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NEWS view 240
Matters of millimetres, pascals and light 

I recently attended ASPECT 2017 in 
Singapore. This highly successful and sold 
out event justified our decision to hold 
the 9th ASPECT Conference away from 
London for the first time, kudos to the 
organising committee and the Singapore 
Section for hosting.

On the opening day I signed a 
Memorandum of Understanding on behalf 
of IRSE with Er Edwin T F Khew, President 
of Institution of Engineers Singapore (IES), 
this MOU in short, is to promote, facilitate 
and extend professional links between 
IRSE and IES, for the benefit of the 
members of both organisations and the 
benefit of the general public, and to assist 
in advancing the quality of engineering 
practice.

Highlights from the ASPECT 
presentations for me were that rail system 
operation was about millimetres (mm) 
and the related fractions of a second. 

Examples were for metro operational 
tolerances in mm due to short safety 
distance margins under automatic 
operation. Also measured in mm was 
the need to accurately align train doors 
with passenger screen doors. The level 
of system engineering to achieve these 
stopping tolerances extended to having a 
deep understanding of the vehicle braking 
systems. 

Other integration, typically by the 
signalling supplier of the Platform Screen 
Door (PSD) sub-system was focussed 
on minimising the “wasted” technical 
time between the train stopping and the 
train doors/PSD opening, that required 
interfacing with the rolling stock supplier 
and signalling supplier’s systems.

Another presentation dealt with the 
development of a new approach to 
the ground coil (balise) used by the 
Shinkansen, in Japan. This was 30-year 

old technology and was not capable for 
speeds above 350 km/h. Analysis of the 
position of the ground coil was again a 
case of correct placement in mm to avoid 
from interference from rebar in the track. 

Finally, to the wheel-rail interface. Two 
different ways were outlined for new axle 
counter wheel sensor developments using 
fibre optic technology; one detecting very 
small changes in the shear stress in the 
rail, another using sound waves. Both of 
these were using measurements related 
to the bending of light and colour in the 
fibre.

All of these instances further convinced 
me that the devil is always in the detail 
and modern systems have complex 
interactions with other systems that need 
to be well designed and integrated to 
achieve the desired performance.

Peter Symons 
President
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The Ordsall Chord in Manchester went 
into service in December 2017. The new 
chord will allow trains from the east of 
Manchester to be routed around the 
north of the city via Manchester Victoria 
and Oxford Road to the airport. This 
will remove the need to cross the path 
of other trains from the south using 
Manchester Piccadilly and eliminate the 
need for trains to reverse. The benefits 
will be new direct links to Manchester 
Airport from across the north of 

England and the congestion currently 
experienced at Manchester Piccadilly 
will reduce by a quarter. Straddling both 
the River Irwell and Trinity Way, the 
new bridge, beyond the signals on the 
cover photo, sits alongside Stephenson’s 
Bridge – a masterpiece designed by 
George Stephenson and built in 1830. 
The new 1,600 tonne single-span network 
arch bridge is the second longest in the 
world to carry twin heavy-rail tracks. 
Photo John Manock.
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THE FUTURE FOR TRAIN RADIO

This, the third paper in the presidential programme 2017-18, 
was presented in Birmingham on 6 December 2017.

What follows GSM-R?
Paul Darlington
Managing Editor, IRSE NEWS 
Engineering Writer Rail-Media Group

Clive Kessell
Past President, IRSE 
Engineering Writer Rail-Media Group

GSM-R train radio has had great success both in Europe and 
further afield. Based on 2nd generation (2G) GSM technology it 
has benefited from the economies of scale of development and 
production from its GSM heritage. It has been a cost effective 
digital replacement for the previous incompatible analogue 
railway radio networks and at least 35 different GSM-R networks 
exist in Europe alone. It is used internationally, for example in 
Australia and Asia, China having largest GSM-R deployment with 
33 750 km of route covered. Support for GSM-R has been agreed 
until 2030 and there are features which are still to be exploited 
and developed; however, the search for a successor to GSM-R 
has begun, and it is likely to be based on 4G/5G Long Term 
Evolution (LTE).

In the UK the origins of train radio go back a long way and 
on 2 November 1977, Clive Kessell presented a paper to the 
IRSE London meeting entitled “The Development of Radio 
Communication between the Signalman and the Driver”. 
The paper attempted to promote interest within the railway 
community and the Government with the message that 
investing in train borne radio technology would give greater 
operating flexibility, plus a much needed improvement in safety 
management.

The crux of the talk was the radio system then being advocated 
by the UIC as a standard across Europe. Developed by the West 
German Railways (Deutsche Bundesbahn) in conjunction with 
the company AEG-Telefunken, it was to become specification 
UIC 751-3. The basis was a four-frequency channel in the UHF 
band (three transmit frequencies and one receive frequency) 
with the base stations arranged in cyclic rotation of frequencies 
so as to minimise co-channel interference in overlap areas. 
Essentially aimed at secure voice communication between train 
driver and dispatcher / signaller, the system employed low speed 
data signalling by frequency shift keying (FSK) to control the 
speech set up and to provide coded data messages for standard 
instructions, such as speed up, slow down, prepare to talk. A 
general call and an emergency stop message were part of the 
specification. The system was eventually purchased on a limited 
scale in the UK and deployed on the suburban networks out of 
Kings Cross and St Pancras stations in London. Figure 1 shows 
the general layout of the UIC 751-3 system.

A lot has happened in the development of track to train radio 
in the intervening 40 years but most of the principles set out in 
UIC 751-3 still hold good. Then as now, complete radio coverage 
has to be assured as any gaps will mean loss of contact, which 
can lead to accidents occurring (and indeed has done). Many 
of the predictions on future usage and facilities have come to 
fruition but also the constraints that made the operators wary of 
radio communication remain a restriction today. So, where have 
we gone since 1977 and what does the future hold?

Figure 1 – From Clive Kessell’s 1977 paper, the general layout of the UIC 
751-3 system deployed on the suburban networks out of Kings Cross 
and St Pancras stations in London.
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allocation of spectrum and realisation of GSM-R
Then - as now - the acquisition of radio frequencies was a difficult 
subject, licensing authorities across the world being reluctant 
to allocate channels to specific groups of users who would not 
make efficient use of the spectrum. The 751-3 specification with 
its four-frequency channel was disliked by the UK Home Office 
(then the radio spectrum controller) and pressure was put on 
British Rail to re-engineer its track to train radio projects so that a 
standard two frequency channel could be used. Thus, emerged 
the BR 1845 (Train to Signal box Radio System) specification that 
incorporated all the facilities of the UIC system while making 
use of a common one way (ground to train) signalling channel 
throughout the area of operation, with a number of traffic 
channels being available to which the train mobile would be 
switched whenever a data exchange or voice conversation was 
required. The system was known as Cab Secure Radio (CSR) and 
served British Rail well in specific dense traffic suburban areas for 
over 30 years.

However, both UIC 751-3 and BR 1845 became obsolete once 
the public mobile networks began to develop, something better 
was needed and so emerged GSM-R. By the early 1990s, serious 
thought was being given by the UIC as to a new standardised 
track to train radio network across Europe, but what technology 
should be adopted? Two options existed – GSM or TETRA 
(Terrestrial Trunked Radio, originally Trans-European Trunked 
Radio) – with strong advocates for each. A broad based analytical 
exercise was carried out to assess the strengths and weaknesses 
of both, by a research company based in Guildford. Whilst TETRA 
may have had a slight edge technically, it was at the time very 
much a technology looking for a market whereas GSM was well 
established in the public mobile domain with huge quantities of 
equipment being produced. 

GSM was the eventual choice based upon long term 
commercial prospects. However, the technology needed to 
be adapted for railway use, primarily to allow functional and 
location addressing, priority and pre-emption calls, a general 
call facility and a means of contacting control and other 
trains in an emergency. Via the EIRENE (European Integrated 
Radio Enhanced Network) project, the GSM-R specification 
was developed. Designed as primarily a system for voice 
communication, it nonetheless had data capacity, which has 
enabled it to be the bearer for ETCS (European Train Control 
System) signalling applications. The advent of GPRS (General 
Packet Radio Services) has improved the data capability but it 
has taken time for signal engineers to accept the integrity of this 
for ETCS operation as compared to the previous circuit switched 
connection. Figure 2 shows the general system layout of a 
GSM-R system.

A major challenge was persuading licensing authorities across 
Europe to allocate dedicated radio frequencies for railway use. 
After long and hard discussions and with a degree of political 
pressure the European Telecommunications Standards Institute 
ETSI were persuaded to allocate 4 MHz of spectrum in both the 
uplink and downlink directions. These are: 876 – 880 MHz Train 
to Ground; 921 – 925 MHz Ground to Train. The channels are 
adjacent to the public mobile 2G allocation, making the basic 
elements of the radio compatible with the public networks. 
Recent expansion of the public bands to frequencies encroaching 
on the 10 MHz ‘guard bands’ provided to protect the UIC 
allocation has caused interference problems to emerge in some 
countries, requiring improved filters to be fitted to GSM-R radios 

The GSM technology with which GSM-R was developed is 
now outdated and it is only a matter of time before the public 
networks are switched off. Whilst guarantees have been given 
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Figure 2 – the general system layout of GSM-R.
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to keep GSM-R active until at least 2030, the supply industry 
will be increasingly reluctant to manufacture new equipment to 
this specification and so price increases for radio provision will 
inevitably occur, and the availability of people competent to look 
after it will fall.

Replacing GSM-R with a more modern technology is inevitable 
but it is a difficult choice and is beset with operational and 
logistic challenges as well as that of ensuring that the resultant 
engineering is fit for purpose. Any future specification must 
take heed of how the principles for track to train radio have 
developed, whilst building in a much greater data handling 
capacity required for the modern Digital Railway and society’s 
expectations. GSM-R is predominantly for operational voice 
communications with limited data capability. The vision for 
the next-generation system is not only to fulfil operational 
requirements, both voice and data, but to also service 
business applications such as asset performance and condition 
monitoring, together with traveller facilities such as on-train 
Wi-Fi, customer information and ‘infotainment’. GSM-R with its 
limited data capability of a few kbit/s, is incapable of meeting all 
these emerging demands. So, what are the options?

Third-generation technology (3G)
3G was introduced in 1998 and has expanded across the 
world since then. The requirement to provide for text, email, 
photography and voice connectivity within a mobile set was 
achieved by faster and more efficient means for packet data 
transmission giving much improved Internet access, video calls 
and mobile TV. Data rates of 200 kbit/s were introduced with later 
3G releases providing mobile broadband access of several Mbit/s 
to smartphones and modems in laptop computers. However, 
the insatiable demand for more and more services together with 
ever advancing technology has meant that an improved data 
rate and additional facilities for mobile services needed to be 
developed. When replacing GSM-R was first mooted around 10 
years ago, 3G would have been the logical replacement but the 
world has moved on since then and that is no longer a realistic or 
commercial option. Figure 3 shows typical radio handsets for the 
generations of mobile radio.

Fourth-generation technology (4G)
The next milestone in meeting the demand for greater data 
throughput has been the introduction of 4G, the specification for 
which was issued by the International Telecommunications Union 
– Radio (ITU-R) in 2008. It called for peak speed connections 
of 100 Mbit/s for high mobility communication typically from 
cars and trains, 1 Gbit/s for low mobility communication to 
pedestrians and people standing still. The spread spectrum 
technology used in 3G was replaced by multi-carrier transmission 
and frequency-domain equalisation techniques, which make 
it possible to transfer very high bit rates despite extensive 
multi-path radio propagation such as found in city areas by 
reflection and echoes off buildings. The peak bit rate has been 
subsequently increased by the use of smart antennae arrays for 
multiple-input multiple-output aerials (MIMO). Figure 4 shows 
how the faster throughput in each generation of mobile radio has 
been influenced by more complex multiplexing techniques.

When designing 4G, a key element was to use IP (Internet 
Protocol) to transport all services, both voice and data. From 
this has come the Evolved Packet Core (EPC) developed from 
the packet switching architecture of GPRS. Circuit switched 
connections are therefore no longer an option and traditional 
circuits to carry voice and short messages are replaced by IP-
based solutions. All of this has led to the terminology Long Term 
Evolution (LTE).

4G LTE consists of the IP based EPC which includes a service 
gateway (SGW), packet gateway (PGW), mobility manager (MME), 
policy and charging rules function (PCRF), home subscriber 
server (HSS) and IP multimedia subsystem (IMS) plus an access 
radio network to connect the EPC core network to the LTE base 
stations. The basic proposition emerged in late 2009 and became 
a standard in March 2011

4G networks began to roll out for public mobile use in 
2013. Things have moved on rapidly since then and 4G LTE 
is now a commercially available technology that is used all 
over the world. There are at least 331 4G LTE networks in 156 
countries with approximately 300 million 4G users worldwide. 
It is truly an international system, so the amount of research 
and development, support, competency and availability of 
systems dwarfs anything the rail industry could resource for any 
alternative bespoke solution. 

4G for Rail Use
4G has been seen as the natural successor to GSM-R. It should 
offer the opportunity of having a single track to train radio system 
for operational, security and customer purposes by incorporating 
voice and data for train control, train management, train 
performance monitoring, on board video surveillance, trackside 
staff communication, trackside warning systems, as well as 
infotainment and Wi-Fi for passenger communication services. All 
of this would be on a single IP based converged network.

If this is to become a reality, then the resultant network will 
need to embrace a whole host of applications ranging from high 
security SIL4 usage when acting as a bearer for train control 
systems through to service enhancements such as passenger 
entertainment. All of this will be a challenge for the security 
protocols to be guaranteed. It is known that 2G GSM-R with 
its relatively crude encryption and authentication can be fairly 
easily decrypted by those who make it their business to do such 
things so that the security for ETCS operation must be built into 
the interlockings and movement authority commands, with no 
dependence on the radio link. However, 4G systems have much 
improved security protection with evidence so far suggesting that 
decryption is virtually impossible. It remains to be seen whether 
this will remain the case.

Figure 3 – Typical radio handsets for the generations of mobile radio.
Photo Shutterstock/Pompom.
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The packet switched architecture developed for 2G data 
services is much enhanced with the advent of the Evolved Packet 
Core (EPC), but the circuit switched option, beloved of some 
signal engineers who like the comfort of having a permanently 
connected link between control centre and each individual train 
is not available.

4G remains a radio system and the laws of physics in terms of 
propagation have to be recognised. However, changes to both 
the pathing and components of an aerial system evolved with the 
advent of 3G and will continue with the deployment of 4G.

Instead of the traditional MSC (Mobile Switching Centre), BSC 
(Base Station Controller) and BTS (Base Transceiver Station), all 
as separate units requiring associated accommodation, cabling 
and power supply, the revised configuration sees a more efficient 
way of launching the radio signal, which is all important if the 
frequencies to be deployed are in the gigahertz range with 
transmitting points needing to be closer together. The radio 
commands will continue to be generated from the MSC which 
will capture the data from signalling centres, traffic management 
centres, public mobile operators, social media providers and 
so forth. MSCs need be few in number, typically only two for 
an entire railway network and this number only to provide 
duplication for disaster recovery purposes. From here the data 
commands and information are sent to a series of Baseband Units 
(BBUs) located at convenient places along the rail route where 
accommodation and power is available in an environmentally 
controlled building. 

Typically the connection from MSC to BBU will use the railway 
fibre optic cable and IP transmission network now commonplace 
in the developed world. Use of a public telecom provider 

connection would be an alternative if a high quality internal 
network was not available. From the BBU, fibre connections 
(either dedicated or using spare fibres in a railway cable) will link 
to a series of RRH (Remote Radio Heads) that are small in size 
and which can be mounted close to either the aerial or radiating 
cable launch point. This has the advantage of eliminating long 
lengths of co-axial radio frequency feeder cable from the BTS to 
the antenna system. It can also obviate the need for a dedicated 
30-metre-high tower or mast since aerials can be mounted on 
overhead line electrification stanchions, signalling gantries or any 
other convenient building or structure near to the railway line. 

