principal contractor after the trial.

Conclusion
Undertaking a project such as this is a huge challenge but 
something for engineers to thrive on. Gathering as much 
information as possible at the start is vital, especially if few 
records are available. Engaging with maintainers, operators and 
the like to help the specification production and obtain early 
stakeholder support is vital. 

Always use the four step management method: Plan, Do, 
Check and Act and challenge everything in terms of information 
acquired. 

It is important to break down the works into manageable 
building blocks and update these as information is gathered. 
Understanding the key disciplines of Communications, Electrical 
and Mechanical, Civils, Premises and Operations is vital together 
with how these are integrated.

For this project, tenderers were shown around the site followed 
by a question and answer session. Once the contract was let, 
maintaining a good working relationship through the project life 
cycle (stage gates), is a win-win situation for all involved. 

A project of this nature will always cause issues to arise, so 
regular interdisciplinary check and review meetings are crucial. 
Furthermore a value engineering exercise was carried out with 
stakeholders and the principal contractor to identify further 
enhancements which ended up being cost neutral.

The upgrade work carried out on the DLR will allow the railway to 
continue to serve its growing ridership for years to come.
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ACCIDENT TRENDS

Railway accident trends
David Fenner

Each year Andrew Evans, Emeritus Professor at Imperial College 
London produces two documents about fatal railway accident 
trends on the mainline railway. One covers Great Britain (GB) 
and the other examines most of the major European networks 
including the UK. Both documents are similar in style being 
essentially a statistical analysis of fatal rail accidents over 
several decades which then seeks any trends in the rate of 
accidents. These annual analyses update the data based on the 
performance the preceding year.

Both documents separate ‘railway ‘ accidents from accidents 
involving road vehicles, particularly at level crossings. There are 
of course a few exceptions. For example, the accident at Milford 
in 1978 when a train collided with a car on a level crossing is 
classed as a railway accident because the train had passed a 
Signal at Danger (SPAD) and the car had authority to use the 
crossing. However, the accident at Great Heck in 2001 where a 
car left the motorway and obstructed the line causing two trains 
to collide is classed as an accident involving a road vehicle.

For the GB report the original data comes from Railway 
Inspectorate annual reports for older data, whilst more recent 
data has been supplied by The Office of Road and Rail, The 
Rail Accident and Investigation Branch and Railway Safety and 
Standards Board. In the case of the European report the data 
source is primarily the European Union Agency for Railways 
(ERA).

The basic approach
Essentially the papers assume that accidents occur randomly at 
a rate per billion train kilometres and that following an accident 
the number of fatalities is also random but subject to a certain 
probability. Different accident causes, such as SPAD or track 
defect may have different random rates and different fatality 
probabilities. Finally, of course, any probability is likely to be 
changing over time as individual causes are better managed by 

the railway organisations. None of the probabilities are explicitly 
known but given a suitable data set, estimates can be derived.

The papers estimate the fatality risk for different types of 
accident. This is obtained by multiplying the rate per billion train 
kilometres by the derived risk for that type of accident. Over time 
the rate per billion kilometres is expected to change. The fatality 
risk in an accident is less likely to change.

The GB railway accident data
The current paper looks at GB accidents from 1967 to 2016 and 
includes 81 accidents with 321 fatalities. Currently there has 
been no entries added to this list since 2007. The accidents are 
categorised as ATP-preventable or not where a SPAD, excess 
speed or buffer collision is classed as ATP preventable. A SPAD 
accident is further sub-divided into conflicting movement or plain 
line. The data also records the type of train, noting whether it was 
a loaded or empty passenger train and the type of rolling stock, 
multiple unit or loco hauled or whether it was a freight train.

The consequence data is based solely on the number of 
fatalities as recorded in the relevant accident report. It is perhaps 
important to note that injuries are not included, regardless of 
severity. The data also includes the speed immediately prior 
to the accident, where it has been possible to retrospectively 
assemble this data; this information is not currently used in the 
analysis.

Data on the number of train kilometres run in a year has, since 
the mid 1990’s, been provided by RSSB and obtained from other 
sources prior to that date.

Table 1 gives the number of fatal accidents in each category 
in five year periods together with the train kilometres run. Table 
2 gives the number of fatalities by type of train. It is noted that 
the distribution of fatality data is skewed, with most accidents 
involving few deaths but occasional outliers affecting the 
average.
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Figure 1 – UK fatal train accidents per 
billion train-kilometres: 1967-2016.
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Not ATP 
preventable

SPAD 
(converging)

SPAD 
(plain line) Other

1967-1971 2.25 2 2 5 16 25
1972-1976 2.18 2 3 2 7 14
1977-1981 2.13 2 2 1 5 10
1982-1986 1.99 2 1 0 8 11
1987-1991 2.15 3 0 1 6 10
1992-1996 2.13 2 0 0 4 6
1997-2001 2.47 2 0 0 1 3
2002-2006 2.61 0 0 0 1 1
2007-2011 2.75 0 0 0 1 1
2012-2016 2.89 0 0 0 0 0

1967-2016 23.55 15 8 9 49 81

Accidents

ATP preventablePeriod
Train km 
operated 
(billion)

Total

Type of accident
Total 

number of 
accidents

Total 
fatalities

Fatalities 
per 

accident
1 2 3 4 5 6 7 9 10 13 31 35 49

Passenger train
Multiple unit 16 7 2 4 3 2 1 1 1 1 1 39 218 5.59
Locomotive hauled 10 2 1 1 2 3 2 1 22 73 3.32
Mk1 rolling stock and earlier 15 8 1 4 5 3 2 1 1 1 1 42 210 5
Post Mk1 11 1 2 1 2 1 1 19 81 4.26

All passenger 26 9 3 5 5 3 4 1 1 1 1 1 1 61 291 4.77

Non-passenger 11 8 1 20 30 1.5

All 37 17 4 5 5 3 4 1 1 1 1 1 1 81 321 3.96

Number of accidents with given number of fatalities

At Level 
Crossings

Not at 
Level 

Crossings Total

1967-1971 2.25 38 0 38
1972-1976 2.18 22 1 23
1977-1981 2.13 16 3 19
1982-1986 1.99 30 1 31
1987-1991 2.15 20 2 22
1992-1996 2.13 14 2 16
1997-2001 2.47 11 3 14
2002-2006 2.61 11 2 13
2007-2011 2.75 9 0 9
2011-2016 2.89 8 0 8

1967-2016 23.55 179 14 193

Number of accidents

Period
Train km 
operated 
(billion)

Table 1 – Accidents by 
category and billion km 
operated in five-year 
bands.

Table 2 – Number of fatalities 
by type of train and number of 
accidents by deaths caused.

Table 3 – Number of accidents involving 
road vehicles.
Note: the zero for the five year period 1967-
1971 in the ‘Not at level crossing ‘ category 
is considered in doubt due to subsequent 
numbers and concern that this was not 
separately categorised at the time.

GB results
The results suggest that a typical fatal train accident will result 
in 3.96 deaths, although there is significant variation depending 
on the vehicles involved. The rate of accidents per billion train 
kilometres is estimated to be falling at the rate of 7.2% per year 
with a standard error of 1%. This is illustrated in figure 1. 2016, 
the last year for which data is available, produced an estimated 
0.39 accidents per billion train kilometres based on this analysis. 
Given that just over 0.57 billion train kilometres were run the 
probability of an accident in that year was about 0.22.

The GB road vehicle initiated accident data
Between 1967 and 2016 there were 193 fatal accidents on 
Britain’s railways involving a motor vehicle of which 179 occurred 
at level crossings. Seven level crossing collisions involved 
fatalities on the train. The 193 accidents have resulted in 269 
fatalities of which 42 were on trains. The four most serious were 
Hixon level crossing in 1968, Lockington level crossing in 1986, 
Great Heck in 2001 (vehicle incursion) and Ufton level crossing 
in 2004. The report notes that there were no vehicle incursion 
accidents in the data prior to 1975 and given the subsequent 
occasional occurrence this creates doubt about the completeness 
of this element of the data.

Table 3 summarises the data in five year time bands separating 
accidents at level crossings and other locations and calculating 
the accident rate per billion train kilometres. The rate of 
accidents, initiated by motor vehicles, per billion train kilometres 
is falling at about 3.6% per annum. This results in a trend 
estimate of 1.64 accidents at level crossing and 0.16 accidents 
caused by vehicle incursions for 2016. In practice none occurred.

The vast majority of such road vehicle initiated accidents 
resulted in a single fatality involving the road user, with a few 
having two or three, plus the outliers that involve on-train 
fatalities. There is no significant trend in these fatality numbers.

European data
The data for Europe covers the 28 Countries of the European 
Union plus Norway and Switzerland. The analysis focuses on 
railway accidents including collisions and derailments, accidents 
at level crossings where either there was a fatality on the train 
or four or more people were killed, and train fires. The current 
collected data is sent to the ERA as part of a European Directive 
requiring the provision of specified data to enable Common 
Safety Indicators to be published. Until around 2011 there was no 
common source of data so the information from the start of the 
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ACCIDENT TRENDS

Year Train km 
million

Number of 
fatal train 
accidents

Fatalities

1980 4129 (17) (178)
1981 4055 (20) (84)
1982 4011 (19) (62)
1983 4043 (24) (56)
1984 4107 (19) (102)
1985 4064 (13) (167)
1986 4058 (9) (30)
1987 4046 (20) (63)
1988 4143 (26) (181)
1989 4146 (19) (64)
1990 4078 19 77
1991 4017 20 52
1992 3991 20 74
1993 3926 14 43
1994 3934 10 65
1995 3922 13 46
1996 3984 11 22
1997 4044 13 67
1998 4078 5 114
1999 4163 4 36
2000 4185 17 57
2001 4196 3 20
2002 4122 14 42
2003 4194 13 40
2004 4259 6 9
2005 4314 7 28
2006 4379 8 22
2007 4454 5 9
2008 4494 9 21
2009 4333 6 42
2010 4295 11 42
2011 4380 6 18
2012 4372 7 24
2013 4361 6 91
2014 4369 4 5
2015 4422 4 5
2016 4422 6 51
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time series in 1980 until then has been assembled retrospectively 
primarily by Professor Evans and cannot be guaranteed to be 
100% complete. This is especially true for the first ten years’ data. 
The paper gives details of the level of accuracy of the data.

A notable feature of the data is that train kilometres operated 
has increased by over 20% in countries that have a long standing 
in the EU but has fallen in the states that joined after 2003 by 
almost 30%. Overall train kilometres run has increased by around 
8% over the period 1990 to 2015.

European overview
Table 4 gives the number of fatal train accidents and the total 
number of fatalities per year for all EU member states plus 
Norway and Switzerland. The figures for the early years (1980 to 
1989) are in brackets to indicate the potential for data errors. The 
accident at Eckwersheim in France in November 2015 is excluded 
as the line was not open to public traffic and a test train was 
involved.