There is effectively no limit to the distance an RRH can be 
from the BBU; a few tens of metres or several kilometres, it 
will depend on the radio frequencies and characteristics being 
deployed plus the amount of overlap coverage required. They 
are unobtrusive and minimise the visual impact. Resilience is 
also improved as RRHs can be connected to more than one 
BBU thus maintaining propagation if a BBU fails. It is anticipated 
that adjacent RRHs can transmit the same radio frequency thus 
creating an elongated cell with need for less handovers between 
radio areas as trains progress along a route. This has important 
implications for high speed lines where handovers would occur 
very often were traditional radio architecture used. All of this 
means that revised rules will be needed on how the radio system 
and its coverage are planned and modelled.

Rail experience of 4G to date
At the Berlin Innotrans exhibition in 2016, a number of 
companies made an effort to promote their understanding 
and commitment to replacing GSM-R with a 4G solution. The 
situation at that time revealed a number of initiatives.
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Figure 4 – Better data thoughput in each generation of mobile 
radio has been influenced by more complex multiplexing 
techniques. The colours represent different channels of data.



IRSE NEWS |  ISSUE 240  |  JaNUaRy 20186

THE FUTURE FOR TRAIN RADIO

• Huawei. Already has 4G radio technology in use in the rail 
sector with investment continuing into various aspects of 4G 
rail applications. Twelve metro networks are currently using 
4G radio with nine more contractually committed. These 
are essentially radio based CBTC (Communication Based 
Train Control) systems with full automation as part of the 
product. Most are in China but with one in Ethiopia. Another 
4G application is in the heavy haul sector where the Shuo 
Huang Railway uses radio to synchronise multi locomotive 
operation of 3000 metre long freight trains plus proving of 
train completeness. The bandwidth allocated by the Chinese 
licensing authorities is 1.8 GHz with a 24 MHz spacing 
between the up and down links. If on line CCTV monitoring 
of passenger coaches is required, a usable bandwidth of 
10 Mbit/s is needed, which could not be encompassed within 
the bandwidth allocated. Huawei are conducting trials to see 
whether a reduced picture quality at a lower bandwidth is a 
practical proposition

• Ericsson. Already sells 4G LTE equipment for the public 
mobile business around the world but intends to expand 
into the rail sector. Adapting the public sector product has 
challenges, in that whilst the traffic capacity requirements 
are lower, the operational resilience has to be much greater. 

The company is working with the ETSI to translate the 
requirements of the UIC FRMCS (Future Railway Mobile 
Communications Systems) into a technical reality. A big 
question is whether to press for retention of the present 
GSM-R frequencies and adapt these for LTE operation. Again 
there is recognition that there will be insufficient bandwidth 
if video streaming from passenger trains remains part of the 
functional specification. Ericsson aim to have the new radio 
technology applied first on a green field railway project once 
decisions or guidance from ETSI are made known. It is also 
foreseen that 4G LTE will replace TETRA on existing metro 
systems so as to make these compatible with adjacent urban 
main line railways and thus facilitate interworking. Ericsson 
estimates it will take five to ten years to replace GSM-R and 
part of the transition will be LTE embracing the ‘Internet of 
Things’ for such applications as remote condition monitoring, 
train preparation, catenary monitoring and others all needing 
a multitude of sensors. A partnership with SNCF is already 
trying out some of these items as a feasibility exercise.

• Nokia. A recent trial of an LTE system on the Paris Metro 
took place to prove safety critical operation for CBTC over a 
radio link. The trial also included on board CCTV streaming, 
passenger information, operational voice communications 
and clock synchronisation. After trials on a test track, one 
train on Line 14 was equipped and ran in normal day to 
day service but without passengers from October 2015 to 
May 2016. The frequency band used was 2.6 GHz with a 
20 MHz bandwidth. Although successful, further usage had 
to cease and will not progress until a permanent allocation of 
spectrum becomes available. To obtain a workable allocation, 
restricting the CCTV streaming activity may be necessary.

• Thales. Using its own knowledge and skill set, it is working 
with Huawei to develop LTE applications on one test train in 
Shanghai equipped for CBTC, CIS, CCTV and Voice Radio to 
see how feasible 5 MHz and 15 MHz bandwidths are to carry 
all these services. Several operational scenarios are emerging. 
LTE is seen as not just associated with 4G but to have the 
capability of migration to 5G and any future sixth generation.

• Bombardier. Also working with Huawei to carry out joint 
testing of signalling, voice communications and video in an 
exercise to compare main line and metro requirements for 
LTE deployment. The aim is to mix and match different client 
requirements as variable options on the same basic platform. 
It is recognised that frequency availability will be crucial with 
the likely complication that 4G operation will be in different 
parts of the spectrum in different countries

Other companies including Siemens, Alstom and Kapsch are 
working to develop 4G LTE systems for rail operation. All efforts 
will need a form of co-ordination and the standards bodies in 
Europe and elsewhere must take a leading role.

A number of significant challenges are emerging.

1. Will the railways press to have dedicated spectrum 
particularly for operational use bearing in mind the 
complication of interoperability across borders.

2. What will be the optimum band for railway use noting that 
the Chinese and French initial allocations were very different.

3. What use if any can be made of the present GSM-R 
allocation.

4. The need for CCTV streaming may have to be re considered 
because of its high bandwidth demand. 

It is unlikely that the railways will be the only group asking for 
dedicated spectrum and shared spectrum with other users may 
be the only pragmatic way forward.

GSM-R has had great success in Europe and further afield. In this UK 
scene, a GSM-R radio site is very much in view behind passing traffic. 
Photo Paul Darlington.
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The option of 5G
Whilst 4G is still evolving, nothing stands still in the telecom 
industry and the fifth generation of mobile technology is 
already well advanced in its development. The standards are 
being finalised and it is expected that there will be a gradual 
introduction from the early 2020s.

5G will be capable of being deployed in existing allocations 
of mobile spectrum but is primarily being designed for use in 
the higher spectrum bands. This will enable rapid data transfer 
speeds, making it easier to upload/download high volume data 
to mobile devices. It is also the intention that 5G will endeavour 
to link in with existing radio services on a localised basis such as 
Wi-Fi to further enhance the rapid data handling and speed for 
short range communication. This implies a complex arrangement 
for the interconnection of multiple networks with the goal of 
always having the best connection available from any location. 
Figure 5 shows how in 5G users will be able to connect to 
different radio sites, including Wi-Fi, simultaneously. Direct user 
to user connections, without the use of the network, may also be 
possible.

The Internet of Things is very much to the forefront of 5G 
developments, and it is anticipated that many thousands 
of Internet connected devices for monitoring of both fixed 
and mobile assets (including personal wearable devices) will 
proliferate in the everyday world. This concept will have big 
implications for the rail industry as condition monitoring, 
failure prediction and maintenance routines become ever more 
sophisticated in the pursuance of capacity gains and reliability. It 
is also foreseen by some manufacturers that 4G services should 
be capable of migrating to 5G without wholesale replacement of 
equipment. Quite how this would be realised in practical terms is 
unknown.

5G is seen as the technology that will enable self-driving 
autonomous road vehicles to be introduced on any scale, with all 
the safety implications entailed. Similarly, mission critical public 
safety services will take advantage of 5G connectivity. As such, 
the transfer of the technology to safety critical rail applications 
is seen by some as a logical next step. The much talked about 
Automatic Train Operation (ATO) for mixed traffic main line usage 
could well come about with 5G radio. On a practical level, the 

restriction on video streaming observed during the trials on 4G, 
may well be overcome with 5G.

As indicated above, 5G will use a wide range of radio spectrum 
in various bands to deliver services. Mobile network operators 
are prepared to invest heavily for the spectrum they view as 
critical to 5G. As an example, Straight Path in the USA held 868 
spectrum licences in the 28 GHz and 39 GHz bands which cover 
most of the USA. These millimetric wave frequencies are capable 
of carrying huge amounts of data, but at such high frequencies 
the propagation distance will be relatively small requiring lots of 
radio base stations. AT&T originally offered $1.6 billion (162% of 
its market value) to buy Straight Path, just because they held the 
rights to these frequencies. Verizon Communications then offered 
$2.3 billion and eventually bought the company for $3.1 billion. 
Such is the value placed on securing radio spectrum which will be 
essential for 5G.

In the UK, the University of Bristol has demonstrated the 
integration of 5G millimetric wave radios to provide Gigabit 
connectivity to high-speed trains. The aim of this work was to 
provide train customers with at least a 2 Mbit/s Wi-Fi service. 
Radios on the train communicated at 60 GHz to trackside units 
placed every 500 m. Inside the train the millimetric wave system 
was connected to a standard train Wi-Fi system. The solution 
was demonstrated at the Rail Innovation & Development Centre 
at Melton Mowbray in England and data rates of 1 Gbit/s at 
speeds of up to 150 km/h were achieved. In the laboratory the 
technology has been demonstrated to work at speeds of up to 
600 km/h. Of course, at those frequencies they would need a 
trackside access point every few hundred metres

Some of this is visionary but it is certain that 5G development 
is going to mean initial deployment within five years and therein 
lies the dilemma. Should the railways plan the GSM-R successor 
as a 4G or 5G system? Good work has been carried out to 
demonstrate that 4G offers many advantages over GSM-R. 
However, the latter has an assured future until the mid-2020s and 
probably longer than that providing a reasonable supply chain of 
equipment is still available. Will 4G still be the system of choice 
at that time?

Figure 6 overleaf summarises the different generations of 
technology and the differences between them.

User
equipment

(UE)

UE

UE

Figure 5 – In 5G the UE will be able to connect to different radio sites, 
including Wi-Fi, simultaneously. Direct UE to UE connections, without 
the use of the network, may also be possible.
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Security
When GSM systems were first developed and standardised, 
security functions were introduced partly because of 
shortcomings in the previous 1G analogue systems. Encryption 
of the radio interface was introduced in 2G although at the time 
encryption was a contentious issue, which resulted in a design of 
only moderate strength. The risk of fraud, such as making calls 
charged to other subscribers, was considered a major problem so 
this led to the introduction of a tamper-resistant SIM card, adding 
authentication of the subscriber together with a mechanism with 
randomly assigned temporary identifiers to make it harder to 
track or identify subscribers. Whilst reasonably robust in their day 
the measures are now easily broken.

In moving to 3G, further security improvements were made, 
including authentication to mitigate threats of rogue radio base 
stations, and moving the encryption deeper into the network 
making it far stronger. When the 4G LTE standard was set, 
the main additional security measures were a consequence of 
returning the user data encryption down to the base station, 
along with more elaborate key management and encryption 
measures. 

5G however will drive yet additional requirements regarding 
security characteristics as 5G networks will be designed to 
connect industries (such as manufacturing and processing, 
intelligent transport, smart grids and e-health), as well as 
controlling autonomous vehicles. 5G systems will therefore be far 
more secure than previous generations of radio systems. 

Network slicing with virtual private network capability will also 
be a feature of 5G. This will enable mission critical applications, 
such as railways, to have priority (although at a cost) over other 
applications in public 5G networks. Neutral host capability could 
also enable network sharing, allowing mobile network operators 
access to railway owned and operated line side radio access 
equipment. While technically possible, the arrangements for who 
funds what, and is responsible when things go wrong, will be 
complex and challenging.

Wi-Fi as a replacement for GSM-R
An alternative view within the telecommunications industry is 
that privately owned and run wireless networks based on Wi-Fi 

technology would be a better proposition than traditional 
carrier networks such as GSM and LTE. The argument is that 
mobile network operators cannot provide all the connectivity 
requirements for society and industry, especially inside buildings 
or industrial plants and this is where inexpensive Wi-Fi systems 
are now used extensively to provide data coverage. This is similar 
to fixed telecommunications operators not providing in-building 
wired systems. 

Innovate UK and Cisco Systems UK have developed such a 
system at the Quinton Rail Technology Centre at Long Marston. 
This involved a Class 117 diesel multiple-unit from 1961, which 
was known as possibly the oldest train with fastest Wi-Fi in 
the world (figure 7). The system will be further trialled on the 
Edinburgh to Glasgow route, using 5 GHz licence-free Wi-Fi 
base stations access points, located on GSM-R masts several 
kilometres apart, along with a limited number of in-fills. Results 
so far have been encouraging, with an average 350 Mbit/s with 
peaks at 500 Mbit/s achieved with a trackside spacing between 
two and four km. The trials have demonstrated seamless 
handover between access points with no packet loss. A similar 
configuration of 5 GHz Wi-Fi every 5 km on the Ferrovie del 
Gargano route in Italy has claimed a data rate of 1 Gbit/s at 
400 km/h being achieved. 

Generation 1G 2G 3G 4G LTE 5G

Key
features

Analogue phone 
calls.

Digital phone calls.  
Subscriber Identity 
Module SIM. 

Circuit switching 
(voice) Packet 
switching (data). 

All IP services 
(including voice) Flat 
architecture.

IOT - many 
thousands of IP 
connected devices. 
Very wide spectrum. 

Key benefit / 
difference to 

previous version

Mobility in 
communication. 

Secure (ish), mass 
adoption.

Better internet 
experience.

Faster broadband. Even faster 
broadband, even 
lower latency– 1 ms.
Device to device. 

Data rate Voice only. SMS (text)
9.6 kbits/s
GPRS 171 kbit/s
EDGE 384 kbit/s .

3.1 Mbit/s 
HSPA 14 Mbit/s
HSPA+ 168 Mbit/s. 

2 to 12 Mbit/s with 
potential for 100 to 
300 Mbit/s. 

1 to 10 Gbit/s.

Weakness Major security 
issues. No roaming.

Very limited data 
capability. 

Failure to meet 
internet access 
demands.

Latency – 10 ms.
battery life, 
scale.

Will there be a 
market for all the 5G 
services?

Figure 6 – The evolution of technology 1G to 5G.

Figure 7 – Class 117 from 1961. Possibly the oldest train with fastest  
Wi-Fi in the world. Photo Cisco.
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These systems are aimed at the customer data 
requirement, rather than train operation, but on some 
secondary rail routes, and if the safety and reliability 
requirements are proven, could such Wi-Fi systems be the 
basis for a GSM-R replacement?

In conclusion
The rail industry does not change direction quickly 
and it can take many years for a new technology to be 
developed, tested and approved for service. GSM-R took 
well over 10 years from conception to first operational 
roll out. The industry needs a higher stability of product 
with interoperability, sustainability and standardisation 
being high on the agenda. A minimum 20-year life for 
most rail products is virtually essential as the time taken to 
produce a business case, investment criteria, replacement 
development, and approval is in itself long.

In contrast, the telecommunications industry has a high 
rate of innovation with rapid changes in technology 
taking place all the time. There has to be an approval 
process but the whole industry recognises that to survive, 
it must produce equipment and services that are compatible 
regardless of the supplier. Not being able to connect with 
anyone else is a recipe for business disaster and there have 
been examples of companies developing products outside of 
mainstream connectivity going out of business.

With train borne radio, there is an uneasy mix between the two 
philosophies. For too long, the question of GSM-R replacement 
has been put into the ‘too difficult basket’, perhaps in the forlorn 
hope that the problem would go away. At long last, the decision 
making authorities are taking it seriously.

The UIC is intent on leading the way with its Future Railway 
Mobile Comms Systems (FRMCS) study. This is involving many 
European standards bodies including the ERA and ETSI plus 
rolling stock groupings as well. A user requirement specification 
has been produced and is available on the UIC web site. 

The architecture and technology of any future system will 
take account of emerging trends in radio usage. Whilst the 
resulting specification will be aimed primarily at Europe, the 
project is envisaged as a global standard. Getting a workable 
understanding on spectrum allocation on an international basis 
will be a major factor, hence the involvement of ETSI in the 
work. Whether the new system should be 4G or 5G is part of 
the consideration and will take into account the expectation 
that public 4G design (and its associated LTE applications 
specification) will be frozen in 2017 whereas a workable 
specification for 5G will not be released until 2020. With the 5G 
specifications not yet finalised, is there an opportunity for the 
railways to influence the standard right now rather than having to 
accommodate a bolt on application as was the case with GSM-R? 
The ideal solution will be to have a system that is compatible 
with both specifications. It is the intention that a new railway 
radio standard will be finalised by mid-2019 with initial testing 
taking place by the end of 2020 and the first real trials happening 
in 2022. This is a challenging timeframe and may well not be 
achieved. Figure 8 shows the timescale realities of train radio 
development compared to the generations of mobile radio.

The logistics are significant. GSM-R is now operational on 
around 163 000 km of route and this is expected to rise to 
230 000 km before GSM-R support begins to reduce. Changing 
to a new technology will be a real challenge and must include the 
need to accommodate new applications. Aligning the technology 
with standards that emerge in the wider world is essential but the 
flexibility to incorporate railway specific user applications has also 
to feature. Backward compatibility and the capability of operating 

2G

3G

4G

5G

1990

1995

2000

2005

2010

2015

2020

2025

2030

1992 work starts on UIC train radio

1995 GSM chosen
1997 GSM-R mandated

2000 first GSM-R systems installed

2017 we are here!

2030 GSM-R support ends

Ti
m

e

at train speeds up to 500 km/h will be part of the requirement. 
4G and 5G mobiles are intended to be backward compatible 
with both 2G and 3G systems and this will be fortuitous in the 
planning of a migration strategy. It is unclear whether 4G mobiles 
will be forward compatible with 5G infrastructure. Interworking 
with other radio systems such as public cellular, Wi-Fi, satellite 
and broadband IP based services will be integral to the plan. 

A centralised communications approach based on three 
layers – application layer, service and access sub-system – is 
seen as part of the future detailed design. Of these the middle 
one is critical as this will define the ‘adaptation’ sub system for 
the infrastructure that might mean sharing with other network 
operators. How to migrate from old to new and ascertaining 
what backwards compatibility can be achieved, will need careful 
thought and investigation. Thereafter technical management and 
handling, contractual and commercial aspects involving both 
client and manufacturer will follow. 

The spectrum issues will be crucial as radio frequencies are 
not a commodity and any rail specific allocation has to be used 
efficiently for the benefit of all. The European Rail Infrastructure 
Managers (EIM) association and Community of European 
Railways and Infrastructure Companies (CER) have suggested that 
the 873-876 MHz and 918-921 MHz band should be reserved 
in addition to the current GSM-R band. However many see 
dedicated frequencies for future LTE operation as unlikely and 
even if it does happen, the likelihood is that they will not be the 
same across all countries meaning that the radio design must 
have multi band capability. 

Getting a consensus on all of the above is perhaps the greatest 
challenge. The discussions have begun but is there a directing 
mind that can pull it all together in the timescales envisaged by 
the UIC? Someone has to emerge with the necessary strength 
of character, tact and diplomacy to get all the interested parties 
including suppliers pointing in the same direction and arrive at 
the necessary consensus. The next five years will certainly be an 
interesting time.

If this paper’s readership is wanting a recommendation from 
the authors, then for reasons of timescale and pragmatic 
advancement, we would opt for 5G. This should be the 
mainstream technology by the time GSM-R begins to decline and 
would give the rail operators a system that is assured until the 
2050s.

Figure 8 – Timescale realities of train radio development compared to 
the generations of mobile radio.
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SSI OVER IP

Solid State Interlocking (SSI) long line links 
over IP networks
Phil Mounter
Westermo, UK

The telecomms data latency requirements for Solid State 
Interlocking (SSI) are very important. If they exceed the 
specification the SSI will lose all trackside indications and create 
an ‘all signals on’ situation. The latency timing can create 
problems with using IP networks for the SSI long line links which 
require careful design.

Developed in the 1980s under a tripartite agreement between 
the British Railways Research Department and the two major UK 
signalling suppliers, Westinghouse Signals (later acquired by 
Invensys and now Siemens Rail Automation) and GEC-General 
Signal (later absorbed by Alstom), SSI was one of the first 
microprocessor based all electronic signalling interlockings. The 
very first use of SSI was at Dingwall in 1984 as part of the ‘Radio 
Electronic Token Block’ (RETB) signalling on the ‘Far North’ and 
Kyle of Lochalsh lines in Scotland. 

This was followed in August 1985 with the first conventional 
SSI installed at Leamington Spa, providing signalling control of 
colour light signals and point machines from an entrance-exit 
panel. SSI is now widely installed within Great Britain and has also 
been used around the world, including South Africa, Indonesia, 
Hong Kong and Australia. 

Next-generation systems developed subsequently by the two 
manufacturers, Trackguard Westlock from Siemens and Alstom’s 
Smartlock 400, have the capability for backwards compatibility 
with the classic SSI application data and with trackside 
equipment.

Trackside equipment such as signals and points is connected 
to nearby trackside functional modules (TFMs) with each module 
providing a number of outputs and inputs. Each output drives 
an individual function, such as a signal lamp or a point machine. 
The inputs are used to send information back to the interlocking, 
such as indications determined by track circuit occupancy or axle 
counter evaluators or the status of signals and points. There are 
several kinds of TFM, including the signal module and the points 
module, primarily because of the different output functions and 
loads.

SSI data links
Communications between the interlockings and TFMs uses 
electronic data packages called ‘telegrams’. Telegrams are 
transmitted via ‘data links’, initially comprising twisted pair 
copper cable with the data links duplicated for availability. These 
are known as baseband links. For transmission over longer 
distances ‘long line links’ over a telecommunications network are 
used and another type of module, the ‘Long Distance Terminal’ 
(LDT) was developed to interface with the telecomms equipment 
using a 64 kbit/s G.703 contra-directional interface.

The system design of SSI is based on the regular polling of each 
TFM and receipt of a response to the poll. There are two data 
links for availability reasons and the whole system will work safely 
with one of them out of action. This imposes transmission latency 
restrictions. The total propagation delay in one direction must 
not exceed 4.96 ms, with the difference in delay between the A 
and B links not exceeding 3.6 ms. If the timings are exceeded all 
signals display a red aspect.

Being designed in the early 1980s, SSI was developed around 
the technology and the processing power available at the time. 
Message handling was performed by a 1MHz 8-bit processor 
which, in the case of the TFM, was doing other tasks as well as 
message handling. Today in many modern signalling systems 
telecommunications networks processor speeds are typically 
several GHz and 64-bit processors are commonplace. 

The long line link was developed soon after the first SSI 
baseband schemes had been put into service and the design was 
necessarily constrained by the baseband data link protocol with 
which it had to work. This in turn was constrained by the safety 
and response time requirements of the system. 

The message protocol operated by the interlocking had to 
poll all 64 TFM telegram addresses, within a time short enough 
to give the system an acceptable response time and leave 
time for reply telegrams. This protocol also needed to allow for 
propagation delays and response times of the TFMs. 

To allow for the encoding and decoding processes it was 
necessary to arrange for the long line link replies to arrive at 
the interlocking one telegram period later compared to the 
baseband option. Furthermore, to allow for significantly different 
path lengths it was necessary to extend the length of the reply 
slot, which increased the telegram interval and resulted in a 
longer cycle time. The solution adopted was to increase the 
minimum message interval to 12.85 ms, resulting in a minimum 
cycle time of 822 ms and allowing reply messages to arrive at any 
time within a 4.35 ms window ending 8.65 ms after the start of 
the subsequent command telegram. This equates to a maximum 
round trip path delay of 9.5 ms and it is believed that the figure 
of 4.49 ms end to end allows for baseband propagation delays.

A consequence of diverse data link routeing is that command 
telegrams on the two data links (which are sent simultaneously) 
may arrive at TFMs at different times. The processing limitations 
of the TFM dictated that it could only receive from one data link 
at a time, so a TFM receives its own telegram and must wait until 
there is no data on the other link before replying, otherwise its 
reply (which is sent simultaneously to both links) may collide with 
a delayed command message. 

This is at the root of the differential delay requirement, since if 
telegrams arrive further apart than the telegram length, a TFM 
about to reply will see no data transitions even though the later 
telegram has yet to arrive.

TFMs preferentially receive their messages from the B Link. At 
other times they are programmed to receive from both links at 
various times in the telegram cycle in order to maintain a record 
of data link availability. In order to conform with the 12.85 ms 
minimum telegram interval, the trackside LDT can only accept 
reply telegrams which arrive within 4.95 ms of the end of the 
corresponding command telegram.

The consequence of system’s response to excessive differential 
delay is therefore:
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 1: ‘A link’ delayed excessively with respect to the ‘B link’.

• TFMs looking at the B link receive telegrams as normal. If 
not receiving their own telegram they ignore the A link. 

• TFMs receiving their own telegram from the B link see 
no activity on the A link and therefore reply immediately. 
They don’t believe anything is wrong but their replies 
collide with delayed commands on the A link.

• TFMs looking at the A link will mostly fail to receive a 
valid telegram (it having collided with a reply telegram as 
above, if there is one) and mark the A link as unreliable.

• The interlocking receives valid reply telegrams on link B 
but nothing on link A. The system keeps going provided 
the B link round trip delay is within limits. If the B link 
round trip delay exceeds 9.5 ms no reply telegrams will 
reach the interlocking, causing an ‘all signals on’ situation.

2: ‘B link’ delayed excessively with respect to ‘A link’

• TFMs looking at the A link will receive telegrams as 
normal and regard A as healthy.

• TFMs looking at the B link receive telegrams as normal. If 
not receiving their own telegram they ignore the A link. 

• TFMs receiving their own telegram from the B link see no 
activity on the A link and reply immediately. Provided the 
B link round trip delay is within bounds their replies will 
reach the interlocking. However, if the differential delay 
exceeds 4.95 ms the A link replies will not be seen by the 
trackside LDT and will not reach the interlocking. If the B 
link round trip delay exceeds 9.5 ms no reply telegrams 
will reach the interlocking, causing ‘an all signals on’ 
situation. 

Therefore, in both cases, excessive propagation delay on the B 
link will cause the SSI to indicate ‘all signals on’.

Synchronous Digital Hierarchy communications  
for SSI.
The timing requirements for SSI were not a particular problem 
for 1980s telecommunications pulse code modulation (PCM) 
transmission systems. To provide diversity for some schemes 
however the B links were sometimes provided via third 
party telecommunications service providers. Problems were 
experienced when the service providers started to use optical 
SDH (Synchronous Digital Hierarchy) technology. A feature of 

SDH, in order to provide good availability, is the provision of 
‘path protection’, with the network arranged in rings. In the event 
of a failure in one side of the ring, path protection would switch 
the data in milliseconds to travel around the ring in the other 
direction and ensure no loss of data connection. 

Unfortunately, some of the rings were very large and the 
resulting increased propagation delay was outside the SSI 
specification. The problem was compounded by the processing 
in the SDH systems, and to make matters worse the service 
providers would not guarantee any propagation delay limit, 
as they were focused on availability within their network to 
other customers. Availability was less of an issue for the railway 
(compared to propagation delay) as they had their own diverse A 
link via the railway telecommunications system. 

The service providers would typically not specify or guarantee 
a latency figure for the service provided, but simply a data 
bandwidth figure and an availability target. This meant that 
sometimes path protection would be enabled to maintain data 
availability, but would result in the end to end data connection 
being outside of the SSI latency specification. Consequently, SSI 
reverted to ‘all signals on’. No fault would be reported on the 
service provider’s management system, because as far as they 
were concerned there was no failure. In such situations the only 
way of recovering the SSI system and restore normal working was 
to totally disconnect the B link. 

Network Rail’s Fixed Telecoms Network (FTN) SDH design 
provided a solution, with a G.703 64 kbit/s standard for the 
SSI long line link in compliance with the latency requirements. 
The SDH rings were designed so that they would not introduce 
unacceptable latency to SSI in the event of the path protection 
being operated. Figure 1 shows path protection being 
implemented by the SDH Add and Drop Multiplexer (ADM) 

SSI over Internet Protocol communications
Unfortunately, the ADM multiplexers used in the FTN were 
becoming obsolete and a solution was required for SSI that could 
interface directly with the new Network Rail FTNX IP network. 
The use of IP also presented another problem for SSI latency, as 
with IP the data is broken into ‘packets’ with each data packet 
routed independently around the IP network. On reaching 
the destination a number of milliseconds may be required to 
reassemble the data message in the correct order and to request 
the retransmission of any corrupt packets.

A
D

M
ADM

A
D

M

ADM

A circuit B circuit

A
D

M

ADM

A circuit
in backup B circuit

A circuit B circuit A circuit
in backup

B circuit



Figure 1 – Path protection being implemented by the SDH Add and Drop Multiplexer (ADM).
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The problem in finding a solution to the obsolescence 
problem was that there was virtually no market demand for the 
64 kbps G.703 contra-directional standard as it is an obsolete 
communications product. However, Westermo partnering with 
Net2Edgeit identified that it would be possible to support 
the 64 kbps G.703 contra-directional clocking by making a 
modification on an existing, product called PacketBand, a 
standalone data over IP network interface device. This would be 
known as the ‘G.703 contra to IP converter’.

As shown in Figure 2, the G.703 contra to IP converter interfaces 
via Ethernet to a multi-protocol label switching (MPLS) IP router 
and the FTNX network replaces the FTN PDH/SDH ADM based 
network. Looking to the future the solution is an interim stage to 
a complete IP network.

The product was tested to support both point-to-point 
and point-to-multipoint 64kbps G.703 contra-directional 
communications. The interface handles protocol types 
transparently, simply passing the data to the end devices 
unchanged. End-to-end synchronisation is provided with 
advanced algorithms that are selected to match the packet 
network and to provide the best possible clock recovery, 
synchronisation and stability. Clocking is entirely handled by the 

devices and is not dependent on the synchronous operation 
of the underlying network. This resolves a common failure 
mode which was present in the FTN Network, where the loss of 
centralised synchronisation can lead to widespread disruption to 
network services.

To meet the stringent latency requirements of SSI, the data is 
given priority over all other traffic in the network. This is achieved 
by tagging packets with the highest quality of service value at 
ingress to the network (in both directions).

The work enabled an exciting first for the Scotland Route and 
GB rail (for telecommunications engineers anyway). On the 
morning of the 18 May 2015 a Class 68 locomotive and empty 
coaches ran from Mossend Yard to Cardenden (via Dalmeny 
Junction, the Forth Bridge and Inverkeithing), on infrastructure 
signalled by SSI over IP. This was followed by the London Euston 
to Aberdeen sleeper at 4.50 as the train passed through the 
North Queensferry area. 

Since then the solution has been used in the Borders Rail 
project in Scotland for SSI and other services including GSM-R 
with no reported problems.

Many thanks to Alan Cribbens for his assistance with this article.