The report uses the data to assess whether there is a change 
in the rate of accidents per billion train kilometres, in the same 
way as the UK assessment. Based on the data after 1990 there 
is a reducing trend of accidents per billion train kilometres at a 
rate of around 5.3% per annum subject to a standard error of 
0.8%, which is statistically significant. This is shown in figure 2. 
Thus in 2016 the rate of accidents across Europe was 1.07 per 
billion train kilometres implying 4.7 accidents when factoring in 
the distance run. The report notes that 2016 did in fact have six 
accidents, somewhat above trend, but within limits.

Individual country analysis
The report attempts an analysis for individual countries, however 
especially for some of the smaller geographic states the number 
of events is sufficiently small that an analysis cannot be carried 
out individually in a meaningful way. In this summary it is not 
possible to go into individual country detail but readers may be 
interested in doing so by reading the report themselves.

accident causes
The report then looks at the principle causes of accidents. The 
most common cause of accidents is Signal Passed at Danger 
with the second most common cause being a despatching error. 
Both have declined substantially over the period reviewed. The 
report also notes there are many other causes and comments 
that the majority of them are reducing over time and thus all are 
contributing to the overall rate of reduction.

Table 4 – EU28, Norway, Switzerland km operated, accidents 
and fatalities per year. Note: Figures in brackets from 1980 to 
1989 indicate the numbers are potentially unreliable/incomplete.

Figure 2 – EU28, Norway, Switzerland fatal 
train accidents per billion train-kilometres. 
The dotted section indicates the potential 
unreliability of data between 1980 and 1986.
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Date Country Location Type of accident Summary Fatalities
19/08/1980 Poland Otloczyn Train Passenger/freight collision 67
12/09/1982 Switzerland Pfaffikon Level crossing Passenger train/bus collision and fire 39
14/07/1984 Slovenia Divaca Train Passenger/freight collision 31
03/08/1985 France Flaujuc Train Two passenger train collision 35
31/08/1985 France Argenton-sur Creuse Train Passenger train derailment + collision 43
11/09/1985 Portugal Nelas-Alcafache Train Two passenger train collision + fire 45
27/06/1988 France Paris Gare de Lyon Train Two passenger train collision 56
12/12/1988 United Kingdom Clapham Junction Train Three train collision 35
02/12/1994 Hungary Szajol Train Passenger train derailment 31
03/06/1998 Germany Eschede Train Passenger train derailment 101
05/10/1999 United Kingdom Ladbroke Grove Train Two passenger train collision + fire 31
08/05/2003 Hungary Siofok Level crossing Passenger train/bus collision and fire 33
29/06/2009 Italy Viareggio Train Freight train derail + fire 32
24/07/2013 Spain Santiago de Compostela Train Passenger train derailment 80

Table 5 – High severity accidents across Europe.

Consequences
Turning to accident consequence it is noted that the distribution 
of fatalities is very skewed. Most accidents result in a small 
number of deaths but occasionally there are major events, 
leading to many fatalities. Table 5 gives summary details of those 
accidents involving more than 30 fatalities. Examining all the 
data it is concluded there is no meaningful change in the typical 
number of fatalities per accident which is around 4.3 per event.

Level Crossing accidents
Level crossing accidents across Europe are then considered. The 
Common Safety Indicators record 3695 fatalities over 10 years 
since 2006, an average of 369 per year. Most of these are single 
fatality events, meaning over 350 events per annum. Most are not 
individually reported so a statistical analysis cannot be completed 
and anyway the data set would be very large. However, a specific 
analysis can be performed on severe level crossing accidents. 
Severe in this context is defined as an accident involving the 
death of a person on the train or the death of 4 or more people 
using the road. The total of the same ten year period for severe 
accidents is 177 fatalities or 4.8% of the total.

Using the same model as before to determine whether there 
is a trend in severe accidents, there may be a slight downward 
movement but the statistical error is sufficiently large to make the 
trend not statistically different from flat.

Summary
These two reports which are currently updated annually 
give a good overview of the GB and wider European railway 
performance in terms of serious accidents. The reports cover 
both pure railway accidents and accidents involving road users, 
especially at level crossings. The statistical assessments indicate 
that in general the rate of accidents per billion train kilometres 
is falling for railway accidents at around 5% per annum overall 
but with differences between countries. Whilst the GB can 
demonstrate a small decline in level crossing accidents, across 
Europe as a whole there is no discernible trend. Nor is there a 
discernible trend for the probable number of fatalities in each 
event.
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AUTOMATED TESTING

automated testing of SSI data

The increasing complexity of modern digital interlockings, 
both in terms of geographic coverage and of functionality, 
poses a major challenge to safety verification and testing. The 
challenge is exacerbated by the scarcity of skilled resources to 
undertake such testing coupled in proportion to the number 
of projects underway. Automation of design and/or testing of 
interlocking data has been proposed as a means of addressing 
this challenge, for example Network Rail’s recent guidance [1] 
and the interlocking software development described in [2]. This 
paper presents a practical approach to automated testing that 
uses computer science formal methods to enhance interlocking 
verification efficiency and accuracy whilst integrating with existing 
testing processes.

Formal methods are mathematical techniques for the 
specification, design, analysis and verification of software 
and hardware systems. They have been successfully used 
in several industrial domains, including transport, defence, 
telecommunications and nuclear power; for example, the 
nuclear power station shutdown systems described in [3]. Recent 
advances in formal methods are making it possible to successfully 
apply them in developing a range of complex applications. 
Development of computerised railway signalling and interlocking 
systems is an area in which formal methods are now becoming 
widely used.

The article begins by describing the application of formal 
methods to testing by elaborating on what formal methods are 
and why it is appropriate to use them to test interlockings. It 
then describes the SafeCap project’s evolutionary approach to 
the application of formal methods, which seeks to apply them 
incrementally alongside existing testing processes, and how 
this relates to the IRSE Fundamental Requirements. Finally, it 
describes practical results of applying this approach to real-world 
interlocking data. In this case the real-world data was written 
in the widely used Solid State Interlocking (SSI) language; the 
SafeCap approach is equally applicable to other interlocking 
technologies.

Testing with formal methods
What are formal methods?
The essence of any verification, validation or testing procedure 
is in contrasting one part of a system design against another, 
though not necessarily of the same kind or level of detail. In 
railways, the textbook case is the check of control tables or 
signalling data against a railway schema (and, in a wider context, 
well established safety principles and standards). 

Signalling verification is normally accomplished by a manual 
inspection where a highly qualified engineer reviews the 
signalling design. Various degrees of automation are possible 
with the ideal, perhaps never attainable, of a completely 
automatic check. For an automatic checking procedure to be 
realised two primary conditions must be satisfied. 

First, notice that any validation, verification or testing is based 
on redundancy. The more redundancy there is the richer and 
more sophisticated the potential verification can be. Redundancy 

must ensure there is sufficient diversity in notation, methods 
and development teams as literal repetition does not result in 
genuine system redundancy. Thus an ideal case would be same 
system designed by two or more independent teams using 
distinct notations and development techniques. In the railway 
signalling domain independence is achieved by the separation of 
the designers producing the data from the checkers and testers 
(or automated tools) verifying it.

Secondly, the questions asked of a design must be syntactic. 
Anything that can be written down using a notation that ensures 
an unambiguous interpretation is, by definition, syntactic. It is 
possible to make syntactic statements in a natural language but 
more practical to go straight into the language of mathematics 
where it is harder to overlook ambiguity. The advantage of being 
syntactic is that any syntactic tasks can, in principle, be carried 
out by a computer, i.e., automated. Computer-based testing and 
model checking are examples of syntactic methods. They use 
computation to probe a design for certain errors. 

The technique described in this paper is both syntactic and 
comprehensive. Instead of attempting to construct and explore 
all possible system states, it uses symbolic mathematics to reason 
about all possible states and scenarios in one shot. The main 
principle of formal verification is using mathematics to analyse 
system properties. For this all the relevant details about the 
system design must be accurately reflected at an appropriate 
level of abstraction in the language of mathematics. This itself 
can be a challenging task. Verification is said to be static to 
underline that it does not explore potential scenarios that may 
happen in a system (e.g. train positions, point and signal states) 
– a process necessarily limited in its comprehensiveness as the 
number of scenarios can be extraordinarily large - but rather uses 
symbolic formal inference to reason about all potential scenarios 
at the same time. For this a technique called ‘automated theorem 
proving’ is used – a computer-based check of a mathematical 
conjecture expressed in a certain formal logic without any input 
from a human operator.

Why use formal methods in testing?
Signalling interlockings present a natural candidate for the 
application of formal verification. Interlockings process finite, 
pre-defined logical states: signal aspects, commanded points 
positions, track section occupancy, etc. They must enforce 
fundamental safety constraints on these logical states to a high 
integrity, e.g. commanded points position must never change 
in an occupied track section (‘Deadlocking’). The increasing 
complexity of interlockings can make comprehensive manual 
testing of all possible combinations of states impracticable or 
prohibitively expensive and time consuming. Formal methods 
offer the opportunity to automate some or all of the testing 
process to achieve exhaustive verification of specific safety 
constraints whilst reducing the time, cost and re-work that testing 
normally entails.

Whilst a traditional testing process demonstrates that an 
interlocking behaves as required in specific test scenarios, a 
formal methods approach mathematically proves that certain 
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safety constraints are complied with. To achieve an acceptable 
level of rigour, traditional testing processes are obliged to test 
a wide range of scenarios. Each scenario takes time to test and 
each test costs money. As interlockings become more complex 
in terms of their functionality and the size of their control areas, 
and hence the number of logical states they must process, so the 
number of scenarios increases rapidly. With it increases the time 
and cost needed to test an interlocking. Automated test scripts 
can help though they are limited by interlocking response times 
and testing resources to interpret the results. By contrast, an 
automated formal methods analysis of interlocking logic can be 
carried out in a few minutes even for a very complex interlocking 
and, what’s more, can demonstrate that constraints are complied 
with in all possible scenarios. 

Furthermore, by focusing analysis on fundamental safety 
constraints rather than specific functions or scenarios, a formal 
methods approach is better placed to cope with additional 
functionality and expanded areas of control. By way of 
illustration, the introduction of complex swinging overlaps 
increases the functional complexity of an interlocking and hence 
the number of scenarios a traditional testing process would need 
to consider to validate a points deadlocking constraint. From a 
formal methods perspective, the same deadlocking constraint 
applies whether overlaps swing in a highly elaborate manner 
or remain fixed hence the introduction of complex swinging 
overlaps has little impact on the testing process. 

The ability to validate interlocking logic quickly not only offers 
direct time and cost savings in the testing activity itself, it also 
opens up the opportunity to address errors at an early stage of a 
project and so avoid expensive re-work later on. In a traditional 
interlocking data preparation process, any errors missed during 
the data designer’s production check remain in the data until they 
are picked up by an independent checker or tester (or worse – 
potentially not at all). Using an automated formal methods tool, 
a rigorous verification could be carried out quickly and cheaply 
at the data design stage before the data even reaches the 
independent checker or tester.