Solid state 
interlocking 

(SSI) 
cabinet

SDH
comms
cabinet

SDH
comms
cabinet

SSI control 
cabinet - 
trackside 
control 

points and 
signals

SSI control 
cabinet - 
trackside 
control 

points and 
signals

Native IP 
trackside 
control/
signals 
solution

Solid state 
interlocking 

(SSI) 
cabinet

Native IP 
interlocking 

system

G.703
contra to IP 
converter

Future IP 
devices

Other IP 
devices

MPLS
router

G.703
contra to IP 
converter

Access 
layer switch

MPLS
router

Access 
layer switch

Integrated electronic control centre (IECC)

Integrated electronic control centre (IECC)

Rail operating centre (ROC)

Remote switching point - trackside

Remote switching point - trackside

Remote switching point - trackside

Overview of interim replacement system

Overview of existing system

Overview of future planned system

Ethernet

EthernetEthernet

Ethernet

G.703 Contra-
directional 
interface

G.703 Contra-
directional 
interface

G.703 Contra-
directional 
interface

G.703 Contra-
directional 
interface

SDH comms link

Fibre MPLS
network

link

Fibre MPLS
network

link

Figure 2 – Overview of the phases of system implementation.
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SPEED CONTROL

adopting a proactive approach to the implementation 
of speed control systems
Prepared on behalf of the IRSE International Technical Committee  
by Frans Heijnen and Alan Rumsey

If a railway’s existing signalling system has certain limitations, 
for example leading to safety issues such as the risk of train 
collisions and/or derailments as a result of human error, then the 
responsible rail agency may seek to upgrade it to provide higher 
levels of automatic train protection (ATP). In this case the agency 
essentially has two options:
1) Replace the existing signalling system with a newer 

generation of signalling technology that inherently provides 
the required level of safety protection; or

2) Overlay an additional system or systems on to the existing 
signalling system, to provide the additional safety protection 
required. 

This article will go into the reasons why speed control was/
is and should be introduced referring to some of the accident/
incidents that led to a legal mandate to install such a system in 
some countries. A brief touch on human factors is followed by 
details of some of the highlights of the technology development 
leading to the availability of such systems. It will then focus on 
the question why a proactive approach is needed followed by 
a discussion on the possible scenarios. It will then signal some 
trends in the railway sector, followed by the conclusions.

Reason for speed control
The reason for speed control is related in many cases to separate 
developments due to accidents or near accidents. It is also 
related to developments of systems created to control signal 
obedience by the driver. Such systems appeared at the end of 
the 19th century as firstly an emergency intervention to stop a 
train (train stops) and secondly to supervise the braking curve 
when running towards a signal in the danger (stop) position. 
Some examples are given below:

TPWS in the UK
As an example, in the UK, following the “Southall and Ladbroke 
Grove Joint Inquiry into Train Protection Systems” in 2001, TPWS 
(Train Protection & Warning System) was implemented across the 
UK rail network, as an overlay on the existing wayside signalling 
system, to provide red signal enforcement and over-speed 
protection at certain critical locations. Even though the above 
report noted that TPWS had a number of limitations, TPWS 
has provided an effective and relatively cheap stop-gap system 
prior to the planned (future) installation of ATP within an ERTMS 
package. TPWS is an overlay system; full ATP was not introduced.

PZB in Germany
The PZB 90 system in Germany is a further development of 
Indusi, a system developed in the 1930s. Several accidents due 
to over-speeding at points led to trials with this system based on 
an inductive track device. The accident of August 1929 where an 
international train entered a siding track at 100 km/h instead of 
50 km/h, with 13 people killed and 40 injured, was a contributing 
factor. After another accident in the early 1990s the German 
EBO railway regulations now require PZB on all but very minor 
lines. Since 1998 all traction vehicles must be equipped with 
Indusi in Germany - before that it was possible for trains without 
a protection system to use PZB-enabled lines up to a speed of 

100 km/h1. PZB can also be laid out to cover danger spots and 
over-speeding. Various examples can be found on the internet2. 
It is extensively used in various countries to protect against over-
speeding at points with a significant speed reduction. Another 
example of an overlay system.

Positive Train Control
Similarly, in the USA, the “US Rail Safety Improvement Act” of 
2008 mandated the widespread installation of PTC (Positive 
Train Control) systems to achieve an improved level of safety 
on the USA railroads. This was in response to a collision of a 
Metrolink passenger train and a Union Pacific freight train in 
California in September 2008, which resulted in 25 deaths and 
135 injuries to passengers. In response to this mandate, various 
PTC systems have been developed and are being implemented 
(with acronyms such as I-ETMS, ITCS, ACSES, etc.) and typically 
integrate wayside, train-borne and data communications 
equipment from multiple suppliers.

Unfortunately the different PTC systems are not compatible 
and create interoperable problems at locations where different 
railways converge. The PTC mandate, specifically the PTC 
implementation schedule, has driven the technology solutions, 
and it could be argued the mandate has slowed down the 
development of a ‘better’ PTC system that could have provided 
other business benefits in addition to safety benefits. Indeed, two 
of the biggest concerns with PTC are capacity and operational 
efficiency impacts, and the operational restrictions that will need 
to be put in place when PTC fails to perform as intended. PTC 
is therefore not considered cost effective in its present form and 
additional investments will be required in the future to improve 
reliability and eliminate operational impacts, which could for 
example lead to an upgrade path with moving block capability. 

Again this is an overlay onto existing signalling systems – not a 
new, stand-alone, ATP system – that has potentially delayed an 
‘Option 1’ solution.

KVB and TVM
In France, when SNCF decided to operate trains running up to 
200 km/h in 1967, it was decided to implement a speed control 
in the speed range [160-200 km/h] avoiding the increase of risk. 
This system was called “pré-annonce”. For the same reason, 
when SNCF put its first high speed line in operation in 1981 
(260 km/h at the beginning), the on-board speed control system 
TVM (Transmission Voie Machine) was installed.

In the 1980s SNCF was experimenting with different speed 
control systems to avoid signals passed at danger (SPAD) but 
in 1985 two accidents occurred due to human factors. SNCF 
decided in 1986 to test a Swedish system developed by Ericsson 
(now Bombardier). This system adapted by Alstom to French 
requirements became KVB (Contrôle de Vitesse par Balises) and 
was installed on the first line in 1990.

To optimise the investment it was decided to implement KVB 
on stopping signals protecting points and their advanced signals, 
and at work site signals, but not on block signals which were 
considered as less dangerous. 
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ATS-P and protection against overspeed at curves
In Japan, the automatic train stop system ATS-S, was introduced 
to the whole network of JNR in 1966 after a serious disaster 
caused by SPAD in 1962. The functionality is equivalent to AWS 
in the UK, but using induction phenomena by beacons instead of 
magnets. Afterwards, ATS-P with transponders was introduced to 
main lines after a train crash in 1988 caused by the ATS-S feature 
of a driver’s acknowledgement which leads to the release of the 
train protection. ATS-P generates continuous speed supervision 
envelopes depending on individual train braking characteristics 
and does not need the driver’s acknowledgement action. 
Furthermore, ATS-S was improved for the purpose of safety 
enhancement at depart/entrance signals by installing additional 
beacons. 

However, in 2005 a serious accident occurred in the Osaka area, 
in which 107 people were killed and 562 injured. The cause of 
the accident was over-speed at the curve concerned, i.e., actual 
running speed 116 km/h against restricted speed of 70 km/h, 
and the line was not protected against over-speed at curves, 
nor was this prescribed in regulations at that time. Following 
another overrun accident, the ministry revised the regulations 
in 2006, adding compulsory requirements of protection against 
over-speed at curves, divergent routes and steep gradients etc. 
To cope with these requirements, JR companies adopted their 
own methods to generate speed supervision envelopes, e.g., 
by additional pairs of beacons (JR East), by route databases on 
board and beacons (JR Hokkaido and JR Kyushu). ATS-P already 
had the continuous supervision envelope function and only the 
installation of passive transponders at the places concerned was 
necessary. 

History of signal enforcement and speed control
Signal obedience is something the engineers have tried to 
enforce from the early days of the railways. Train-stops and other 
means have been with us for more than a century. Wikipedia cites 
as first installation the system developed by the US&S company 
for the Boston Elevated Railway, installed in 1901. 

When it comes to speed control, opinions differ as some people 
think that enforcing speed control is something that has arisen in 
recent times and that only modern technologies make it possible. 
The truth is different. The first systems were based on the use, 
again, of train stops. The combination of a train stop and a timer 
starting after a certain section becomes occupied forms a speed 
trap; the arm of the train stop lowering with the timed delay. 
The effect is that if the train arrives too early at the train stop it 
induces an emergency braking.

A following development of US&S, this time with its pulse 
code track circuit, was installed in the early 1920s, following an 
order of the US Interstate Commerce Commission in 1922 that 
trains running with a speed above 80 mph (128 km/h) should 
be equipped with automatic train stop technology3. Although it 
started primarily as a system to control signal obedience it soon 
evolved into a system capable of continuously supervising the 
maximum allowed speed of a train along the line. Later non-
mechanical systems, using an intermittent rather than continuous 
control, have been around since the 1930s, PZB being a good 
example. The intent was to control signal obedience and 
over-speeding at certain danger points like significant speed 
reductions. Due to the availability of solid state electronics, and 
later microprocessors, several new intermittent and continuous 
systems were developed in the second half of the last century 
and the early part of this century; the latest in the European arena 
being ERTMS /ETCS and PTC on the North American continent.

Influence of human factors
From the beginning the underlying motivation for implementing 
these systems is the risk of human error in observing line speed 
indications and the status of the signals. Even in the heavily 
regulated environment of the railway a certain amount of human 
error is not to be excluded. Moreover, even in those situations 
where the final responsibility for the safety is in the hands of the 
driver, the human cannot be excluded from being the risk factor 
and therefore cannot be trusted as a mitigating factor of that risk. 
With the increasing maximum speed of trains this risk became 
more visible due to accidents or other scary situations like near 
misses. Accidents in the late 19th century already showed the 
consequences of human error. Nowadays the consensus is that 
in many situations the driver should not be the only risk limiting 
factor; systems should give support in the execution of his/her 
job (driver advisory systems; a.k.a. SIL 0 solutions) or supervise 
him/her (Ebicab, ETCS and other systems; SIL 4) even if, in the 
case of the latter, the trade unions protested against this so-
called “loss of confidence” in the driver. 

Why a proactive approach?
This is the vital question every railway administration should ask 
itself on a regular basis. Even in this conservative environment 
the railway sector is (or at least is considered) to take signalling 
safety for granted, by assuming that what was valid in the last 
century is still valid today. This is a wrong assumption and is 
not always understood by the users of the system. What was 
proper to do in the 1960/70s is not necessarily acceptable 
today. The introduction of control command signalling on most 
of the network has led to a perception that the railway is the 
safest mode of transport. As a result, accidents are much more 
infrequent than hitherto and when they do occur and especially 
if fatalities and serious injuries result, this leads to a public media 
uproar. Accidents are not acceptable anymore for the travelling 
public. Hence the question is: do we have protection systems 
that offer the required performance or should we improve the 
systems and therefore lower the risk. Sadly on most occasions, 
actions are taken in the aftermath of serious accidents as 
described above but as the old adage says “there is no sight like 
hindsight”. 

The ITC considers that maintaining the status quo is not good 
enough anymore; a risk based approach should be driving 
the day to day operation of the railway, evaluating regularly 
performance and safety targets, having also in mind that on the 
occasion of system renewals, safety improvements are normally 
possible at a reduced cost. Examples are available, like Denmark, 
Norway and the Netherlands where the rollout of ETCS on all or 
most of the networks as mandated by EU law, should produce a 
near positive business case with the safety improvements coming 
as part of the package

a discussion on the possible scenarios and their 
pros and cons
The advantage of Option 1, mentioned in the introduction, is that 
a new system (such as ETCS Level 2/3 or CBTC) can be designed 
to not only address the safety needs, but also to address:

• State of good repair issues; for example, if the existing 
signalling system is old or at the end of its design life, and 
has become difficult and expensive to maintain, a newer 
technology system can provide higher levels of system 
availability and require less maintenance (for example, 
through less track-based equipment, and higher levels of 
equipment redundancy).

SPEED CONTROL
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• Operational issues; for example, if the existing signalling 
system has certain operational limitations and cannot deliver 
the levels of service required, a newer technology signalling 
system can maximize the operational utilisation of the existing 
rail infrastructure through a step-change increase in line 
capacity (for example, through moving block control) and/or 
an increase in the level of automation of train operations. 

Although Option 1 would offer the greatest business case 
benefits, the primary disadvantage of Option 1 is the cost and 
complexity of a complete signalling system replacement.

Historically, therefore, Option 2 has more commonly been 
adopted, particularly when a rail agency has been mandated 
to reactively implement safety improvements following a 
catastrophic incident that led to loss of life, severe injuries and 
major property damage.

Trends
Several trends can be identified but these must be described 
within the culture and legal constraints of each country or area of 
influence. 

North America
As noted above, the United States PTC experience has 
demonstrated that even with an overlay solution, there has been 
significant complexity in implementing a nationwide PTC system. 
Development has taken longer than anticipated: interoperability 
requirements among railways have created significant technical 
obstacles, and system testing and validation has proven 
extremely challenging.

In Canada, a Train Control Working Group was created 
to respond to the Transportation Safety Board of Canada’s 
investigation into a VIA Rail derailment near Burlington, Ontario, 
in 2012, which recommended that: “major Canadian passenger 
and freight railways implement physical fail-safe train controls, 
beginning with Canada’s high-speed rail corridors.” The final 
report of this Working Group, published in 2016, concluded that 
a risk-based and rail corridor specific approach would be the best 
solution for the Canadian environment, rather than adopting a 
“one-size fits all”, nationwide approach. The report noted that 
any technical solution should be based on a solid cost benefit 
analysis to deliver the desired safety benefits while minimizing 
potential corridor operating impacts. A specific risk prioritization 
methodology has yet to be finalized and agreed to, however. 
While various technology alternatives are being evaluated by 
Canadian railway authorities, the current trends would appear 
to be to continue to rely on operating procedures for red signal 
enforcement and overspeed protection except where the traffic 
on a given rail corridor dictates that a higher level of protection 
is required. On such corridors, an overlay solution on existing 
wayside signal technology appears to be the favoured approach. 

Europe
Within the European Union a common regulation of railway safety 
has emerged, culminating in the “Regulation on the Common 
Safety Method for risk assessment”. This regulation, called up 
by the Safety Directive, describes a methodology to be applied 
where a change in the system is significant and has an impact on 
safety. A risk analysis is part of the process and human factors are 
very much part of the analysis. 
In consideration of other risks, the risk of derailing is to be 

mitigated according to the so-called Technical Specification 
of Interoperability (TSI) for the main European Network when 
building new lines and must also be considered when significant 
renewals or upgrades are taking place. As over-speeding 
is a significant risk that can lead to derailment, protecting 
measures must be identified leading in most of the cases to the 

implementation of speed control systems, with nowadays ETCS 
as the most likely option.
A third factor is the requirement of the CE certificate that asks 

for the assessment of risk that will exist when the user adopts 
or uses the product or system. Here we see the same outcome; 
implementation of supervising systems. 

Metro (Mass Transit) systems
In the metro world the implementation of speed control and 
signal obedience supervisory systems is nowadays considered to 
be a given. Most of the systems/lines realised in the last 25 years 
do have such a system and many older systems have been or are 
being upgraded. Even more, with the drive for fully automated 
systems, speed control becomes even more important as it is 
the basis for automated driving. CBTC systems, where most 
of the control system elements have been transferred from 
wayside to on-board, cannot exist without proper speed control 
and movement authority supervisory systems. Such systems, 
intended to be used in an unmanned mode of operation Grade 
of Automation 4 (GoA4), rely on technology for driving and 
supervising at any moment of the journey to ensure that the 
train is always at the intended position and travelling at the 
appropriate speed.

ATO for main line railways
Similar to what is happening in the mass transit world, several 
recent initiatives have sprung up to trial and later implement 
automatic train operation (ATO) on main line railways. Network 
Rail, DB and SNCF are some of the major operators in Europe 
to do so; the Shift2Rail initiative, funded by the European 
Union and the sector, also includes a subproject with the same 
goal. Although for the time being only GoA2 is intended, the 
requirements for speed control are similar as for CBTC. As is 
usual when employing ATO, the driver will be less attentive to 
the speed of the train even though the ATO system normally 
is not developed to require the speed function to be a SIL4 
function. The associated ATP element will provide the required 
SIL4 protection measures.

Conclusions
Several factors can be identified that have pushed for a more 
proactive approach to the implementation of speed control, but 
we still see a mixed approach, some proactive and some reactive, 
the latter mostly in the aftermath of an accident with multiple 
casualties. 

The proactive approaches have a threefold basis: i) the foresight 
of the engineers and politicians, like in the case of the North 
America cab signalling, ii) the public pressure on politicians to 
improve the safety by legislative approach, and iii) as a result of 
modern electronic systems where track information can be easily 
transmitted to the train and therefore more easily supervised.

It is clear that speed control is nowadays considered a must 
even if the business case is not totally clear. The only thing still 
missing sometimes is the recognition by parties that times have 
changed. Speed control is now a de facto norm and that taking 
for granted that systems of the past provide sufficient protection 
is not sustainable.

But, even if the approach might be different (overlay versus new 
system; a decision often related to brownfield versus greenfield), 
the importance of having a proper approach to speed control 
is clear. Without protection many risks on the railway are left 
unmitigated; something not accepted by the public nowadays.
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DRIVEABILITY

Developing a standard for driveability of 
lineside signalling  
or “Have we forgotten the driver” – part three
Richard Barrow
Principal control command and signalling engineer, Rail Safety and Standards Board, UK

Introduction
Many IRSE papers and IRSE News articles have 
covered the topic of railway signalling principles 
and how signalling systems are designed to 
optimise safety, cost, and operating efficiency. 

One of the most important IRSE papers on this 
subject, “Have we forgotten the driver”, was 
presented by A C Howker in 19881. In his paper, 
the author argued that the history of signalling 
technology has been all about protecting the 
signaller from human errors, all the while taking 
it for granted that train drivers would obey 
signals with total reliability. He also made the 
following point, which is relevant to this article: 

“We must never forget that the real nature 
and purpose of our signalling systems is to 
tell drivers whether they may proceed and 
the status of the line ahead. There are rules 
governing the actions a driver must take on 
observing a signal but the human element must 
not be forgotten………”

A follow-up paper “Have we forgotten the 
driver – the sequel”, also presented by A 
C Howker in October 20062, considered the 
impact of industry change and technology 
development within the GB main line railway 
since 1988. One of the conclusions in that 
paper is that drivers’ route knowledge remains a significant 
factor in controlling risk. The paper ended with a comment that 
someone else might be able to write a ‘part three’ at some point 
in the future.

This article is intended to reflect on that challenge and explain 
how the Rail Safety and Standards Board (RSSB) in Great Britain 
(GB) is reviewing and updating signalling system requirements 
and guidance to remind projects to remember the driver when 
taking decisions about planned changes to either the lineside 
signalling system on the GB main line railway, or the train 
operations that use it. 

Changes to UK legislation since 1988
Irrespective of which requirements are applicable and whether 
guidance is available, duty-holders are obliged to comply with all 
applicable legislation.

The legal framework applicable to the GB main line railway 
has changed significantly since 1988, and indeed since 2006. 
European and UK legislation sets out obligations to confirm the 
interoperability of structural subsystems and rail vehicles; and 
to confirm that safety risk is controlled before any changes to 
railway systems, operations or organisations are put into use.

The Railways (Interoperability) Regulations 20113 (RIR) came 
into force on 16 January 2012 and implement the EC Directive 
2008/57/EC on the interoperability of the European rail system. 
The RIR apply to new, major, upgraded or renewed infrastructure 

and rolling stock; requiring that railway structural subsystems 
meet six essential requirements:

• Technical compatibility.
• Reliability & availability.
• Safety.
• Health.
• Environmental protection.
• Accessibility.

For ‘significant’ projects, the RIR requires the Applicant to 
obtain an ‘authorisation’, which is informed by independent 
assessment of conformity with applicable technical specifications 
for interoperability (TSIs) and notified national technical 
rules (NNTRs). The RIR are applicable to the whole GB main 
line railway network (with a few exceptions notified by the 
Department for Transport), however conformity with the control 
command signalling (CCS) TSI4 requires projects to implement 
the European Train Control System (ERTMS/ETCS). Therefore, 
any projects to which the RIR apply must obtain a formal 
dispensation from the Office of Rail & Road (ORR) to implement a 
signalling system that does not include the ETCS.

The Railway Safety Directive 2004/49/EC (as amended)5 places 
obligations on transport undertakings (infrastructure managers 
and railway undertakings) to cooperate in managing safety risk. 
In GB this is implemented by the Railways and Other Guided 
Transport Systems (Safety) Regulations 2006 (as amended)6 

Train drivers are a significant element of the chain of safety for most railways, 
but do we as signalling and control engineers do enough to recognise the human 
factors associated with this role?
Photo Grand Central Railway.
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(ROGS), specifically Regulation 22. Co-operation is one of the 
main themes of ROGS because a large part of the safety risk on 
railways arises at interfaces between operators, which includes 
interfaces between the lineside signalling system and the train 
operations that use it. ROGS is applicable to all infrastructure 
manager (IM) and railway undertaking (RU) operations, 
including the management of risk arising from changes to the 
railway system, its operations or the organisational structures it 
comprises of. 

Regulation (EU) 402/2013 (the Regulation on a common safety 
method (CSM) for risk evaluation and assessment7 (CSM RA) 
requires ‘Proposers’ to identify the hazards arising from planned 
changes, apply three risk acceptance principles to confirm that 
the risk arising from the hazards is controlled to an acceptable 
level and appoint an independent assessment body to confirm 
that the CSM RA has been correctly applied before putting the 
change into use. Although conformity with the CSM RA is only 
mandatory for ‘significant’ changes, application of the CSM risk 
acceptance principles provides an acceptable method of fulfilling 
the requirements of ROGS for any change, irrespective of size 
and scope.

Regulation (EU) 1078/2012 (the Regulation on a CSM for 
monitoring risk)8 requires IMs and RUs to establish processes for 
monitoring risk and to implement corrective action to maintain 
safe operations.

Figure 1 illustrates the applicability of these regulations to a 
typical change project.

The figure shows that achieving an authorisation for a 
CCS system is not enough to confirm that risk is reduced 
to an acceptable level – it only means that the system 
being implemented meets the essential requirements for 
interoperability. The risk acceptance principles are applied to 
confirm safe integration into the operational context. 

Understanding the operational context to which the change 
will be introduced is essential to capture the hazards arising from 
the change. In GB, the route compatibility assessment process 
is applied to assess technical compatibility of rail vehicles with 

the infrastructure on the routes where they will be operated (for 
example structure gauge and EMC). Achieving route technical 
compatibility is a contribution to safe integration but it is only a 
part. Further assessment is needed to confirm safe integration 
with train operating processes; one of the most familiar being the 
signal sighting assessment process, which was described in IRSE 
News in December 20169.

Even so, providing a signalling system that is interoperable and 
assessed to be compatible with train operations on the route 
might not be enough to confirm that safety risk is controlled 
to an acceptable level. Human error can result in an operating 
irregularity irrespective of the compatibility and complexity of 
the signalling system. Further risk assessment is used to confirm 
that the risk mitigation measures being provided (for example; 
train protection system functionality, signalling overlaps, flank 
protection, emergency signal replacement controls) are sufficient 
to achieve an overall level of risk that is reduced to an acceptable 
level. In UK, the Health & Safety at Work Act requires risk be 
reduced “so far as is reasonably practicable” (SFAIRP).

Driveability compatibility and safety risk
To understand the contribution of the lineside signalling system 
to controlling safety risk, it is important to define what we mean 
by “lineside signalling system” and the terms relating to the 
interfaces with the train operations that use it. 

The following definition of lineside signalling system is 
applicable:

Lineside signalling system

A type of signalling system that provides information about 
movement authorities, routing, equipment status, operational 
information and changes in permissible speeds using lineside 
displays. 

The system is configured using the following asset types: 

• Signals.
• Route indicators.
• System status indicators.
• Train dispatch system indicators.
• Some types of lineside operational sign.
A key point of this definition is the inference that the primary 

function of a lineside signalling system is to present necessary 
information to the driver; information that the driver needs to 
fulfil the train driving task – to paraphrase A C Howker “to tell 
drivers whether they may proceed and the status of the line 
ahead”. 

This definition intentionally excludes the train protection, train 
detection and communications functions of the CCS system that 
are sometimes encompassed within the generic term ‘signalling 
system’. It also excludes the signalling control & display and 
interlocking functions, which are provided primarily to control risk 
arising from signaller error. 

The following terms are relevant to the relationships between 
train driving and the functions of the lineside signalling system:

Drive / Train driving 

The human tasks and processes necessary to control the 
movement of a train in accordance with operating rules and 
procedures.

Driveable 

A capability requirement of the lineside signalling system to 
provide train drivers with the information needed to support their 
conformity with the train driving rules and procedures.
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Figure 1 – Applicability of regulations to a typical change project.
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DRIVEABILITY
Driveability

The ease and reliability that train drivers can perform train 
operations in accordance with rules and procedures, throughout 
the range of operational and ambient conditions applicable to 
each train, within the operational context and while performing 
typical required duties.

The term ‘driveability’ describes the compatibility of the 
signalling system with the train driving process. All types of 
compatibility can have a range and can potentially be assessed – 
see Figure 2. 

Increased complexity or operating difficulty will tend to move the 
measure of driveability to the left-hand end of the scale 

Increased complexity or difficulty places a greater reliance 
on train driver competence and train driving experience to 
manage safety and performance risk. Enhancing the train driver 
competence and train driving experience can compensate for 
a signalling layout that is difficult to drive, improving the level 
of driveability, however it is better to reduce the complexity or 
difficulty to the extent that it is practicable to do so. 

A change to a lineside signalling system (or to the train 
operations that use it) might affect driveability, and is managed 
as part of the process of safe integration. Poor driveability is a 
hazard which, if uncontrolled, can result in unacceptable safety 
risk. This includes the risk of collision or derailment that might 
arise when a train:

a) exceeds the limit of movement authority.
b) exceeds the permissible speed.
c) uses a permissive movement authority incorrectly.
d) occupies a level crossing area when a road user is present.
e) uses locally monitored infrastructure that is not correctly set 

for the train movement.
f) starts to move before the ‘right away’ is given.
The hazard of poor driveability can arise from a change if the 

lineside signalling system is not sufficiently driveable or if the 
train driving practices being applied are inappropriate for the 
signalling system being used. The hazard might arise only during 
the time immediately after a change is put into use – typically 
because train drivers are having to develop new train driving 
experience and adapt their route knowledge to inform their 
understanding of the task.

Lineside signalling system context Train driving context

Train driving process

Be interpretable

Be driveable

Be readable

readability

driveability

interpretability

Read

Drive
train

Interpret

Assimilate/
Understand

Decide

Act

includes

includes

Figure 3 – Simplified illustration 
of the relationship between 
driveability and achieving safe 
integration.

Compatibility rangeNever compatible Always compatible

Figure 2 – Range of compatibility.

On lines where a lineside signalling system is used, the 
IM is responsible for providing and operating a system that 
is ‘driveable’. An objective of the RUs is to ‘drive’ trains in 
accordance with the applicable rules and procedures. Driveability 
is a measure of the extent to which these are compatible.

Driveability of any route is positioned somewhere on a scale 
between the two extremes shown in Figure 2. The technical 
complexity of the railway infrastructure, the complexity of train 
operations and the overall operational context can all impact 
on the achieved level of driveability. Some lineside signalling 
systems are more difficult to drive than others, some routes 
within some layouts are more difficult to drive than others and 
some train operations are more difficult to manage than others. 
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On a mixed traffic railway, driveability can differ 
depending on the types of trains and the train 
operations that use the information the signalling 
system provides. It can be challenging to provide a 
signalling system that is optimised for driveability for 
all trains; this sometimes leads to some necessary 
design compromises or additional risk controls, for 
example the implementation of a specific freight 
train driving policy on a route that is optimised for 
passenger trains.

Figure 3 is a very simplified illustration of the 
relationship between driveability and achieving 
safe integration of a lineside signalling system into 
the operational railway. This reveals two further 
types of compatibility relevant to driveability; these 
are readability and interpretability. Train driving 
comprises a continuous process of interrelated tasks, 
which commences with the task of obtaining and 
assimilating the information needed to inform train 
driving decisions and actions. The lineside signalling 
system provides some of the necessary information, 
which the driver obtains by reading and interpreting 
the signal aspects, indications, and signs. 

Figure 4 presents the train driving context in more 
detail; the blue symbols highlighting the contribution 
of the lineside signalling system and the red symbol 
highlighting the role of train drivers’ route knowledge 
in supporting the whole train driving process. 
Figure 5 presents the other side of the interface, i.e. 
the lineside signalling context.

A well-designed lineside signalling system should 
mean that train drivers can obtain and use the 
information provided by signals, indicators, and signs 
to take good train driving decisions. The lineside 
signalling system provides the following types of 
information applicable to train driving:

a) Movement authority (MA).
b) Routing.
c) Locally monitored system status (for example, 

‘points correctly set’).
d) Operating instruction (for example, ‘close train 

doors’).
e) Permissible speed change.
Train drivers read and interpret signal aspects, 

indications, and signs to understand:
a) Whether (or not) a MA is provided to the train.
b) The type and extent of the MA that is provided.
c) Which route is set at a diverging junction and, 

therefore, which applicable permissible speed 
applies.

d) The operational status of any locally monitored 
systems provided on the route.

e) Relevant train operating instructions. 
f) The permissible speed limits.
Other information relevant to train driving is 

provided in the driving cab (for example, train speed), 
by authorised personnel (for example, signallers 
and station staff), working timetables, rules, and 
procedures. Train drivers’ route knowledge and train 
driving experience complement all of this.

Figure 4 – The train driving context showing the contribution of the lineside 
signalling system and train driver route knowledge.