The SafeCap approach
Whilst formal methods offer many tantalizing benefits to the 
verification of signalling interlockings, they suffer from one 
major drawback: the high upfront investment needed before any 
benefits can be realised. Before an interlocking can be verified 
by formal methods, interlocking logic and safety constraints 
need to be written in formal notation and configured into highly 
specialised verification tools. Upfront investment is required to 
train staff in the formal notation, develop processes to produce 
data in this way, to purchase and configure verification tools and 
to underpin this with a safety case. This upfront investment may 
only be justified if development costs can be amortised over 
many interlockings.

To overcome this drawback the SafeCap project is pursuing 
an evolutionary, rather than a revolutionary, approach to the 
application of formal methods. Rather than attempting to 
completely validate an interlocking using formal methods from 
the outset, the SafeCap approach is an incremental one that 
works alongside existing processes. Data is validated in its native 
language (e.g. SSI) and verified against a targeted group of 
safety properties. Early benefits can thus be realised with minimal 
upfront investment in process change or tools. Furthermore the 
SafeCap tool can be applied as a supplement to, rather than a 
replacement of, the existing testing process: even before a safety 
case is in place, the tool can offer projects improved assurance 
and reduced re-work through early error detection.

Over the course of time, with the support of evidence from 
real-world applications, a safety case can be developed to use 
the SafeCap approach as an alternative to traditional testing for 
certain safety constraints: points deadlocking, opposing route 
locking, sequential release of route locking, etc. Furthermore, 
the scope of safety constraints validated can be progressively 
expanded and the scope that still needs to be tested by 
traditional processes reduced. As this happens, so further time 
and cost savings and ever more comprehensive verification of 
interlockings becomes possible.

In the long term, the approach may lead to complete 
verification of interlocking data by formal methods, but not 
necessarily. Certain safety constraints lend themselves more 
naturally to a formal methods approach than others. Where 
a constraint occurs frequently, such as points deadlocking or 
opposing route locking, configuration of an automated tool to 
verify this constraint makes sense. Where a safety constraint is 
highly bespoke, such as one concerning an interlocking fringe, a 
manual testing process may be the more economic option. The 
end result may therefore be a hybrid of automated and manual 
testing rather than a ‘one size fits all’ approach.

Relation to IRSE fundamental requirements
Regardless of whether verification is carried out by traditional 
testing processes, formal methods or a combination of both it 
must demonstrate compliance to safety constraints that, together 
with other safety requirements, form a robust safety justification 
for the train control system. Interlocking verification activities 
must therefore be seen in the context of the safety of the wider 
train control system. A useful framework for this is provided by 
the IRSE Fundamental Requirements for Train Control Systems 
[4]. These requirements were originally set out in the IRSE’s 
Signalling Philosophy Review of 2001 and have since been 
revised on several occasions. 

The IRSE Fundamental Requirements are broken down 
into three categories: Core Operational Requirements, 
Core Functional Safety Requirements, Essential Supporting 
Safety Requirements. Of these, the Core Functional Safety 
Requirements are the most directly applicable to interlocking 
logic. Within each category a number of high level goals are 
defined that a train control system must meet. 

Using Goal Structured Notation (GSN) [5] to design the syntactic 
arguments for transfer into formal methods, a safety argument 
can be developed to demonstrate how each high level goal 
is satisfied by a combination of lower level goals that can be 
verified using formal methods or other techniques. For example, 
the high level goal that

 ‘Controls should be in place to prevent or mitigate the 
consequences of a train passing the end point of its authority to 
move ‘

could in part be satisfied by points deadlocking: should a train 
exceed its authority to move and enter a section of track that 
is not locked by a route, points deadlocking mitigates the risk 
of points moving under a train. The lower level goal of points 
deadlocking itself can be further broken down in the GSN of 
figure 1.

A more complex example is to consider IRSE Fundamental 
Requirements goal 2.1a in its entirety: 

 ‘Before a train can be authorised to move onto a section of line 
the line should be proved secure. ‘

To satisfy this goal it is necessary to consider both the 
conditions for authorising a train movement (the ‘Aspect Level’ 
conditions) and the underlying locking states that must exist in 
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that interlocking whilst such a movement 
is being authorised (the ‘Locking Level’ 
conditions). Figure 2 demonstrates, using 
GSN, how these conditions can be further 
broken down into low-level goals that can be 
formally verified. 

The GSN safety argument is based around 
the SSI concepts of routes and sub-routes 
and train movements authorised by lineside 
signals. Each route represents a physical 
path from one signal to the next signal and 
can be in either the ‘set’ or ‘NOT set’ state. 
Each route is broken down into one or more 
sub-routes, each corresponding to a train 
detection section within the path of the 
route. Each sub-route can be either ‘locked’ 
or ‘free.’ Logical tests of sub-routes are used 
to prevent the interlocking changing the 
commanded position of a set of points within 
a route that is set (and hence from setting 
any route that would require those points in a 
different position). Logical test of sub-routes 
are also used to prevent routes being set in 
opposite directions over the same section of 
track (‘opposing locking’). 

For the sake of simplicity, the following 
features encountered in real-world train 
control systems with various degrees of 
frequency have been omitted: overlaps, 
level crossings, swing bridges, omission of 
opposing locking in sidings. The GSN model 
can, nonetheless, be extended to include such 
features. It can similarly be extended to suit the needs of non-
SSI interlockings as well as train control systems in which train 
movements are authorised by European Train Control System 
(ETCS) or communications-based train control (CBTC) electronic 
movement authorities. 

Practical results
Test layout
In developing a practical tool to validate SSI data, the approach 
taken by the SafeCap project consists of transforming a 
combination of SSI data and schema into a single mathematical 
model. The tool captures the schema using constant relations 
that capture schema topology, position of trackside equipment, 
routes and sub routes and so on.

The tool captures SSI data in a rather different fashion. Although 
called ‘configuration data,’ SSI texts are semantically a form of 
program. Control flow in SSI is relatively simple – apart from the 
overall execution cycle there are no loop constructs or jumps and 
recursion is forbidden. The mathematical model of SSI data is 
a transition system, that is a system characterized by a number 
(usually quite large, i.e., hundreds or thousands) of individual 
state transitions. 

The following is a sample SSI definition taken from the synthetic 
example layout in figure 3. It defines a condition when sub route 
UAD-AC can be freed. Such definitions are placed in the FOP 
(Flag Operation) file.

UAD-AC f if UBE-AB f, TAD c (TAC o or TAD c > 15).

‘U**’ is a sub route name; ‘f’ means free, ‘l’ means locked. 
‘T**’ is a track circuit name; ‘c’ means clear; ‘o’ means occupied.

One of the more interesting parts of SSI is route setting 
requests, such as the following example that sets a route 

(‘R10A(M)’) and locks its associated sub-route (‘UAB-BA’ and 
‘UAC-BA’) when opposing route locking (‘UAC-AB’) and overlap 
locking (‘OAB-AB’) is free. Note that this request uses a form 
of nested If-statement to determine the direction in which 
to lock the swinging overlap (‘OAD-CB’ / ‘OAD-CA’). Route 
setting requests may also contain references to functions and 
subroutines.

*QR10A(M) if R10A(M) a 
  UAC-AB f, OAB-AB f 
  then R10A(M) s 
  UAB-BA l, UAC-BA l 
  if P101 cfn 
  then OAD-CB l 
  else OAD-CA l 
  \ 
  S10 clear bpull 
  \.

SafeCap maps the SSI definition into a mathematical model, 
specifically a relational model of a transition system representing 
the original SSI text. For instance, the ‘sub route UAD-AC free’ 
test shown previously translates into the following relation.

(track_c(TAC) or track_c_timer(TAD) > 15) and 
subroute_f( ‘UBE-AB ‘) and track_c(TAD) 
♦ 
subroute_f’ == (subroute_f <+ { ‘UAD-AC ‘->true})

As is customary in formal methods, the relation is characterised 
by a pair of predicates called precondition and postcondition. 
The relation shows one possible way for the system (representing 
the whole of SSI) to change its state. By convention, a primed 
variable (e.g., v’) denotes the value of a variable in the new state 
(the one replacing the state to which the simple v refers). All 
variables not occurring primed in a postcondition are assumed to 
retain their value.

Sn1
Fail-safe train 

detection 
equipment. 

G1
Points never move under a train.

G3
The commanded position of 
points never changes in an 
occupied track section.

S1
Argument based on points 
deadlocking.
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Each train detection section is 
regarded as occupied when there 
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Sn2
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Figure 1 – GSN for points deadlocking.
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AUTOMATED TESTING

In general, SSI constructs cannot be mapped into just one 
relation. In particular, route setting requests would translate to 
several transitions, each focusing on an update of a specific 
variable. For instance, the route setting command in request 
QR10A(M) translates into 

overlap_f( ‘OAB-AB ‘) and route_a( ‘R10A(M) ‘) and 
subroute_f( ‘UAC-AB ‘) 
♦ 
route_s’ == (route_s <+ { ‘R10A(M) ‘->true})

It is not necessary to retain the structure of the original SSI 
document in the output mathematical model – all the relations, 
irrespective of their provenance, are conceptually equal. 

The relational model of a transition system is one of the most 
established forms of computation. One particular advantage of 
this model is that a large class of properties can be established 
using purely static methods without attempting to go through 
transition system states explicitly. In SafeCap, a technique called 
‘symbolic theorem proving’ is used to check that every transition 
satisfies certain correctness properties The most important class 
of such properties are safety invariants – a set of safe states that 
a system is not permitted to leave, i.e. a safety constraint. One 
example is the following invariant, which checks that whenever 
the commanded position of a set of points is changed (triggering 
the points to move) all train detection sections over the points 
are proved clear:

forall p:Node 
 point_c(p) != ‘point_c’p ‘(p) => 
  ‘pointcleartracks ‘[ ‘Node.base ‘~[{ ‘Node.base 
‘(p)}]]  
   /\ track_o == {}

To prove that a condition such as the above holds universally 
for the defined transition system, every state relation of the 
system must be proven to maintain the invariant. In formal terms, 
this means generating a conjecture to prove for all such state 
relations. The design is deemed to contain an error when such 
conjecture cannot be proven. The proof process is completely 
automated. 

Application to real SSI data
Having developed the SafeCap tool using data for simple 
synthetic schema in this manner, it was then applied to a more 
complex real-world SSI data set. Working with Network Rail, 
several non-operational data sets with known errors were 
identified that corresponded to real world layouts. A recurrent 
known error in these data sets was a failure to check that points 
were ‘free to move’ before changing their commanded position. 