Figure 5 – The opposite view, the lineside signalling system context.
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DRIVEABILITY
The ‘quality’ of the information provided by the signalling 

system is dependent on the needs of the train drivers that use it. 
The design of the signalling system layout and the arrangement 
of presented signalling displays (signal aspect sequences, 
indications and signs) influences four information-related 
parameters:
1. What information is provided to the personnel who operate 

trains.
2. Which form of indication is used to present the information.
3. Where the display is presented in the field of vision.
4. When the information is presented, relative to the time a 

train driving action needs to be taken.
Each of these parameters can be broken down to identify the 

factors that support and influence driveability; i.e. the extent to 
which the signalling system is driveable. These factors are shown 
in the following tables together with a description of the related 
hazard precursors that can lead to poor driveability:

What information is provided

Factor What good looks like Hazard precursor

Availability Necessary MA 
information is 
available

The signalling system 
does not provide 
some necessary MA 
information

Completeness Provided information 
is sufficiently 
complete to support 
understanding 
of the operating 
requirement

Information provided 
by the signalling 
system is not 
complete

Currency Information is up to 
date

Some information 
provided by the 
signalling system is 
not current

Relevancy Information is 
relevant to the 
operational context

Information provided 
by the signalling 
system is not relevant 
to some trains

Reliability Information can be 
relied upon to take 
safe train driving 
decisions

Information provided 
by the signalling 
system cannot be 
relied upon

Which form of display is used

Factor What good looks like Hazard precursor

Readability Signal aspects, 
indications and signs 
are readable

Poor readability

Interpretability Signal aspects, 
indications and signs 
are interpretable

Poor interpretability

Accuracy The signal aspects, 
indications and signs 
are an accurate 
representation of the 
status of the railway

Poor accuracy of the 
information provided 
by the signalling 
system

Consistency The information 
is provided using 
consistent displays

Inconsistent 
signal aspects and 
indications presented 
along the route

Where the display is presented

Factor What good looks like Hazard precursor

Consistency There is a consistent 
display position 
within the field of 
vision

Unusual or non-
compliant signalling 
asset position relative 
to corresponding 
infrastructure features

There is a consistent 
relationship 
between the display 
position and related 
infrastructure

Inconsistent 
infrastructure position 
of one or more 
signalling assets

When information is provided

Factor What good looks like Hazard precursor

Timeliness The driver has 
enough time (and 
distance) to comply 
with the operating 
requirement

Insufficient time 
for the train driver 
to comply with 
the operating 
requirement

The information is 
provided close to 
when the action 
needs to be taken

Excessive time for the 
train driver to comply 
with the operating 
requirement

Consistency MA information is 
updated at regular 
intervals

Excessive variation in 
position of successive 
lineside signals

Information 
is provided at 
inconsistent times

Requirements for the lineside signalling system to 
‘be driveable’
The CSM RA requires the proposer to identify hazards and 
implement controls that are sufficient to control the risk arising 
from the planned change to an acceptable level (SFAIRP). Three 
risk acceptance principles are available to support the decision 
that risk is reduced SFAIRP:

1. Conformity with a code of practice (and assessment).
2. Comparison with a similar reference system (and assessment).
3. Explicit risk estimation and assessment.
Conformity with standards in conjunction with structured 

professional judgement is generally used to inform the decision 
about whether a lineside signalling system is driveable through 
application of the first risk acceptance principle. The processes 
used by RSSB to develop, consult, approve, and publish railway 
group standards (RGSs) and rail industry standards (RISs) means 
that the requirements they contain are suitable for use in 
applying the code of practice risk acceptance principle. 

The standards for lineside signalling systems on the GB main 
line railway have been developed over many years and have 
been intermittently updated. During the 1970s and 1980s, 
British Rail developed a suite of standard signalling principles 
(SSPs), which were intended to align the regional practices that 
existed before then. In the 1990s, the SSPs were evolved into 
RGSs, which were mandated on Railtrack and its suppliers and 
overseen by the Railway Safety organisation and eventually by 
RSSB. In more recent years, the GB main line railway industry 
has implemented a strategy to align the framework of railway 
specific standards with European and GB legislation with the 
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result that most requirements for lineside signalling systems are 
being withdrawn from RGS because they are not NNTRs. Instead 
they are being published in RISs, which are what they say – they 
are the standards for the GB main line railway that are agreed by 
RSSB members as being good requirements.

In 2010, RSSB established four projects with the aim of 
reviewing and updating the requirements for lineside signalling 
systems on the GB main line railway. The work has involved a 
thorough investigation into the contribution of the signalling 
system to train operations, taking account of the influence of 
technical, operational, and human factors and the safety risks that 
need to be managed. 

The complexity of the GB main line railway system, the legacy 
of existing rules and requirements, and the diversity of terms and 
definitions lead to a decision to use a system modelling approach 
to capture a single description of the lineside signalling system 
and the use-cases of train drivers and the other railway operators 
who interface with it. This approach has proved to be very 
powerful in managing system complexity and it has supported 
decisions about the validity and completeness of the updated 
requirements and rationale. Definition of the system boundary 
helped to distinguish which features and functions are internal / 
external to the system. 

This analytical approach has informed the development of 
an updated suite of requirements and guidance for lineside 
signalling systems. This includes content in the following 
standards being developed by RSSB:

GKRT0057 Lineside Signal and Indicator Product Design and 
Assessment Requirements10

RIS-0703-CCS Signalling Layout and Signal Aspect Sequence 
Requirements11

RIS-0713-CCS Lineside Signalling Layout Driveability 
Assessment Requirements12

RIS-0737-CCS Signal Sighting Assessment Requirements13

RIS-0758-CCS Lineside Signal Aspects and Indication 
Requirements14

The aim is to provide a suite of standards that specifies a 
comprehensive set of lineside signalling system parameters 
and a driveability assessment process that proposers can use in 
combination with risk assessment to inform decisions about safe 
integration of changes to the lineside signalling system, or the 
train operations that use it, into the GB main line railway, 

The analysis undertaken in developing the requirements for 
lineside signalling systems has informed the rationale for each 
requirement, including reference to the hazard precursors that 
conformity can be used to control. It has also informed the 
development of updated guidance covering safe integration of 
lineside signalling systems with train operations. 

The parameter requirements for lineside signalling systems can 
be described in the following groups:

1. Signalling product parameters, relevant to readability 
performance capability.

2. The appearance and meaning of signal aspects and 
indications, relevant to interpretability.

3. Provision and position of lineside signals, indicators and 
signs.

4. Presentation of lineside signal aspects and indications, 
including signal aspect sequences.

The rationales for these parameter requirements are based 
on the four information parameters (What, Which, Where and 
When). For example, the infrastructure position of a lineside 

signal influences both the provision of MA information, and when 
the information is provided relative to the time that the train 
driving response is necessary.

The following two example parameter requirements are extracts 
from RIS-0703-CCS issue one:

2.2  Requirements for stop signals
2.2.1  Locations where stop signals are required

2.2.1.1  A stop signal shall be provided at every 
infrastructure location where a limit of MA applies on a 
running line.

Rationale
G 2.2.1.2  When a train is stationary, the train driver 
reads and interprets the applicable stop aspect to 
understand that no signalled MA is available to start a train 
movement.
G 2.2.1.3  When a train is moving, the train driver reads 
and interprets the applicable stop aspect to understand 
the location of the end of MA
G 2.2.1.4  Driveability is supported if the signalling 
system provides all of the MA information needed by 
drivers. The stop aspect provides all of the information 
needed by the train driver to understand the limit of MA 
without reference to anything else.
G 2.2.1.5  This requirement can be applied to control 
the driveability hazard: Information provided by the 
signalling system is not complete.

2.7 Requirements for non-permissive Mas (Main 
proceed aspects)

……….
2.7.3  Location of first cautionary aspect

2.7.3.1  The first cautionary aspect shall be presented 
at least signalling braking distance (SBD) from the main 
stop signal denoting the limit of MA.

Rationale
G 2.7.3.2  SBD provides enough time (and distance) for 
the driver to stop the train at the limit of MA if the brakes 
are applied before the train passes the signal.
G 2.7.3.3  This requirement can be applied to control 
the driveability hazard: Insufficient time for the train driver 
to comply with the operating requirement.

Conformity with the lineside signalling system parameter 
requirements should result in a signalling layout that goes a 
long way to controlling the hazard of poor driveability however 
the parameter requirements might not cover all the operational 
context on the route therefore compatibility assessment is a part 
of safe integration.

Conformity with the driveability assessment requirements set 
out in RIS-0713-CCS can be used to confirm that all driveability 
hazard precursors present within the signalling layout have been 
identified and controlled. 

What does a driveability assessment look like ?
The term ‘driveability assessment’ is new to RSSB standards, 
however the requirements in RIS-0713-CCS are broadly 
consistent with the existing GB main line railway practice of 
undertaking a scheme design review using a panel of signalling 
and railway operating experts before approval for construction. It 
is anticipated that the implementation of RIS-0713-CCS will be an 
evolution of the existing processes.
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DRIVEABILITY
As with any structured task, a driveability assessment should be 

managed as a plan-do-review exercise, and as an integral part 
of an overall project integration strategy. A good driveability 
assessment plan would be sufficiently comprehensive to provide 
stakeholders with a holistic view of the assessment, including:

• Why the driveability assessment is needed.
• What will be assessed and what will not be assessed.
• When the assessment will take place.
• Where the assessment will take place.
• Who will take part in the assessment.
• Which assessment method(s) will be used.
• How the assessment will be done.
• The assumptions, dependencies and caveats underpinning 

the assessment. 
The breadth and depth of each driveability assessment should 
be proportional to the benefit that the assessment provides in 
taking decisions about driveability and controlling risk. Intelligent 
application of the assessment process should avoid unnecessary 
bureaucracy and cost, whilst helping the proposer to confirm that 
the proposed change is fit for purpose. A good place to start in 
planning a driveability assessment might be a matrix showing 
which driveability hazard precursors arise from the change and 
how the three risk acceptance principles are being applied to 
control them. 

The scope of each driveability assessment is dependent on the 
extent to which the planned change conforms with the codes 
of practice applicable to controlling the driveability hazard 
precursors. For changes that result in simple configurations, or 
operational contexts that are commonly applied on the GB main 
line railway, conformity with the signalling system parameter 
requirements is usually sufficient without further detailed 
assessment. 

The most benefit arises if the driveability assessment focusses 
on the parts of the layout that are more complex or more difficult 
to drive, as well as any hazard precursors associated with non-
compliant or unusual configurations or operations. The tables 
shown above include a brief description of each factor, ‘what 
good looks like’ and the associated hazard precursors that might 
be present in the signalling layout. It is anticipated that structured 
professional judgement would identify the parts of the change 
to which the driveability assessment will focus its attention, for 
example:

• Junction aspect sequences incorporating approach controls.
• Unusual signal aspect sequences.
• Excessive or variable signal spacing.
• Significant variation in permissible speeds.

Whilst structured professional judgement is an acceptable 
method of taking decisions about managing risk, large or 
complex projects can benefit from assessment using simulation 
of the train driving task. Suitable simulators, such as the example 
in Figure 6, are already used to support driver training on some 
routes; these simulators could be used by the assessment to 
identify parts of the signalling system that are more difficult to 
drive.

Project independent facilitation of the driveability assessment 
might help to reach a consensus on the acceptability of the 
proposed change and the responsibilities for implementing 
hazard control measures, which can include features applicable 
to the railway infrastructure, the rules for operating the railway 
infrastructure, the trains themselves and/or the train driving task. 

The output of the driveability assessment can be used to inform 
decisions about the provision of any additional risk control 
measures (for example, train protection and warning system 
infrastructure) needed to reduce risk SFAIRP. 

What next ?
RSSB aims to support its members in implementing the new 
RGSs and RISs, to help project engineers and signalling 
practitioners understand what has changed, what has not 
changed and how to use the requirements to realise benefits in 
their work.

RSSB is continuing with further work to review and update the 
requirements and guidance on the following topics relevant to 
lineside signalling systems:

• Minimum signalling braking distances.
• Minimum deceleration distances to other than stop.
• Signing of permissible speeds and speed restrictions.
• Permissive working risk assessment.

The introduction of the ERTMS/ETCS to the GB main line 
railway means that the industry needs to understand how a cab 
signalling system can be safely integrated with train operations. 
The principles applicable to driveability also apply where the 
information is presented in the cab, however the parameters 

Figure 6 – simulation of the train driving task is becoming the norm. Photos Virgin Trains East Coast.
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are different. For example, the information provided by a 
lineside signalling system is intermittent whereas the information 
provided by a cab signalling system can be presented in real time 
and continuously updated.

Driveability of cab signalling systems is also influenced by some 
additional hazard precursors, for example on a dual-fitted line 
where information is duplicated in the cab and at the lineside; 
at a transition where the parameters of the information might 
change; and where multiple transitions along a line of route 
increase train driver workload.

Conclusion
Driveability is relevant to all types and configurations of 
signalling systems and will remain an important component of 
safe integration with train operations for as long as train drivers 
control the movement of trains. 

The application of techniques and tools to inform decisions 
about driveability will continue to evolve and improve over time, 
however the principles underlying its assessment will not change 
radically because they are based on human factors.

The current challenge facing the industry is to apply these 
techniques and tools in an efficient and effective manner so 
that the benefit outweighs the cost, and to avoid unnecessary 
bureaucracy and work creation.

This subject would benefit from a further revisit in a few years 
to comment on its application in the context of cab signalling 
systems.
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FEEDBACK
Re Saving Seconds
In April 2017 IRSE NEWS ex-president John Francis published 
a paper “Saving seconds” in which he described how methods 
by which trains might travel closer together may bring little, 
if any, benefit. John explained that such methods may not 
actually be possible without compromising safety and may 
result in a less efficient railway, as the behaviour of the lead 
train will dictate the performance of those following. John 
recommended that the practical way to improving capacity 
and to reducing delay would be to address the situations 
which detain or slow trains. Examples being those imposed 
by the track layout and the position of stations, junctions 
and other physical characteristics, and the way the railway 
is subsequently signalled. John also explained that there 
are some characteristics of semaphore signalling that when 
incorporated into the application of communication based 
solutions would allow trains to safely approach closer to 
occupied platforms, conflict situations, and to depart stations 
sooner. Gordon Callander has now provided his thoughts and 
experiences on the subject.

John Francis’s excellent article about optimising performance 
reminded me of many arguments I have had whilst developing 
signalling schemes on the former Southern Region, including 
Thameslink 2000.

I particularly enjoyed the suggestion that semaphore signalling 
is much better at dealing with congested station/junction areas. I 
am sure many members can think of areas where conversion from 
semaphore signals with absolute block working to track circuit 
block with colour light signals placed for non-stop train headway 
has resulted in fewer or poorer paths for the regular stopping 
service.

My introduction to inventive signal positioning was the 
1970s London Bridge Resignalling where signals were placed 
immediately at the platform ramp at the entrance to the station. 
The home signal was held at red until the train ahead was proved 
by track circuit occupation to be leaving the station and the line 
was clear to the overlap of the closing up signal. The closing up 
signal was itself at least at braking distance from the signal in rear 
of the home signal so no special controls were needed other than 
on the home signal. This arrangement worked well and saved 
many vital seconds in the peak hours though was less effective 
for shorter trains in the off-peak. Also, in the terminal platforms 
area, an additional ‘advanced starting’ signal was placed in the 
middle of the throat for departing trains. This allowed much 
earlier clearance of the platform starting signal and thus much 
prompter train despatch. 

Provided the signaller did not forget to set the route for the 
‘advanced starting’ signal, the departing train would see a 
green by the time the Driver got the Right Away. Yes, there were 
occasions, though very few over the years, when the ‘advance 
starting’ signal’s route was not set and short trains got gapped 
and had to be pushed by another train to pick up the conductor 
rail again. No signaller ever made that mistake twice! I note that 
in today’s arrangement at London Bridge, to avoid any risk of 
gapping trains I presume, the platform starter requires route 
ahead set from the ‘advanced starting’ signal and thus much of 
the advantage of having such signals has been lost as a result. 
Paranoia over delay minutes due to gapping perhaps?

Although not involved with the Brighton Line Resignalling, I 
noted with interest how the line capacity issue at East Croydon 
was handled. With the major timetable change in the early 1980s, 
all non-stop trains at East Croydon were eliminated and the 
signalling scheme developers took full advantage by reducing 
the ruling line speed through the station from 60 mph to 45 mph. 
This permitted even shorter overlaps and much shorter braking 

distances. In turn, it was therefore practical to provided full 
headway closing-up signals and substantially increasing overall 
line capacity. However, no sooner had the work started to install 
this new signalling than the 15-minute frequency non-stop 
Gatwick Express service was introduced.