Within the SSI language a ‘free to move’ test is required before 
changing commanded point position to determine whether it is 
safe to move those points. Each ‘free to move’ test is defined in 
a dedicated ‘Points Free To Move’ file and typically consists of 
a check of points deadlocking and sub-routes (or sub-overlaps) 
locking points in a specific position. Omission of this test 
therefore manifests itself in a failure to apply points deadlocking 
and/or locking of points by a sub-route. 

Fortunately, omission of a points ‘free to move’ test is an error 
that formal methods are well adapted to detect. This can be 
achieved by checking whether the following invariants universally 
hold true in the data.

• When the commanded position of a set of points is changed 
(triggering the points to move) all point train detection 
section over the points are clear (point deadlocking).

• When the commanded position of a set of points is changed 
all sub-routes over the points are free (locking of points by a 
sub-route).

In trials using the real-world, non-operational data sets, the 
SafeCap tool automatically detected where a points ‘free to 
move’ test had been omitted for a route covering the junction 
shown in figure 4. This ‘free to move’ test had been missed in 
initial manual checking and testing due to the complex route 
and swinging overlap conditions around the junction. [The error 
had already been picked-up in subsequent manual testing and 
remedied in later versions of the data hence poses no safety risk.]

Not only was the error detected automatically, but it was 
detected without the tool being configured with the complex 
rules surrounding route setting or swinging overlaps; the tool 
simply assessed data against invariants (constraints) that should 
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always hold. In this way, it proved its viability as a means of 
supplementing existing testing processes for SSI data sets even 
in the presence of high layout and functional complexity.

Conclusion
This article has presented a practical approach to using computer 
science formal methods alongside existing data preparation 
processes to verify signalling interlocking data, which has been 
shown to work on real world interlocking data. Although this 
interlocking data was written in the widely-used SSI language, the 
SafeCap approach can equally be applied to other interlocking 
technologies.

The formal rigour of the mathematical analysis allows SafeCap 
to ensure the complete and exhaustive analysis of an interlocking 
system under development for compliance with specific safety 
constraints. The practicality of the approach is in supporting 
fully automated verification of the data developed by signalling 
engineers. Furthermore, being fully automated, the use of formal 
mathematical notation and reasoning can remain hidden and 
diagnostics provided in terms of the input signalling data. The 
SafeCap solution is extremely scalable – analysis shows that fully 
automated analysis of signalling data for the largest UK areas can 
be done within minutes. 

The approach offers the opportunity to further enhance 
the rigour of interlocking verification testing whilst achieving 
efficiency savings through greater automation and reduction 
in rework by identifying errors at an early project stage. 
The approach is an incremental one, meaning that earlier 
benefits from a small set of verification tests can be built on to 
progressively expanding the scope of automation where it is 
economic while retaining traditional testing for more bespoke 
signalling features. 
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London’s Crossrail is currently Europe’s largest infrastructure 
project. A new railway is being built running from Reading and 
Heathrow in the west, through 42 km of new tunnels under 
London to Shenfield and Abbey Wood in the east. The line will 
consist of 10 new and 30 upgraded stations. The new railway, 
which will be known as the Elizabeth line when services begin, 
will be fully integrated with London’s existing transport network 
and will carry an estimated 200 million passengers per year, with 
up to 24 trains per hour. 

On Christmas Eve December 2017, the Crossrail programme 
undertook arguably the single largest and most complex data 
signalling upgrade in history. After an integrated program 
of works with all disciplines staged over six years including 
three years of data rewriting, new signal interlocking data was 
uploaded for all 500 signal routes in the three-mile approach to 
London Paddington. 

Work to rewrite the data began in the second half of 2015, 
meaning that the entire project had to lock down the operational 
layout of the railway two and half years out. This has had to take 
into account significant track layout changes in order to connect 
the Crossrail tunnels onto the Great Western Main Line (GWML) 
and electrify all of Paddington station’s platforms. 

As well as being the most complicated stretch of the GWML, 
the existing interlocking systems in the Old Oak Common 
Paddington approach area include a number of unconventional 
protections. These were provided in the wake of the Ladbroke 
Grove accident in 1999 to further minimise the risk of signals 
passed at danger. The route is also fitted with ATP (Automatic 
Train Protection).

The upgrade will help to improve reliability and connect the 
new Crossrail tunnels and new depot to the GWML, paving the 
way for the Elizabeth line which fully opens in 2019. 

The new Bombardier Class 345 Elizabeth Line trains will be 
the first trains in the UK capable of running from a main line 
surface rail network into metro tunnels and back up onto the 
surface network, interfacing with two separate signalling systems. 
In the tunnels, the trains will use communications based train 
control (CBTC) and on the surface sections the trains will use 
conventional signalling, along with the additional overlay of 
European Train Control System (ETCS) Level 2 on the Heathrow 
Spur – the 8.6 km of railway infrastructure linking Heathrow 
Airport to the GWML.

INDUSTRY NEWS
Crossrail Christmas signalling update

Paul Darlington
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ERTMS TESTING AND MAINTENANCE

ERTMS: from verification and validation to 
operation and maintenance
Maurizio Palumbo
ERTMS Solutions, Belgium

A system is a combination of interacting and integrated 
elements, subsystems, or assemblies that accomplish a defined 
objective. These elements include products, processes, people, 
facilities, services, and other support functions.

Systems Engineering (SE) is an interdisciplinary approach for the 
realisation of successful systems, by developing a final product 
that meets the customer needs, goals and objectives.

Thanks to its nature, an ERTMS re-signalling project is a 
perfect example of a safety critical system development, whose 
realisation, from concept to operations, can be managed 
following the rigorous approach defined in the ‘V-model. for 
railway applications.

Introduction: the ERTMS system development 
lifecycle 
A system development methodology refers to the framework 
used to structure, plan, and control the process of developing 
a safety critical system, e.g. an ERTMS/ETCS railway signalling 
programme.

The ERTMS systems development lifecycle presents and 
describes the activities to be performed (and the results that must 
be produced) during each phase of the product development.

The term ‘V’ comes from the shape of the diagram (figure 1), 
which is split into the two main macro-phases ‘design’ (left side, 
during which the main concept will be specified and translated 
into system requirements) and ‘Integration and Verification’ (right 
side, where the system parts are recomposed and the correctness 
of each of them, and the static and dynamic aspects of interfaces 
between them, is verified).

In more detail the purpose of the Integration and Verification 
phase is: 

• Completely assembling the elements to make sure they are 
compatible with each other.

• Demonstrating that the aggregated elements perform the 
expected functions and meet measures of performance/
effectiveness.

• Detect defects/faults related to design and assembly 
activities by submitting the aggregated elements to 
focused V&V actions.

However, what’s the difference between the concepts of 
verification and validation? Engineers usually struggle to 
correlate the two process and same terms often refer to different 
meanings.

Verification proves that a manufactured product for any part 
of the system model within the system structure conforms to 
the build requirements. In other words, the purpose of the 
verification process is to confirm that the specified design 
requirements are fulfilled by the system. This process also 
provides the information required to perform the remedial 
actions that correct the non-conformances in the finished system. 

Validation is the confirmation, through the provision of objective 
evidence, that the stakeholder’s requirements for a specific 
intended use or application have been fulfilled. This is shown in 
figure 2. A validated system is therefore able to accomplish its 
intended final use, goals, and objectives (i.e. meet stakeholder 
requirements) in the intended operational environment. A 
validation action applied to an engineering element includes the 
following aspects: 

System verification plan

System validation plan

Sub-system verif
Plan

Concept of
operation

System
requirements

High-level
design

Detailed
design

System
validation

System
verification

Sub-system
verification

Unit testing
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Field installation
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maintenance

Feasibility
study

Time line

Unit test plan

Figure 1 – The V-cycle for railway applications.
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• Identification of the element on which the validation action 
will be performed.

• Identification of the reference that defines the expected 
result of the validation action.

• Any engineering element can be validated using a specific 
reference for comparison.

According to these definitions, from a process perspective, 
the verification and validation may be similar in nature, but the 
objectives are fundamentally different. From an engineering 
point of view, it is essential to confirm that the realised product 
is in conformance with its design specifications (did we build it 
right?), whereas from a customer point of view, the interest is in 
whether the end product will do what the customer intended (did 
we build the right thing?).

Moreover, it is important to understand the iterative nature 
of these activities, which can be repeated in each stage 
of the system life-cycle, to provide progressive evidence 
of requirements satisfaction (and remedial actions against 
nonconformities) during the product development. This is shown 
in figure 3.

Once the system has been validated and delivered to the final 
user for operations, arranging and ensuring efficient and effective 
maintenance is the most challenging task to be carried out, 
because of the high effort required in terms of time and costs.

A railway service or asset needs to be highly reliable, therefore 
the equipment must be kept in good working condition and 
regular maintenance is essential to achieve this goal.

For these reasons, innovative maintenance solutions for railway 
systems, as well as integration of maintenance into operation, 
are constantly studied and developed to ensure a better 
management of the railway infrastructure and rolling stock.

Testing and commissioning
As part of the verification and validation process, methods for 
ensuring that the system contains the functionality specified must 
be developed.

There are many methods for validating functionalities and 
determining if the system reacts in the expected way, but testing 
is the most common and efficient one, therefore, to validate the 
requirements, test plans are written that contain multiple test 
cases; each test case is based on one system state and tests 
some functions based on a related set of requirements.

On the total set of test cases, each requirement must be tested 
at least once, and some requirements will be tested several 
times because they are involved in multiple systems in varying 
scenarios and in different ways.

Case study 1: ERTMS trackside/onboard on-site 
testing on the Thameslink ETCS line
Although many solutions, such as laboratory replications of the 
real environment and/or systems simulators, can be adopted 
by the ETCS suppliers to perform an early-stage and iterative 
verification process, the closer the ERTMS system is to its design 
maturity, the more important will be the need to test the solution 
in the field by performing on-site tests, to ensure the correct 
integration of the ERTMS trackside and on-board subsystem and, 
thus, the effectiveness of the whole solution.

History taught the ERTMS market that this activity can be quite 
challenging, and expensive in terms of time and cost, due to:

• The restricted time-range available to the ETCS supplier, to 
access the track for on-site test sessions and its related cost 
(often, tests can be performed only during night time).

• The time required to analyse the results of each test case, 
due to the different sources of information to be integrated 
to detect any failure (DMI, RBC data, air-gap data, lineside 
signals, drivers’ operations, etc.).

For these reasons, Network Rail decided to look for solutions to 
hasten and automate this process, with the purpose of avoiding 
any potential project delays that could happen due to the issues 
listed above.

After careful consideration, Network Rail’s choice fell on the 
ERTMSCamCorder, an on-site testing tool enabling full and 
synchronised record, replay, and report of all trackside and 
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Figure 2 – Verification and validation process.
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onboard data needed during the test and commissioning phase 
of a rail project. The user interface is shown in figure 4.