Woking station presented a whole package of problems. There 
is just standing room between the platform starting signals’ 
overlap and the signals protecting Woking Junction, with the 
overlap extending through the junction. With 100 mph running 
on the fast lines, compliance with the 1/3 – 2/3 rule is also 
problematical. Add to this mix the fact that the ruling gradient is 
1 in 300, rising from London, that Woking has extended station 
dwell times due to passenger numbers and there are regular 
non-stop services together make this station difficult to efficiently 
signal. The solution my team devised was to place the home 
signals in the up direction at exactly 1/3 braking distance in rear 
of the platform starting signals which fortunately provided just 
enough standing room clear of the junction.

The down direction was much more difficult. Due to the 
extended dwell times, a closing-up signal was essential 
to achieve headway for stopping services. Because of the 
complexity of the pointwork on the approach to the station, 
the only feasible position for the closing-up signal was only 
enough for a ‘restricted overlap’ behind a 12-car train in the 
platform ahead. With a shorter 8 or 9 car train in the platform, a 
full overlap could be accommodated and thus the outer home 
signal was placed at braking distance in rear. The inner home 
signal was placed at braking distance from the junction signal 
to optimise headway for the non-stop services and repeated 
single yellow aspects employed on the closing-up and platform 
starting signals. However, all this work was done in the British Rail 
era but the design and build contracts were issued by Railtrack 
South West Zone and the inner home signals moved closer to 
the station. This resulted in the first caution signal for Woking 
Junction being in the West Byfleet area and the signalling is less 
efficient than it could be. 

The original specification for the core area of Thameslink 
2000 was one-minute dwell times, 12 car 20m coach trains and 
2-minute headway, this headway to recover any late running. 
Having quickly proved that a negative train separation was 
essential to achieve all three requirements, the 2-minute headway 
was dropped but a service of 24 trains per hour (tph) was still 
required. If all trains run to time and no train stays more than 
one-minute stationary then it is perfectly possible to achieve the 
24 tph with three aspect signalling. However, all it took for the 
service to be severely distributed was for one train to stand for 
more than 60 seconds, with each subsequent train to be even 
later than the one in front.

Ignoring the jibes about making the railway look like a 
Christmas tree, my team and I carried on with the research into 
getting the best possible headway for one-minute dwell and 12 
car trains. The key was wheel start of the departing train to wheel 
stop of the next arriving train. By placing the home signal for 
each station overlap clear of the train standing in the platform 
and a critically placed mid-platform signal, this critical time was 
optimised. If my memory serves me correctly, the best achieved 
was 83 seconds in one direction and 82 seconds in the other. 

When all trains ran to time, the only caution aspects the driver 
passed were at the home signal and the mid-platform signal and 
even not at every one of those signals. It was how trains passed 
through the area when there had been a small perturbation was 
going to be the measure of success of the signalling. With one 
train waiting at the home signal, the signal would clear when the 
train ahead was proved by track occupation to be on the move 
AND there was at least 12 car standing available ahead of the 
platform starting signal overlap AND the line was clear to the 
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mid-platform signal overlap. It was assumed that the driver of the 
arriving train would creep forward from the home signal and only 
accelerate properly when he/she saw the mid-platform signal 
display a yellow aspect. The position of the mid-platform signal 
was therefore key; too close to the platform entrance meant that 
the end of its overlap was closer and thus allow the home signal 
to clear too early but too far down the platform meant that the 
home signal was too late in clearing to enable the wheel start 
to wheel stop time to be as sort as possible. The aim was for 
the mid-platform signal to clear just before the driver reached 
the platform so that he/she would not be tempted to stop short 
of the platform believing it still to partially occupied by the 
departing train.

That was the theory. In practice, the one-minute dwell time is 
rarely achieved and many Thameslink drivers do not leave the 
home signal until it is showing at least two yellows. However, 
the same philosophy has been applied to the through platforms 
at London Bridge and with the introduction of new platforms 8 
and 9 earlier this year, the final signalling has been introduced 
in the up direction. The drivers will happily pass the home signal 
at a single yellow and approach the platform watching for the 
mid-platform signal to clear to a single yellow. The throughput 
of trains in the up direction has increased even though all trains 
(except empty coaching stock of course) now stop at London 
Bridge.

St Pancras station in the southbound direction presented an 
additional problem as it was not possible to place the home 
signal overlap clear of the platform, it would be in the middle 
of the junction turnout. An extra closing-up signal was added at 
the tips of the converging points with the home signal overlap 
clear of the junction. Again, the relative spacing between the 
home signal, the closing-up signal and the mid-platform signal 
are all finely balanced so that the arriving train starts away 
when the departing train is proved to be on the move and has 
cleared the closing-up signal’s overlap. The closing-up signal 
clears before the driver starts to brake to come to a stand at 

the signal and the mid-platform signal clears before the driver 
reaches the platform. This same arrangement has been applied 
at London Bridge station in the down direction but, to date, has 
only been fully commissioned in platforms 1 and 2. Currently 
no trains using those lines call at London Bridge and only once 
the full final signalling is introduced on platforms 7 and 8 in the 
down direction will it be possible to judge the efficiency of the 
signalling arrangement. 

The proposed cab signalling arrangements for the Thameslink 
Core will take advantage of additional signal sections in the 
platform areas, even more than the present colour light system, 
as described by John Francis in his article. The automatic train 
operation will eliminate the driver waiting for a double yellow 
so throughput will be improved. The critical element will be the 
dwell times which the signal engineer has no control over. One 
little quirk at St Pancras does intrigue me however. My team 
did not do the outline design for the new East Coast link and 
I noticed that an overhead electrification neutral section has 
appeared close to the junction on the link to the East Coast main 
line. If trains are not permitted to approach the closing-up signal/
marker board at red, then what devastation does this do to the 
platform re-occupation time? Time will tell. 

In summary, in does not matter what you do to improve 
signalling flexibility, it takes very little effort on the part of 
some third party to eliminate all your good efforts. All project 
managers, operators and train planners should obtain read and 
digest John’s article otherwise it is a waste of time getting the 
signal engineer to think outside of the box.

 Gordon Callander

What do you think?
We always welcome feedback and views from IRSE NEWS 
readers – just like Gordon’s in-depth response. Why not write 
to the editor (irsenews@irse.org)? 

INDUSTRY NEWS
Thales axle counter and technology seminar  
in Dresden

A new system of signalling through central London for the 
Thameslink route has now been approved for train movements 
using ERTMS/ETCS Level 2, although without trains carrying 
passengers yet. The first trials began in July 2017, but until 
recently the system could only be used during engineering 
possessions.
The next stage, which is likely to be the last stage before full 

activation, began early on Sunday 22nd October, when ETRMS 
was used to control trains between the East Coast Main Line and 
Farringdon station.
The approval is an important stage of the project as driver 

training is now possible when the line is open to ordinary train 
services. Passenger trains will continue to be controlled for now 
by conventional signals, supervised from West Hampstead and 
Three Bridges signalling control centres.
ERTMS will be essential as the core section of Thameslink is 

planned to carry 24 trains in each direction during peak times, 
which is planned for later in 2018. Once final approval is obtained 
from HM Railway Inspectorate at the Office of Rail and Road the 
system will control trains in passenger service sometime in early 
2018. 

Thameslink ERTMS progress

Approximately a hundred delegates from 21 different countries 
attended a two day seminar organised by Thales at the end 
of September 2017. This was the eighth such biennial event, 
and over the years it has progressed from being specifically 
focused on axle counter technology to one that also addresses 
much wider issues of new technology in railway signalling and 
operations.

On this occasion a number of the speakers addressed wide 
ranging issues of ‘digitalisation’ in the transport sector, including 
automation of railway operations and the impact of autonomous 
road vehicles on the competitive environment. Issues of reliability 
and new technology for wheel detection via fibre optic sensors 
were covered. There were also presentations from users of 
existing Thales products around the world, including China, 
India, Luxembourg and the UK. The seminar ended with a choice 
of technical visits to the Dresden Transport Museum or the 
Transport Faculty of the Technical University of Dresden.
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Making a success of Britain’s Digital Railway Programme
Francis How

A little over a year ago Mark Carne, the chief executive of 
Network Rail and David Waboso, managing director of the 
GB Digital Railway Programme, met with representatives of 
the Institution of Mechanical Engineers and the Institution of 
Railway Signal Engineers. Their request was that the engineering 
institutions engage with, support and communicate the 
importance of the Programme. 

In response, the IRSE has over the past 12 months run a series 
of workshops with industry representatives to discuss the key 
challenges facing the Programme. This has been done with the 
support of WSP, who facilitated and hosted the workshops.

The final output is an IRSE White Paper, which explores the 
challenges and opportunities associated with implementing the 
Digital Railway Programme. You can find it at irse.info/btshm.

On 17 January 2018 the IRSE is holding an evening event 
at which the conclusions and recommendations in the paper 
will be debated, with invited guests including Mark Carne and 
David Waboso. You can find more details and register to attend 
at irse.info/5z9yl.

The IRSE’s paper has been written at a time of major uncertainty 
and challenge for the railway industry in Great Britain. After years 
of unprecedented growth, there are signs of a slowdown. The 
industry is under greater scrutiny than ever about the justification 
for investment by the government, despite the pressing need for 
infrastructure enhancements. The nascent automation of road 

transport must be considered a real threat to parts of the rail 
market. Major investment in the railways during Control Period 5 
has faltered, with programmes of electrification and signalling 
being curtailed and signal engineers being made redundant. 

It is within this context that the GB Digital Railway Programme 
is endeavouring to make progress in planning and implementing 
a range of digital applications. These changes can transform 
an industry that is at risk of falling irretrievably behind its 
competitors. The paper is structured into seven key themes, 
which emerged through the workshop discussions. They cover a 
range of industry issues relevant to the Digital Railway:

• Aligning industry objectives.
• Targeted implementation.
• Confidence, collaboration and culture.
• Expertise to deliver.
• Contracting.
• Delivering efficiently.
• Technology options and optimisation.

The Programme is of critical importance for the railways’ future, 
moving us from yesterday’s technology to tomorrow’s in order to 
deliver a railway that is operationally fit for the 21st century, and 
playing a central role in the move towards ‘mobility as a service’ 
as part of an integrated national transport capability.

INDUSTRY NEWS

Mobile phone and data connections on trains for passenger use 
are now an expected facility by many customers of rail. When the 
IRSE was formed in 1912 the founders could not have imagined 
that the term “advancement for the public benefit” would, over 
100 years later, cover members who are involved in engineering 
such systems for the public benefit.

Providing the engineering to provide a reliable mobile phone 
service on a moving train travelling through the challenging route 
of a railway line presents many difficulties, and even more so for 
underground rail systems. However, passengers in Tokyo, Seoul, 
Berlin and Paris have all been able to use their mobile phones 
on the underground rail systems for several years, and now 
London Underground is moving a step closer in providing mobile 
connectivity for passengers.

In the summer of 2017, a trial of 4G mobile coverage on 
the Waterloo & City line by both Vodafone and O2 involved 
overnight testing in the tunnels to prove it was possible to 
provide connectivity from trains. The Waterloo & City line trial has 
given Transport for London (TfL) confidence that reliable voice 
and data connectivity for the public can now be achieved. All 
four of the UK major mobile network operators, Vodafone, O2, 
Three and EE, were involved in the design of the Waterloo & City 
line trial, with Vodafone and O2 carrying out the actual testing of 
the technical solution.  

While wireless internet has been installed on the concourse and 
platforms of most London Underground stations, making phone 
calls or surfing the web when the train is in motion between 
stations has not been possible. The project is the latest of 

several attempts to introduce mobile coverage on the London 
Underground, with previous attempts having failed because 
of commercial or technical reasons, such as the complexity of 
putting equipment into the narrow Victorian tunnels. 

TfL is now planning to invite proposals from telecoms 
companies and appoint a company by summer 2018. It then 
plans that mobile coverage will be rolled out across the 
underground network throughout 2019.

In the November 2017 budget the UK government also 
confirmed that it will shortly consult on commercial options to 
improve mobile communications for rail passengers and will 
invest up to £35m (€40m, $47m) to enable trials. This will be 
used to: upgrade the Network Rail test track in Melton Mowbray; 
install trackside infrastructure along the Trans-Pennine route 
between Manchester, Leeds and York; and support the rollout of 
full-fibre and 5G networks.

The chancellor also announced in the budget that £84m (€96m, 
$112m) would be provided for digital cab signalling, with £5m 
(€6m, $7m) allocated for developing digital railway upgrades in 
southeast England, east London, and to facilitate more frequent 
and reliable services on the Moorgate branch in London.

The UK government, as part of its recently announced industrial 
strategy, has stated that in future, infrastructure sharing and 
neutral host models, where service providers pay for access to 
networks owned and maintained by third-parties, could become 
more widespread. These would support dense networks in 
connectivity hotspots and to provide wide area coverage in hard 
to reach areas. 

Communications for the public benefit
Paul Darlington

http://irse.info/btshm
http://irse.info/5z9yl
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PROFESSIONAL LIVES

News from the IRSE
Francis How

IRSE MATTERS

 

Nominations for IRSE Council
A reminder that in January corporate members of the IRSE 
(Associate Members, Members and Fellows) will receive an 
invitation to make nominations for the vacancies that will arise 
on the IRSE’s governing Council next April. The November 2016 
edition of IRSE NEWS featured an article that explained what 
being a member of Council involves.

IRSE Netherlands 10th anniversary … and Brexit
On 25 January 2018 the Netherlands Section of the IRSE will 
celebrate the 10th Anniversary of its formation, with a special 
Presidential Programme meeting and dinner in Utrecht, Holland.

The event will take place at the Dutch Rail Museum in Utrecht 
(www.spoorwegmuseum.nl), starting at 15.00 and finishing at 
21.30. The event includes a technical paper by Andrew Simmons 
(Chief Systems Engineer, Digital Railway, UK) as part of the 
Presidential Programme series. There will also be an Address 
by our President, Peter Symons, as well as a celebration of the 
success of the Netherlands Section and a tour of the museum. 
The Technical Paper is on the subject of the potential effects of 
Brexit on railway signalling and communications. 

All IRSE members are very welcome to attend the Anniversary 
events. The presentations and tour are free, however there is a 
charge of €85 for the dinner and limit on the numbers of people 
who can attend it. For more information, visit irse.info/9kwbc.

If you wish to attend the presentations, or the dinner, or both, 
please email Tom Spronk (penningmeester@irse.nl) with your 
request.

IRSE 2018 Convention
Booking is now open for the IRSE’s 2018 Convention, taking 
place from 28 May to 1 June in Switzerland. 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. 

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/6qcy8). 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 – the 
application form is on the website. 

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

IRSE Exam
The overall pass rate for the 2017 IRSE Exam was 59% - the 
highest percentage for ten years, which is an excellent result. 
Congratulations to all those who passed their modules, and our 
thanks to all the examiners who worked magnificently to set the 
questions and mark all the papers. We will have more information 
about the 2017 Exam results in a future edition of IRSE NEWS.

IRSE Council
The IRSE’s governing Council met on 6 December, and the 
following topics featured in the discussions:
• The budget for 2018 was reviewed.
• Decisions were made about the choice of a new logo 

for the IRSE (more about this in a future edition of IRSE 
NEWS).

• Council nominations were agreed for the vacancies that 
will arise in April 2018.

• Revised and clarified criteria for the nomination of 
Honorary Fellows of the IRSE were agreed.

• Markus Montigel presented his proposed Programme of 
meetings and events for his Presidential year (2018-19).

• A new theme on Technology was added to the IRSE’s 
2015-2020 Strategy.

• Charles Page was appointed as the IRSE’s Local Section 
Coordinator, to provide advice and support for Local 
Sections.

• Reports were received from the International Technical 
Committee, the Younger Members’ Section, and the 
France, Ireland and Singapore Local Sections.