The system, made by two cameras (one records the DMI, the 
other one records the track), a laptop (installed on-board) and 
an EVC/JRU communication sniffer, ensures the user can record 
each test session with the purpose of storing its data in a shared 
database and hastening the post-test analysis required to correct 
any malfunctions.

In relation to that, Jonathan Hayes, head of systems integration 
at Network Rail for the Thameslink project recently said: 

 “We have very limited access to the track, and we occasionally 
miss DMI features that we are looking for. The ERTMSCamCorder 
allows us to record that during the test sessions and replay that in 
the office. It also allows us to do very rapid analysis if we've got a 
problem.”

Operation and maintenance 
Maintenance on the railway is defined as the process of 
preserving the assets along the track or related to vehicles, but 
there are different approaches to maintaining a railway asset:

Corrective maintenance
This is a task performed to identify, isolate, and resolve a fault 
so that a failed equipment can be replaced or restored to an 
operational condition within the tolerances or limits established 
for in-service operations. With this approach, no actions are taken 
to prevent a fault, since the only way to detect it is waiting for an 
equipment to fail.

Preventive railway maintenance
This is a task regularly performed to monitor the status or the 
conditions of a railway equipment, to lessen the likelihood of it 
failing. An approach like this allows the infrastructure managers 
to recognise the bad health of an asset, so that a preventative 
action can be taken before a failure, ensuring a better reliability 
of the whole system.

Figure 4 – ERTMSCamCorder user interface.
Predictive railway maintenance
Predictive maintenance techniques are designed to help 
determine the condition of in-service equipment to predict when 
it is going to fail, therefore it is not a matter of likelihood, but a 
highly detailed forecast is ensured. This approach promises cost 
savings over routine or time-based maintenance, because tasks 
are performed only when warranted.

Case study 2: Eurobalise maintenance on the ETCS 
Belgian network
Part of any ERTMS trackside installation, the Eurobalises are 
transponders placed between the rails of a railway, they serve 
as ‘beacons’ giving the train an exact location, as well as 
transmitting signalling information to the ETCS-fitted trains. 

All networks that operate ETCS are starting to put in place 
systematic measurement of the Eurobalises, to maintain them 
in an effective way. Nowadays, there are several tools available 
on the market to perform Eurobalise maintenance, and many 
Eurobalises vendors currently supply to their customers a 
portable ‘suitcase’, enabling them to read and optionally 
reprogram the Eurobalises (figure 5). This unit is essentially 
a stripped-down OBU, with antenna and instrumented BTM 
function only, together with a battery, a small user interface and a 
casing making it fit to use in the field.

Clearly, these human portable tools are not the best if you 
plan to assess the whole network composed of thousands of 
kilometres of balise equipped lines. It is commonly accepted that 
a couple of engineers can, with such a tool, only check 10 to 15 
balises per day, maximum.

Aware of the limitations of the previous solutions, the ERTMS 
market started to ask for instruments specifically designed to 
automate Eurobalises measurements, to enable diagnostic of any 
issue with these balises, including degradations. 

Condition-based monitoring of Eurobalises enables the network 
operators to replace the Eurobalises before they break, avoiding 
costly train delays and corrective maintenance interventions, by 
getting a preventative report of the balise signal quality.
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An example of the new tools currently available on the market, 
presented at the latest TRAKO Fair in Gdansk (Poland) and 
awarded with the Józef Nowkuński prize, thanks to the added 
value in innovation and advanced technology brought by its 
product for maintenance of railway assets, is the BaliseLifeCheck, 
currently adopted by the Belgian railway infrastructure manager, 
Infrabel, to constantly check the health of the balises (National 
and ETCS) installed on the track throughout Belgium.

The BaliseLifeCheck is a moving laboratory, to be installed 
on a measurement or commercial train, automating the balise 
maintenance.

The system is equipped with an ETCS antenna, producing 
detailed signal quality information when it passes over a 
Eurobalise, and a laptop with embedded software able to 
compare the actual values with the Subset-036 and Subset-085 
standardised parameters (figure 6).

Figure 5 – Eurobalise reading ‘suitcase’.

Figure 6 – Eurobalise signal envelope shown against subset thresholds.

What do you think?
Does new technology need new approaches to ensure its 
smooth introduction? Are there other ways of doing things, 
or should we be learning from other industries? We always 
welcome feedback and views from IRSE NEWS readers. Why 
not write to the editor (irsenews@irse.org)?

Any risk of deviation with these Subsets (and hence, possible 
future failures of the systems, which might cause, notably, 
unavailability of the track), can be identified in real-time, before 
the failure occurs.

Collaborative approach
A ERTMS re-signalling project will require a rigorous approach 
to its system development including verification, validation, and 
maintenance arrangements. This will include new ways of carrying 
out these requirements. In the testing and commissioning 
stage a ERTMS trackside-onboard integration process using 
the ERTMSCamCorder provides one solution. To maximise the 
availability of the system a condition-based monitoring approach 
to the Eurobalises will enable these to be replaced before they 
fail. This will avoid train delays and corrective maintenance 
interventions. These tools will also provide the asset manager 
a comprehensive data set in order to manage a ERTMS system 
throughout its life
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ETCS AND LEVEL CROSSINGS

This article originally appeared in the November 2017 edition 
of Railway Gazette International, and we would like to thank 
RGI and their authors for their kind permission to use the 
article in IRSE NEWS. We would also like to thank Alstom for 
permission to use its description of the activation algorithm, as 
well as some of the diagrams.

The roll-outs of ERTMS/ETCS Level 2 in the Netherlands and 
Denmark are taking different approaches to the activation 
and protection of level crossings, while seeking to ensure that 
warning times for road users are more consistent regardless of 
the speed of approaching trains.

Level crossing safety is a key priority for railways around the 
world. According to inter national statistics, level crossings remain 
one of the biggest contributors of external risk to the safety of 
railway operations. So it is not surprising that in recent years 
many railways have sought to eliminate as many crossings as 
possible, either by building replacement bridges or by closing 
the right of way. 

Where this has not been possible, four quadrant barriers have 
become more common, often allied to the introduction of 
obstacle detection systems. Technical improvements include the 
use of aluminium or glass fibre barriers, LED ‘traffic light’ heads 
for road signals and electronic acoustic devices such as bells and 
warblers.

A new challenge for signalling engineers comes with the 
implementation of the ERTMS, and in particular how the 
operation of level crossings is integrated with ETCS Level 2 
Baseline 3.

A project team in the Netherlands is currently developing 
specifications for the planned national roll-out of ERTMS. Given 
the number of level crossings in the country, their relationship to 
the signalling system is a major concern.

Protecting crossings using ETCS Level 2
Wim Coenraad
Movares, The Netherlands

Maarten Bartholomeus
ProRail, The Netherlands

To inform our strategy, we have looked closely at the methods 
adopted for the Signalling Programme in Denmark, which is the 
largest comparable national roll-out of ETCS Level 2 using the 
Baseline 3 specifications. This found that the most significant 
factor affecting road closure times was not the type of signalling 
used but the underlying principles for activating a level crossing 
for the passage of a train. 

Constant warning times
Reducing the variation in road closure times is an important 
objective, not only to minimise the economic impact of 
unnecessarily delaying road or rail traffic, but also because there 
are indications that large variations in closure times increase the 
risks caused by impatient road users. If the variance in closure 
times is reduced, impatient road users are less inclined to ignore, 
or slalom around, the barriers.

While constant warning times may be the ideal, the ETCS level 
crossing activation principles could perhaps be better described 
as ‘predictable and harmonised warning time and minimised 
waiting time’. Although the Danish and Dutch approaches to 
level crossing activation using ETCS Level 2 Baseline 3 do not 
result in constant warning times, they do aim to reduce the 
amount of variation. However, our studies suggest that this may 
actually increase the average closure time. 

In the societal cost-benefit analysis that informed the choice of 
ERTMS roll-out scenarios for the Netherlands, limiting road traffic 
delays appeared to be one of the biggest potential benefits. 

Local variations
Level crossings in Europe are not covered by the interoperability 
directives, and are usually subject to national road and rail 
legislation. So the ‘look and feel’ for road users can vary from 
country to country, as can the interface with the signalling. 

A typical busy crossing scene in the Netherlands. Photo ProRail.
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In some countries, a crossing will always be interlocked with 
a signal, which indicates to the train driver when the crossing is 
‘protected’. Denmark follows this convention, but with the special 
condition that road traffic has priority and the default state of the 
crossing is open.

The Netherlands, on the other hand, follows North American 
practice, with level crossings considered to be fully autonomous 
fail-safe systems. In this arrangement, the signalling system 
only checks that the activation logic has not been disabled, for 
example by reversing the running direction on a bidirectional 
line. If all is normal, the crossing is activated when the strike-in 
point is passed by a train and no further checks are applied to 
make sure the crossing is working properly. 

Other countries, including the UK, follow a mix of these two 
approaches, where some crossings are interlocked with the 
signalling and others are fully autonomous. 

Constant warning time (CWT) crossing control systems are not 
new, being derived from the track-circuit based ‘grade crossing 
predictors’ developed in the USA. They are used predominantly 
on non-electrified lines, but attempts to use adapted versions in 
Europe have not been very successful. Some use axle counter 
technology with counter heads that can sense the passing 
axle speeds as well as the direction of travel. Studies in the 
Netherlands confirmed that the CWT principle was viable, but 
it was not pursued, because covering all of the conceivable 
scenarios was judged to add too much complexity.

activation principles 
In the Danish signalling project, the transmission-based activation 
system aims to minimise delays by optimising the timing of 
the activation of warning signals and barriers and efficient 
de-activation after the train has passed. Crossing operation is 
initiated and overseen by the national Traffic Management System 
(TMS) in line with the constantly-updated timetable, known as the 
Online Production Plan.

The Banedanmark specifications stipulate that a level crossing 
shall be activated, starting to close the crossing to road traffic, 
when a route is locked across the crossing, at a time where the 
approaching train is in such a position that it can receive the 
‘crossing protected’ status indication without having to brake, 

but not earlier than 15 sec before the train reaches the ‘pre-
indication’ point associated with the End of Authority (for at least 
99% of activations). This should apply under normal operating 
conditions, whether the train is running under an ETCS Full 
Supervision or On-Sight movement authority. 

In line with Danish traffic legislation, the level crossing must 
default to the ‘deactivated’ and ‘not protected’ status. Crossings 
may be kept closed to facilitate trains passing each other, but 
there is a maximum restriction time, after which the crossing 
should be opened to road traffic. Crossings must also provide 
a minimum open time for road users. However, a control centre 
operator can override the closure and opening commands as 
necessary.

In ERTMS terms, level crossings are treated as intelligent 
interlocking field equipment. Activation and de-activation 
commands are issued by the interlocking to the local controller, 
which operates the barriers, lights and acoustic warning devices. 
The level crossing controller then reports its status back to the 
interlocking using the fixed transmission network.

Traffic management
Under ETCS, every level crossing is protected by a marker 
board (MB) located up to 30 m on each side of the crossing area 
(figure 1). Each MB is an end or start point for a route. Activation 
of the crossing is initiated by the interlocking, and deactivation is 
done automatically as the train clears the crossing track section, 
unless inhibited by the TMS. 

For each timetabled train, the TMS sets a booked time for 
calling the route through the crossing into its daily production 
plan, with a margin for transmission and processing delays and 
a pre-configured margin for each type of crossing. When the 
intended train approaches and all routes are set up to MB2, the 
TMS issues a route command to the interlocking for MB2 – MB3. 
When the route is cleared and locked, the ETCS radio block 
centre (RBC) will extend the movement authority (MA) to at least 
MB3 and send this to the train, including the status information 
that the level crossing is not yet protected.

Based on this, the train’s on board Unit (OBU) will start to 
supervise the train speed using the beginning of the level 
crossing as the Supervised Location, rather than the End of 

 

Level crossing speed restriction, 
covering the road width

Level crossing

1m - 30m
(typical distance 10m) 

1m - 30m
(typical distance 10m) 

MB1

MB1MB2MB3

MB2 MB3

Figure 1 – Simplest layout of a full-closure level crossing, 
showing the location of the ETCS Marker Boards that 
protect the route through the crossing.
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ETCS AND LEVEL CROSSINGS

Authority supplied with the MA. When the train approaches its 
calculated pre-indication point, the OBU sends a request to the 
RBC that the level crossing be protected in time for it to receive 
an updated status before it has to start braking to stop at MB2. 
The MA request is forwarded to the TMS, which checks the route 
status and requests the interlocking to activate the crossing.

Optimisation of crossing warning and closure times is ensured 
by the TMS determining when to request activation, based on 
the crossing characteristics and the difference between Actual 
Train Speed and Warning Ceiling Speed at the time the OBU 
issues the MA request.

When the interlocking receives the activation request from the 
TMS, it sends the protection command to the level crossing 
controller, which then activates the barriers, road signals and 
acoustic warning devices. After the level crossing is ‘fully 
protected’, with the barriers detected in the lowered position and 
road signals activated, this information is transmitted by the level 
crossing controller to the interlocking, which informs the RBC. At 
this point the RBC can update the status information in the MA. 

In order for the train to receive the updated MA before reaching 
the pre-indication point, the margin in the MA request has to 
be equal to, or greater than, the delays in message transmission 
(figure 2). 

The minimum closure time for a full-barrier crossing is longer 
than that required for other types of crossings such as half-
barrier or warning lights, so the road closure time for such 
crossings could be longer than necessary. This can be mitigated 
by configuring a type-specific delay in issuing the activation 
command within the TMS. 

If a train reaches its pre-indication point before receiving the 
‘level crossing protected’ status indication, an audible warning is 
issued by the driver machine interface (DMI), and the brake curve 
supervision will be initiated as indicated on the DMI (figure 3). 
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Figure 2 – Elementary timing for the passage of a train through a level crossing.

Figure 3 – A braking curve will be indicated on the DMI if a train 
passes the pre-indication point and the level crossing has not yet been 
protected.

Obviously there are many variations to this simple algorithm, for 
instance where level crossings have two or more tracks, are located 
in or near station areas, or are connected to road traffic lights to 
prevent queuing over the crossing area. 

However, two important issues are evident. Firstly, for even 
in the simplest variant, the process is quite complex, involving 
many subsystems. As such it is likely to be susceptible to timing 
variations or disturbances. At the moment, the system is in the 
very early stage of testing and it remains to be seen how robust it 
will prove in practice.

Secondly, the methodology requires all trains to be entered in 
the online production plan with the correct data. Trains operating 
in degraded mode that have no movement authority will have to 
stop before reaching the crossing and then proceed under the 
driver’s responsibility.
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Speed-dependent activation
Such an interlocked process would cause significant problems 
in the Netherlands, where level crossing activation is typically 
designed to provide a minimum warning and closure time for 
motorists of just 25 s. In most cases this implies a strike-in point 
much closer to the crossing than the braking distance. Today, the 
barriers need to be closed at least 4 s before the train reaches 
the crossing, whereas in the Danish application the barriers must 
be closed and proven before the train reaches the pre-indication 
point. Adopting this approach would increase closure times 
significantly (figure 4).

Dutch level crossing control relies on the inherent fail-safe 
nature of the protection equipment, combined with the fact that 
rail has priority over road. It is assumed that a crossing which is 
activated will always lower its barriers and present the visible and 
audible warnings to road users. Strike-in is at nominal warning 
time (plus margins) at maximum line speed, considering the 
‘worst case fastest train’. This approach gives short closure and 
warning times, but it is subject to variations due to individual 
train performance.

To counter any increase in closure times following the 
introduction of ERTMS, we envisage a strategy of ‘controlled 
deferral’, where crossing activation is based on a train’s position 
reports, actual speed and acceleration. Suppliers bidding for 
the contracts will have to detail their proposed implementation 
method, but the aim is to achieve a speed-dependent activation 
which can be continuously optimised for actual train speed and 
acceleration.

Difference in train location when barriers closed
  • Netherlands: remaining evacuation time >4 sec
  • Denmark: (pre-)indication + time to revoke level crossing restriction

>4 sec

Barriers 
closed

Time to revoke level 
crossing restriction Pre-indication

Figure 4 – Comparison of the anticipated crossing closure times in the ETCS approaches for the Netherlands and Denmark.

The process begins by calculating the earliest possible arrival 
time of a train based on its current location, speed and potential 
acceleration. The system then calculates the optimum activation 
time for the level crossing using the required announcement 
time, with the process being repeated for each subsequent 
position report. In each cycle, the activation time is set to allow 
the earliest possible arrival. If a train could reach the crossing too 
soon, the system delays the issuing of the movement authority.

This process relies on the confidence interval ‘maximum safe 
front end’ included in a train’s position report. The timestamp 
of the position report and a safe synchronisation of train 
and trackside/RBC times are used to eliminate the impact of 
transmission delays. 

Using the actual train information, including maximum allowed 
speed, actual speed and train position, minimises deviations in 
the level crossing closing time, helping to achieve the constant 
warning time objective. The reduction in closing time would be 
most noticeable in situations where train speed is below the line 
speed, such as a freight train, or when a train is departing from a 
station. 

The use of ETCS train position information reduces the 
requirement for additional trackside train detection equipment 
to activate and protect the level crossing. It also eliminates the 
risk of late crossing activation due to detection problems such as 
loss-of-shunt.

about the authors ...
Wim Coenraad is a senior signal engineer at Movares and 
a past president of the IRSE. He has been involved in the 
development of ERTMS/ETCS since its inception, and is 
currently working on its implementation in Denmark. 

Maarten Bartholomeus is an ERTMS system expert at 
Prorail, and a member of the Dutch ERTMS implementation 
project team.
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PROFESSIONAL LIVES

News from the IRSE
Francis How

IRSE MATTERS

 

IRSE 2018 Convention
Booking is open for the IRSE’s 2018 Convention in Switzerland 
(28 May to 1 June) – but only until 31 March. The central theme 
of Convention 2018 is Safety in Long Railway Tunnels, and we 
have a full and varied programme to offer IRSE members and 
their guests/partners. The Convention is based at two locations, 
starting at Lugano and moving later in the week to Pontresina. 

This is a superb opportunity to see the Swiss railways, and 
in particular to understand how safety is ensured through 
signalling and other systems in the long tunnels for which 
the Swiss are renowned. A core highlight of Convention will 
be a visit to the 57 km Gotthard Base Tunnel (GBT), which 
opened in 2016. It is the longest railway tunnel in the world 
and one of the great engineering projects of the 21st century. 
The design, planning and construction of the GBT and the 
35 km Lötschberg Base Tunnel, which opened in 2007, have 
established Switzerland as a world-class centre of competence 
for building and operating railway tunnels of extreme length.

More information about the programme for the Convention, 
plus booking forms for the event and for hotels are all available 
on the IRSE website (irse.info/irsecon18). We recommend 
that you book as soon as possible – there is a limit on how 
many people can attend. We are offering bursaries for younger 
members – but applications must be received by 15 February 
(the application form is on the website). 

For more information, visit the Convention website: 
 www.irsecon18.ch.

Presidential Programme Technical Meeting:  
8 February, york
Join us in York for the fifth paper in our Presidential Programme 
series for 2017-18, on the subject of Continuous Improvement 
for Lifelong Learning, to be presented by Judith Ward on 
8 February.

Peter Symons’s 2017 presidential address concerned 
competence in the industry and he commissioned two 
presidential papers to be written and presented on this 
theme. This paper is the second of the two, and discusses how 
competence can be maintained and developed throughout 
the life of an engineer, to keep up-to-date with current systems 
and practices. As well as the role of the individual, the paper 
explores the part that employers and the IRSE have in assisting 
individuals to develop and retain their competence.

Visit irse.info/bd135 for more information about this event.

IRSE annual General Meeting and Dinner:  
27 april, London
The IRSE’s Annual General Meeting and Dinner will be held in 
London on Friday 27 April 2018, when our new President (for 
2018-19) Markus Montigel will deliver his Presidential Address. 
All are invited to the AGM, which takes place in the IET at Savoy 
Place.

If you or your company/organisation wish to book places at the 
Dinner (which takes place in The Savoy, next to the IET, please 
visit irse.info/a718m for booking details, or contact Hilary 
Cohen in the IRSE office via hilary.cohen@irse.org. This ever-
popular event sold out in about six weeks last year! 

Requirements Management for Systems 
Engineering: 19 april, Birmingham
We are holding a Seminar on 19 April 2018 on the subject of 
Requirements Management, at the University of Birmingham 
(UK). Make a note in your diary, and book online using the link 
below.

The day will include:
• Workshop session on what makes a good requirement.
• Requirements management on HS2 Main line north.
• Innovation using Goal Structuring Notation.
• Requirements of the EULYNX project.
• Requirements management of GRIP 5-8 projects.
• How to sabotage a project using requirements 

management.
More information and how to book can be found online - visit 
irse.info/pr7ig.

 IRSE – IEEE collaboration
The IRSE and the UK & Ireland Section of the IEEE have 
signed a Memorandum of Understanding, committing the 
two organisations to collaborate on events of mutual interest, 
professional development, and standards development. More 
specifically, we are aiming for the following:

• Where appropriate, invitations to be extended to each 
other’s members to attend events and meetings organised 
by one of the two organisations.

• Hold one joint event during 2017, possibly focused 
around the theme of “Ethical considerations when 
applying technology”, with a specific focus on rail and 
autonomous vehicles.

• IRSE involvement in IEEE standards development work 
where opportunities present themselves.

http://irse.info/irsecon18
http:// www.irsecon18.ch
http://irse.info/bd135
http://irse.info/a718m
mailto:hilary.cohen%40irse.org?subject=
http://irse.info/pr7ig
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SCOTTISH SECTION
annual Scottish Section Dinner

Frazer Howie

The second Thursday in November is traditionally the day that Scotland’s 
largest annual railway event, the IRSE Scottish Section Dinner, is held at 
the Marriott Hotel in Glasgow. This year was no different! 

The evening began with Andy Stringer (Siemens Rail Automation) and 
Graeme Christmas (Network Rail) making a final presentation of their 2017 
presidential programme paper “Low cost signalling”. This joint lecture 
set out the challenges the industry faces, in particular the affordability of 
signalling schemes. Taking their inspiration from Tony Howker’s “Have we 
forgotten the driver?” they challenged the audience to consider “Have 
we forgotten the customer?” The attendees appreciated the frankness 
of the discussion presented by Andy and Graeme, which led to a lively 
question and answer session after the lecture – so lively that the Q & A 
session had to be continued in the bar while the Marriott staff prepared 
the room for the dinner. 

This year the dinner attracted 282 members and guests, and had over 
20 companies represented on the corporate tables. IRSE Scottish Section 
Chairman Neil Thomson began the evening meal by introducing the top 
table and gave a special mention to Younger Member Sean Mutch of 
Aecom. Sean’s performance and enthusiasm for the section was noted 
by his managers and Neil was happy to accept their recommendation 
that he be given a seat at the top table. Neil stressed the importance 
of attracting developing engineers to these events to encourage 
engagement across the industry. Neil then gave the floor to retired 
member Bert Hope to give a rendition of Robert Burn’s Selkirk Grace 
before the meal began.

After the meal the section received an after dinner address from the 
new Managing Director of the Scotrail Alliance, Alex Hynes. He gave a 
humorous and topical speech which was well received, and the members 
and guests enjoyed hearing his plans to deliver the best railway Scotland 
has ever had. 

Also after the dinner, Andy Ridout of Advance TRS held his usual 
fundraiser in aid of Railway Children. This year a total of £3623 was raised 
by the dinner attendees, which Andy topped up to £4000. 

Once the formal dinner ended the members and guests enjoyed the 
extensive bar facilities at the Marriott until the small hours of the morning. 

As ever this event could not have gone ahead without the support of 
our sponsor SVM, represented at the dinner by Craig Thomas and Jamie 
Taylor, and our event’s organiser Peter Allan.

Andy Stringer and Graeme Christmas.

Alex Hynes, ScotRail Alliance, and Neil Thomson, IRSE 
Scottish Section Chairman.

Did you know ...
The IRSE Mentoring Scheme ...
is available for members who want help with their 
professional or career development. 

Most people benefit from having someone to help and 
support them manage their learning so that they can develop 
their skills and maximise their potential, particularly in the 
early stages of their career. 

The Scheme facilitates a managed relationship between 
the Mentor and the person being mentored (the Mentee) 
by helping them to step back from their daily work, reflect 
on and review their performance, and identify areas for 
improvement. 

More information about the Scheme is available at  
irse.info/xfaps – you will need to log-in to view it.

Step back, review, reflect.
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PROFESSIONAL DEVELOPMENT
IRSE Professional Examination – hints and tips

Judith Ward, Professional Development Manager, IRSE

Is sitting one or more modules in your development action 
plan? Here are a few hints for your preparation and studies. 
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DECEMBER

2018 IRSE Exam Calendar

28 February 2018
Deadline to submit your 
membership form if you are 
planning to sit the exam in 
2018 and are not already a 
member (any grade) of the 
IRSE.

28 april 2018
Deadline to submit your 
sponsor declaration form 
(SDF).

31 May 2018
If deferred by your sponsor: 
deadline to submit your 
second sponsor declaration 
form (SDF).

30 June 2018
Deadline to apply for the exam 
modules which your sponsor 
has signed you off for.

5 and 6 October 2018
Depending on where the exam 
takes place.

Did you know?
• Studying for and sitting the exam counts towards your 

CPD.
• The exam be used as a ‘top up’ on your route to CEng 

depending on your qualification level .

• There are a number of study groups worldwide to 
support you studying for the exam, and passing it can 
help you gain Associate Member or Member grade.

• The exam tests your knowledge and understanding of 
railway systems, not just your day-job work.

• Many sit the exam to demonstrate their knowledge and 
ability to their employer, future employer and colleagues.

!
PANIC

One of the keys to success is 
to start early. The dates below 
are the latest dates by which 
milestones must be achieved.
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Find out the facts: your 
initial preparation
• Find out what are the expectations of 

exam – what academic level, syllabus, 
modules.

• Find out how to gain knowledge – your plan to fill in 
gaps in your experience and knowledge.

• Find out how you study best – what time of day, where, 
study group, support network.

• Are you ready – do you know when the deadlines for the 
IRSE processes are?

• If there’s not a study group near you, think about forming 
one, or just buddying-up with a colleague.

• Tell your manager that you are planning to take the exam 
and ask for their support.

• Find a Sponsor – a MIRSE or FIRSE.

Learn: your research and 
learning – it’s never too 
early to start
• Learn, read, listen, ask, read more!
• Stick to the syllabus: it’s easy to get distracted.
• Use all the IRSE resources available; study guides, past 

papers, sample answers, study groups, textbooks, 
technical talks, technical papers, technical visits.

• Discuss study plans with your Sponsor.
• Think about what assumptions you need to make for your 

answers and why – country, type of infrastructure, etc.

FEBRUARY

1
2018

FEBRUARY

17
2018

Investigate: not 
everything is written 
down in a handy IRSE 
study guide!
• Go to study groups, use exam forum, ask colleagues.
• Talk to your Sponsor.
• Try to go on site visits, find photos and videos of site 

information.
• Go on technical visits, watch videos and documentaries.
• For Mod 1, think about other industries.

APRIL

2
2018 Prepare: and practice

• Prepare for exam day – location, time, 
date, travel arrangements, special 
arrangements.

• Prepare for completing your paper - number of questions, 
colour of ink, how long per question/mark.

• Look at sample answers to look at how others have 
answered them.

• Look at past papers and start to complete them – prepare 
outline answers, then full answers, then full papers – in 
time restraints.

• Discuss answer(s) with study group, buddy, Sponsor, 
colleagues.

• Practice writing for 1.5 hours at a time.
• Practice writing out your assumptions.

MAY

1
2018

Pre-exam – Prepare: 
practice, practice
• Read the instructions – number of 

questions, how many marks, etc.
• Read the question – what are key 

words, what is it asking, how many marks per sub 
question.

• Answer the question – define your assumptions, practice 
writing for 1.5 hours.

• Practice the whole paper(s) in full exam conditions.
• Ask someone(s) to review your answer(s).
• Practice some more.

JUNE

25
2018

5/6 October 2018  
Exam day
• Give yourself plenty of time to get there.
• Bring what you need.
• Don’t panic!
• Read and follow the instructions.
• Read the questions.
• Answer the questions, don’t just tell the examiner what 

you know about the subject.
• State your assumptions.

OCTOBER

5/6
2018

after the exam – Relax
• Relax and spend time with friends 

and family.
• Think about doing more modules 

next year! (You need to pass 
modules, including mandatory 
Module 1, to pass the exam in full.)

OCTOBER

7
2018

For more information, visit the IRSE website:
• For the exam itself, visit irse.info/irseexam.
• For the IRSE website knowledge area, irse.info/knowledge.
• For technical paper webcasts, irse.info/webcasts.
In each case more information will be available once you are 
logged in.

You should start as early as possible for each phase 
of preparation, with the following being the latest 
dates for each stage.

http://irse.info/irseexam
http://irse.info/knowledge
http://irse.info/webcasts
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SWISS SECTION
Equipping Rosshäusern Tunnel west of Bern

George Raymond

IRSE SWISS SECTION

On 20 October 2017, 22 members and guests of the IRSE Swiss 
Section visited the new 2.1 km Rosshäusern Tunnel on the BLS 
line between Bern and Neuchâtel. The tunnel’s concrete shell is 
complete and railway equipment is being installed. The tracks 
will go in last and trains will start running through the tunnel from 
September 2018.

BLS is Switzerland’s second-largest standard-gauge railway after 
the Swiss Federal Railways. Switzerland’s standard-gauge railway 
network comprises 3846 route-km of lines. From its dispatching 
centre in Spiez, the BLS infrastructure division supervises train 
movements on 520 route-km of lines in the Bern region and 
to the south through the Lötschberg and Simplon tunnels to 
Domodossola in Italy.

Markus Sägesser, BLS project manager, his colleague André 
Schweizer and Markus Hertnagel of Rhomberg-Sersa were our 
hosts.

Rationale
Rosshäusern Tunnel will replace 2.4 km of sinuous single track, 
including a 1 km long tunnel, that opened in 1901 and sees three 
BLS trains an hour in each direction. Speed is limited to 90 km/h 
on the segment, which until 2013 hosted Paris-Bern TGVs. The 
line shares a narrow valley with the Flüelebach, a troublesome 
stream. BLS and its predecessor railways have struggled with 
water both along the line and in the tunnel. Both need major 
repairs. Building a new tunnel lets BLS avoid these repairs and 
attendant service interruptions. 

BLS expects the new Rosshäusern Tunnel to last 80 to 100 years. 
The new tunnel will straighten the line, shorten it by 300 m and 
accelerate trains to 160 km/h. It is part of a 4.1 km track-doubling 
project whose biggest impacts will be better timetable stability 
and – combined with future upgrades further west – more 
capacity. 

The project was initially budgeted at 200 million Swiss francs, 
including 7.5 million to upgrade Rosshäusern station. 

Evacuation by design
A focus of the tunnel’s design was evacuation in an emergency. 
A 50 metre-high shaft at the tunnel’s midpoint, about 1 km from 
each portal, will let passengers and train crews escape via stairs 
and a lift. 

In an emergency, passengers will detrain onto one of the 
walkways along the tunnel’s walls. A permanently lit handrail 
will guide passengers to the nearest portal or the escape shaft. 
Passengers on the south walkway will descend onto a level 
crossing to reach the escape shaft on the tunnel’s north side. 
Ventilators will keep air pressure in the shaft higher to repel 
tunnel smoke.

BLS has built roads to the tunnel portals for first responders, 
who can cut off power in the tunnel if appropriate.

Construction
The first part of the track-doubling project was rebuilding 
Rosshäusern station, east of the tunnel, which was complete in 
October 2013.

The tunnel – with up to 57 metres of overburden – was dug 
through molasse deposits and sandstone containing thick layers 
of marl, which is lime-rich mudstone containing clays and silt. 
Springs can run through this material, which decomposes into 
clay-filled sand. The construction spoil was of such poor quality 
that it could not be used in concrete or even as fill.

When workers began to dig the tunnel in May 2013, they 
blasted the tunnel’s full cross-section as they proceeded. But the 
ground’s stability was even worse than expected: Left alone, the 
weak rock would encroach into a newly excavated tunnel section 
within 3 to 4 hours instead of the usual 3 to 4 days. Workers had 
to spray concrete immediately to stabilise the rock. They also 
encountered more springs and water than expected.

From January 2014, BLS therefore adopted new methods: 
workers excavated only the arched top half of the tunnel initially, 
drilled more stabilising rods into the hill and immediately 
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Today’s sinuous single track and the double-track tunnel that will replace it. Diagram BLS. 

BLS rebuilt Rosshäusern station but retained its Siemens Domino 67 
interlocking and the signals for the since-lifted points of a third track 
that served industries here. Eastbound drivers thus see three sets of 
signals within 530 metres. 

Trains on the existing line run through a deep and sinuous cut that they 
share with the Flüelebach, a troublesome stream.  

At the east portal, Markus Sägesser describes the challenges of the still-
trackless Rosshäusern Tunnel. The existing line, which sees six trains per 
hour, is on the right. 

The tunnel has not received its tracks, but the access door to the 50 m 
high escape shaft at the tunnel’s midpoint already bears labels in three 
languages. All photos George Raymond.
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installed a reinforced-concrete liner after each digging step. 
These measures cost an extra 65 million Swiss francs. 

The breakthrough in the tunnel’s top half came on 2 June 2015. 
The tunnel’s bottom half was then dug out, with no further 
blasting. Final work on the tunnel’s concrete walls began in spring 
2016 and installation of railway equipment in summer 2017. Train 
service through the new double-track Rosshäusern Tunnel will 
start in autumn 2018, and BLS will return the old right-of-way to a 
natural state by 2020.

Install the tunnel equipment first, then the tracks
A consortium led by Rhomberg-Sersa (ARGE RS) is installing the 
tunnel’s railway equipment, including track, catenary and signals 
but also power supplies for lighting, ventilation and the escape 
shaft’s sliding door, lift, and cables for telecommunications and 
signalling, together with fire hydrants. A central supply powers 
all functions except the interlocking, which BLS is installing 
itself. The escape shaft and the two portals are equipped with 
antennas, and a leaky-feeder cable runs through the tunnel.

Most cables run along the tunnel’s north wall. The tunnel’s 
concrete liner feeds water to a drain pipe running along the 
south wall. The tunnel is on a 2% downgrade westward, the same 
direction as the Flüelebach, whose bed the tunnel will liberate.

Originally, BLS had planned to install track in the tunnel first, 
but ARGE RS argued that installing track last would allow using 
road vehicles to install the other equipment. Workers are thus 
installing cables first, then the tunnel’s technical rooms and 
equipment, and finally the track.

BLS plans to activate the south track through the tunnel on 
3 September 2018. Materials from the old line will then be 
evacuated via Rosshäusern station’s north track. The north tunnel 
track is to enter service on 14 October 2018.

Interlockings from two makers
The tunnel’s interlocking, a Thales Elektra, will be in the upper 
floor of technical rooms built into the tunnel’s east portal and 
control Swiss type N signals of the newest generation, including 
six in the tunnel. BLS sought to keep equipment out of the 
tunnel, but the escape shaft has an equipment room at its 
base to control the shaft’s sliding access door, lift, lighting and 
ventilation. At Rosshäusern station, BLS decided to retain the 
Siemens Domino 67 interlocking, which controls older type L 
signals, considering it too recent to replace. 

Maintenance 
In a departure from practice in longer Swiss tunnels, catenary is 
wire (not a fixed rail) and track is ballasted (not cast in concrete). 
This avoids special installation and maintenance equipment. 

Track
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Work packages:
WP1: Track
WP2: Signalling equipment 1)
WP3: Traction power supply
WP4: Low-voltage equipment
WP5: Telecommunications, radio
WP6: Ventilation, temperature
WP7: Interior installation

1) Except interlocking BLS ARGE RS

Project interfaces for Rosshäusern Tunnel. Diagram BLS.

Division and sharing of labour between BLS and its general contractor, ARGE RS. 
Diagram BLS.

Signs will show passengers the distance to the nearest 
portal and the escape shaft. Photo BLS.
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For inspection or maintenance work, one track will close and 
trains will run at restricted speed on the other. The tunnel walls 
contain no refuges for workers, but each worker will carry a 
device providing visual and acoustic warning of approaching 
trains. The devices and their permanently installed activation 
system will be supplied by Schweizer Electronic.

Restoration to a natural state
Once both the tunnel’s tracks are in service, BLS will return the 
abandoned railway line, project access roads and worksites to a 
natural state. Piles of topsoil removed at the start of the project 
are visible and ready.

Viaduct next
A next project, which BLS plans to complete by 2021, is to fit 
the 400 m Saane Viaduct just west of Rosshäusern Tunnel with 
a second track. Further west, however, beyond Gümmenen, the 
track will remain single and limited to 90 km/h. So BLS can look 
forward to more projects.

The 2.1 km Rosshäusern Tunnel will replace an existing 
line segment, 300 m longer, whose 116-year-old 
infrastructure needs major repairs.  
Photo BLS.
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FEEDBACK
Re: “What comes after GSM-R”: A better approach?
I enjoyed the paper by Clive Kessell and Paul Darlington on 
“What comes after GSM-R” which described the Future Railway 
Mobile Communications System being developed by the 
industry, based on LTE/5G radio technology. It is great to see a 
debate being instigated on what the future may be.

However, I believe the thinking needs to change. We are 
not in the same place as we were before GSM-R, trying to 
choose between different market technologies for a railway-
owned system. Telecommunications technology is a moving 
target and railways are far too slow to keep up, especially with 
standardisation and interoperability requirements. If we do the 
same thing again, we will create the same problem again!

The railways need to get the benefits from fast-evolving 
telecoms technology without being tied to it.

We have a comprehensive, agreed function set in GSM-R, for 
voice radio and ETCS train control and I doubt it needs changing 
much. Treating this function set as an application, so we don’t 
need to worry about the bearer technology, is surely more likely 
to result in an economic and sustainable solution for the railways.

Adding Wi-Fi for passengers to the railway function set would 
give rise to market competition issues, which in turn would 
create issues in the ownership and control of the system. It is 
also probably unnecessary because the market can provide Wi-Fi 
for passengers in most places, albeit after a bit of government 
encouragement. 

Passengers using Wi-Fi on trains don’t know or care which 
network technology they are using. Existing on-board systems 
use a variety of commercial networks, sometimes at the same 
time, depending on availability. This is ‘bearer independence’ 
and if railway operations really need something different then 
we do need to understand why, because the cost of a 5G system 
and its spectrum is going to be enormous, and the disruption 
involved in getting there will be considerable.

Bearer independence works at the fixed end of the system too. 
The GSM-R signaller’s terminals and their system can be adapted 
to interface with other radio systems. This has already been done 
in Finland, where the railway is migrating away from GSM-R, 
whilst retaining the same signaller’s terminals.

We should also remember that the railway operational 
requirements for voice radio and train control are modest in 
terms of their bandwidth. A narrowband system would suffice, 
and this could be economically provided over a digital private 
mobile radio at 900 MHz, to allow re-use of GSM-R lineside 
infrastructure. Such a system would provide a safety net and 
could alter the availability/risk liability approach to network 
providers. Such a system might be the sole system in remote/
lightly used areas, or at night, even where ETCS is provided, and 
where 5G provision will remain uneconomic. 

This alternative approach should be quicker, cheaper and far 
less disruptive to the railways, building as it does on the existing 
infrastructure and the agreed specifications. We need to adapt 
our thinking to the new circumstances, in order to avoid wasting 
a lot of time and money! 

Paul Jenkins, Past President IRSE

YORK SECTION
york Dinner speaker announced!

The York Section of the IRSE is pleased to announce that 
the guest of honour for the dinner on 15 March 2018 will be 
Warrick Dent, safety and operations director, Virgin Trains 
East Coast. Warrick has a high profile role at a major train 
operating company and previously as an area director at 
Network Rail. For further details of the dinner please see the 
announcement in December 2017 IRSE NEWS or use the 
link irse.info/yorkdinner.
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YORK SECTION 2018 ANNUAL DINNER

The 60th York Dinner will be held at the National Railway museum  
on Thursday 15 march 2018 (19:00 for 19:30)

Our sponsor
The Annual Dinner is generously sponsored by Siemens Rail 
Automation UK enabling us to hold the event at the National 
Railway Museum while only charging £45 per head.  Tables 
seat ten people and can be booked in whole or in part. 
The setting
2018 is our 60th Annual Dinner but only our second at the 
National Railway Museum in York. The NRM is an exciting 
and iconic venue reflecting Britain’s rich railway history and 
having a reputation for excellent catering served in a splendid 
setting. We invite all IRSE and rail industry members to bring 
their partners, guests and friends to join us for what is always 
a most enjoyable evening. We particularly encourage those 
booking corporate tables to widen their guest list to families 
and friends.

Hotels and parking
The National Railway Museum has free parking and is only 
five minutes’ walk from York Station. There is a wide range of 
hotels within easy reach which can be booked through  
www.visityork.org/book (no booking fees) or through any 
major booking agency.

booking
Please contact Ian Moore: email ianmooreirse@hotmail.co.uk   visit irse.info/yorkdinner or call 01904 761944. 

Guest Speaker
We plan to have an eminent Guest of Honour at the event – 
look out for an announcement soon!

Our charity
Our chosen charity is the Railway Children. It was founded in 
1996 to rescue street children who have run away to escape 
from poverty, abuse, violence and neglect. Many are to be 
found sleeping rough at their local railway station. Over the 
last 20 years, Railway Children has helped 270 000 homeless 
children in India, East Africa and, yes, the UK find the help and 
essential support that they need. You have been generous in 
the past so please come ready to empty your wallets in order 
for us to raise a record amount to support the children. It is 
the least we can do for these innocent victims.

Photo Wikimedia/Nilfanion.

The missing link
We frequently provide links to websites in IRSE NEWS. To 
avoid providing very long and complex addresses, we have 
previously used the bit.ly shortener service, which creates links 
like http://bit.ly/2cKEn4A.

Now we use a different approach for some of our links from 
this issue of IRSE NEWS, with our own ‘irse.info’ links.

This lets us use tailored links like  
http://irse.info/knowledge, or to create simpler five-
character links like http://irse.info/pr7ig.

Most modern web browsers don’t even need 
the ‘http://’ at the start of the link, allowing you 
to type something simple like  
irse.info/knowledge.

Other advantages that we can’t realise with 
the services like bit.ly are that we can now 
amend links if they change or we’ve got them wrong, and that 
we can see how many people used each of the links.

If you press the wrong button, or if we’ve made a mistake in 
the link, you’ll find yourself back at the IRSE website.

http://irse.info/yorkdinner
http://irse.info/knowledge
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