IRSE and Institution of Engineers Singapore  
to collaborate
At the IRSE’s flagship ASPECT Conference at the end of 
November the IRSE and the Institution of Engineers Singapore 
(IES) signed a memorandum of understanding (MoU), 
committing the two organisations to work together in supporting 
the professional development of engineers in the region. 

The signing took place at the opening of ASPECT in 
Singapore, as shown in the photograph below. Peter Symons, 
President of the IRSE, and Edwin Khew, President of the IES, 
signed the MoU in front of an audience of over 200 delegates. 
The MoU commits the organisations to collaborating on events, 
exploring opportunities for mutual recognition of qualifications 
and for using the IRSE’s Licensing Scheme in Singapore, 
developing training courses, and publishing educational 
material.

http://www.spoorwegmuseum.nl
http://irse.info/9kwbc
mailto:penningmeester%40irse.nl?subject=
http://irse.info/6qcy8
http://www.irsecon18.ch
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Gaining membership of the IRSE can be a significant moment 
in any signalling and telecomms engineer’s career, as can 
being elected to one of the higher grades of membership. 
The process can seem daunting though, so this month 
Judith Ward explains what’s involved in applying for 
membership, and what goes on behind the scenes as your 
application is processed.

HonFIRSE
FIRSE
MIRSE
CompIRSE
AMIRSE
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MEMBERSHIP MATTERS

Current Membership: 5237

ADMISSIONS
We have great pleasure in welcoming the following members 
newly elected to the Institution:

FELLOW

AFFILIAtE

tRANSFERS
MEMBER tO FELLOW

Dimelow A J Siemens UK

Rana A K Network Rail UK

Agwuncha O U Network Rail UK
Berruezo Ruch A ADIFSE Argentina
Cook T Retired UK
Dartnell C Colas Rail UK
Dods I M Tallylyn Railway UK
Fu Y Network Rail UK
Hayes A Hitachi UK
Kashikar S ARDE India
Khan A A Kilborn Consulting UK
Khare S Student India
Koshy Varghese J Student India
Kumar R Student India
Lee T K WSP China
Lister D J Mott McDonald UK
More S Student India

RE-INStAtEMENtS

ENGINEERING cOUNcIL REGIStRAtIONS
Congratulations to member Hayes I who has achieved final stage 
IEng registration.

Alburikan A Saudi Railway Saudi Arabia
Anwar M DFCCIL India
Burnwal M K DFCCIL India
Chin L S Siemens Singapore
Huggins R M Network Rail UK
Khan M T H Egis India India
Sreetharan J PMCC International Malaysia

ASSOcIAtE MEMBER tO MEMBER

Atlas F D Benito Roggio 
Ferroindustrial

Argentina

Fukuta Y East Japan Railway Japan
Kunifuji T East Japan Railway Japan
Velayutham S K Ansaldo Australia

ASSOcIAtE MEMBER

Tjioe H and Vincent L.

MEMBER
Ballantine P J Relays Australia
Endo H East Japan Railway Japan
Fleuret F Systra France
Hall J T HA11 Consulting Australia
Hattori T East Japan Railway Japan
Hidaka D East Japan Railway Japan
Hirose K East Japan Railway Japan
Ito H East Japan Railway Japan
Kato K East Japan Railway Japan
Kohmoto-Miura S East Japan Railway Japan
Komukai H East Japan Railway Japan
Nakada N East Japan Railway Japan
Ngamkajornwiwat T Bombardier Thailand
Okada A East Japan Railway Japan
Permalu S V Gamuda Engineering Malaysia
Perrin D T Opus International 

Consultants
Australia

Shue K BNSF USA
Sun J Ansaldo USA
Suzuki M East Japan Railway Japan
Tomioka M Japan International 

Consultants for T’portation
Japan

Ubukata R East Japan Railway Japan
Umehara S East Japan Railway Japan
Van der Zee S Alstom Netherlands
Willams L GHD Australia

AFFILIAtE tO MEMBER
Feely R Irish Rail Ireland
Thompson N J Network Rail UK

AccREDItED tEcHNIcIAN
Mendez Tovar I ILF Consulting Engineers Mexico

Mui D T W MTR Hong Kong
Parker I Irish Rail Ireland
Singh M Bombardier Netherlands
Tran T WSP China
Van der Schoor C Bombardier Netherlands
Yadav G Student India

AFFILIAtE (cONtD)

AFFILIAtE tO ASSOcIAtE MEMBER
Grimes D E SNC Lavalin UK

AccREDItED tEcHNIcIAN tO ASSOcIAtE MEMBER
Round R Atkins UK

AFFILIAtE tO AccREDItED tEcHNIcIAN
Huffer M J Volker Rail UK
Loveless S J Siemens UK

RESIGNAtIONS
Batley P, Boydell S J, Bryan J C, Carson M I, 
Christelow M M,  Coverley H S, Cross A S, Duffy, M, Erb A, 
Fray J, Gledhill J, Gobetz P L, Hawkins S, Hu C, Jones D, 
Jones T A, Lewins S, Luthardt S, McCulloch R D, McEwen M, 
McKie S J, Naughton J J, Panait A, Parry K L C, Petrie G W, 
Pfleger H, Pollock P, Porton A J, Pringle M S, Pyle A, Rhodes L A, 
Richards C S, Scott-Kelly D, Tracey I L, Tyers J, Van Rijn A, 
Visser H J, Weightman A, Wheal P and Ylikoski J E.

DEAtHS
It is with great regret that we have to report the death of 
members Cisman R, Goddard E, Gomez S and Northover D.
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Section A - PERSONAL INFORMATION: 

Please write clearly using BLOCK CAPITAL LETTERS or download the form from www.irse.org.

 
 

Category of Membership you are applying for:  

Current category of IRSE Membership: (if applicable) Membership No.: 

IRSE Licence Holder:      Yes/No Licence No: 

 

                                  
                                  

                      Please indicate preferred Mailing Address with an X below: ▼ 

Please show your name as you would wish it to appear on your 

membership certificate. (Note the certificate will show your First 

name(s) followed by your Surname) 

Address: 
 
 
 
Postcode: 
Telephone:    

Email: 

 

 
Title (Mr/Mrs/Ms/etc): 

 
 
Surname (family name): 

 
 
First name(s): 
 
 
 
Date of Birth (dd/mm/yy):

Employer and Address: 

 
 
 
 
Postcode: 
Telephone:    

Email: 

 

 
Section B – DECLARATION OF APPLICANT:

 
Declaration by Applicant: I, the undersigned, certify that the details given by me on this form are correct and in 

the event of my election, I will be governed by the Articles of Association, Bye-Laws & Code of Conduct of the 

Institution of Railway Signal Engineers.     (See note 4 below) 

Signature:   
Date: 

 
Section C – DECLARATION OF PROPOSERS:

 
Declarations of Proposers. We the undersigned, having read the particulars on this form, and from personal 

knowledge of the applicant, recommend election/transfer to the category of membership shown. (See notes 1, 2  

and 3 below) 

Name: 
Cat: Mbr No. Signature: 

Initials: 

Name: 
Cat: Mbr No. Signature: 

Initials: 

 
Notes: 
1. Minimum requirements for Proposers are: 

 For the category of FELLOW: Two Fellows. 

 For the category of MEMBER or ASSOCIATE MEMBER: Two Members; or one Fellow and one Member, or two Fellows. 

2. The attention of Proposers is particularly drawn to the IRSE Bye-Laws, which define the qualifications and requirements for 

each category of membership on which your above recommendation is based. 

3. Proposers are asked to initial those details of the applicant’s qualifications and experience of which they have personal 

knowledge. 

4. The applicant must obtain the signatures of the two Proposers. 

 
Section D – OFFICE USE ONLY

Recommended for 

election/transfer as: 
 Date:  

 
Application No: 

     

For Office Use Only: 

 

 

 

Fellow, M
em

ber, Associate M
em

ber – Application Form
 

IRSE E-MEMBERSHIP 

E-members receive membership literature electronically 

and pay reduced fees.  If you would like to become an 

E-member please tick this box. 

 
For details of E-membership please visit the IRSE website; 

click on Membership and then Subscription rates.

application

Processing

Notification

Payment

Success!

Make sure you have 
downloaded the latest version 
of the appropriate membership 
form from our website,  
irse.info/4bckm.

Fill it in carefully and make 
sure you have provided all the 
information indicated on the 
last page.

We will confirm receipt, check all details 
and enter them into our database. When all 
queries have been resolved, applications 
are prepared for the Membership and 
Registration Committee.

Post

Transfers

For new applications 
from India and 
Australasia you will 
hear the result via 
your local Section.

For ALL new 
applications:  
You must pay your 
first subscription.

New 
members

New 
members  
India and  

Australasia

You will receive your certificate (and for new members a 
copy of the Code of Professional Conduct). You are then 
able to use designatory letters (MIRSE etc) if appropriate.

Start here

PROFESSIONAL DEVELOPMENT
The IRSE membership process

Judith Ward, Professional Development Manager, IRSE

http://irse.info/4bckm
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If you still have any doubts or questions, please don’t hesitate 
to ask IRSE headquarters (hq@irse.org) or your local section. 
We’re always happy to help!

3

4

5

6

Checking

Membership and 
Registration Committee

IRSE Council

Preparation

Sometimes we have questions which you 
or your proposer(s) need to answer – or for 
Indian applications, your local Section needs 
to verify.

Questions

Application forms and 
attachments

Queries
All applications and transfers are 
considered by the Membership and 
Registration Committee who meet  
around six times every year.

All applications and transfers approved 
by the Membership and Registration 
Committee are ratified by Council who meet 
around six times every year.

Queries

We’ll write to let you know the decision, and we’ll 
prepare your membership certificate.

Help us to help you! 
To reduce delays in processing your application, please check that:

• All relevant sections have been completed.
• Your proposers meet the minimum requirements for the grade you 

are applying for.
• Your proposer(s) have signed and initialled all relevant sections.
• Your responsibility statements match the grade you are applying for.
• For applications from India the Indian Section has verified your 

application.

New 
members

New 
members  
India and  

Australasia

mailto:hq%40irse.org?subject=
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MINOR RAILWAYS SECTION

The weekend of 9 and 10 September saw the 7th Technical 
Workshop organised by the Minor Railways Section and 
generously hosted again by Isobel and Andy Knight at Signet 
Solutions Ltd, Kelvin House, Derby.

This year’s sponsor was John Tilley of Senalizacion Ltd, and the 
topic for the weekend was AOCL level crossings. Mr Tilley was 
HMRI’s principal inspector of level crossings and is, therefore, 
somewhat of a level crossing ‘guru’!  

The course was attended by 12 delegates representing the 
South Tynedale, the North Yorkshire Moors, the Wensleydale, 
the Kent & East Sussex, the Ffestiniog & Welsh Highland, the 
Foxfield and the Corris railways together with Green Dragon Rail. 
Hence lines of all types and gauges were represented.

John commenced by providing a fascinating history of level 
crossings and a description of the many types which can be 
found. He highlighted several of the accidents both old and more 
recent which have driven changes in both the legislation and 
design of crossings. 

He then moved on to identify the legal process for permitting 
a level crossing, the ‘Level Crossing Order’, and to explain in 
detail how the various pieces of legislation for both rail and road 
owners and users fit together. The process for drafting an Order 
was described, which included the basic constructional needs of 
the site and, particularly, the need for a detailed plan of the area. 
There are very specific requirements for road signs, and it is here 
where the division of responsibility transfers from the rail to road 
authorities.

Signet’s trainer, Mick Sawyer, then took over from John to start 
detailing the requirements of one particular type of crossing, 
the AOCL or Automatic Open Crossing, Locally monitored (Who 
comes up with these terms??). This is essentially a crossing whose 
road lights sequence is started automatically by the approach 
of a train. Provided that the system is working correctly, the 
train driver receives a flashing white light as he approaches the 
crossing.

Mick provided details of the equipment required and its layout 
and we discussed the introduction of LIDAR and RADAR as a 
means of obstacle detection. He then went through the electrical 
circuits in some detail. This identified that, as in many complex 
control systems, there are some requirements which almost 
conflict with each other, all of which need to be considered and 
then prioritised to provide the final arrangement.

On Saturday night, the delegates met for a ‘networking’ meal 
where many ideas and problems were discussed. As ever, each 
railway is unique, and all have individual operating problems and 

solutions. One of the common problems is that car drivers don’t 
always appreciate what a flashing red light means!

Sunday morning started with Mick providing details of the rules 
and instructions applying to an AOCL. We then moved on to 
use the superb in-house facilities at Signet, where a full working 
crossing installation was available to examine and carry out fault 
finding.

This allowed the delegates to get real hands-on experience with 
Mick applying various faults including a simple, but probably not 
immediately obvious one: The setting of the time clock, which is 
needed to silence the acoustic alarm during the night.

The course finished with a review of some of the more recent 
changes with the introduction of Red Light Cameras and the 
move towards PLCs (programmable logic controllers) for the 
controlling functions.

Even for those people from railways without an AOCL, the 
principles of the management of any crossing remain the 
same, and this course provided an excellent reminder of the 
duties which Minor Railways have in installing, maintaining and 
operating their crossings. 

The Minor Railways Section is always open to suggestions for 
topics for these courses and is contactable though the IRSE 
website. 

Finally, thanks from the Section to John Tilley and Signet 
Solutions for their continued support for these events.

Level crossing workshop
Ronald H Whalley 

Does it really work like that?

For more information 
on IRSE activities visit 

our website

Do we have your most up to 
date details?

The best place to visit for information 
on institution membership, activities, 
publications and up-to-date news is our 
website at www.irse.org.

Please take the time to check your details on our 
new database system. Visit www.irse.org, click on 
the Login to IRSE link, enter your email address 
and password, and click on My Record on the left 
hand side of the screen.
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YOUNGER MEMBERS SECTION
IRSE Examination modules 2/3 and 5 study day, 1 – 2 July 2017

Vivich Silapasoonthorn, section secretary 

Once again, an annual IRSE Examination Module 2, 3 and 5 study 
weekend took place on 1 – 2 July 2017, supported by Signet 
Solutions Ltd at their training centre in Derby. For the past nine 
years, Signet has facilitated the IRSE Exam Study Day delegates 
to experience, adjust and test their various types of equipment, 
including an NX panel, lever frame and various types of point 
machines in order to better understand how they function. 
The use of these facilities is invaluable to attendees, as it helps 
them to understand various parts of the signalling system. This 
enhances their awareness and broadens knowledge that may 
help them when tackling the exam.

This study weekend was led by Peter Woodbridge. The event 
catered for those either looking to take the exam modules in 
2017, considering undertaking the exam in 2018 or subsequent 
years or just widening their awareness more generally.

The Saturday session started with a welcome brief from Andy 
Knight, followed introductions by Peter Woodbridge, Reuben 
Dakin and the other volunteers. Peter outlined the programme of 
the study weekend before dividing everyone into groups based 
on their exam preferences and consideration of mock exam 
questions they had completed previously.

Module 2 classroom session attendees disappeared into a day 
of headway calculations and signal layouts led by Dorothy Pipet 
of Alstom or Module 3 control tables with Reuben Dakin of 
Signet. The remaining delegates, looking to focus on the written 
questions of Modules 3 and 5, started with introductions from 
Peter Woodbridge, Russell Withington and Jesper Phillips (all 
from Siemens), providing insight on how to approach both 
studying for and answering the exam questions before separating 
into a range of parallel sessions on particular topics. These 
provided the group with discussion of various exam questions 
both on signalling principles and applications, the aim being 
to encourage interaction between the delegates. This allowed 
volunteers to clarify their understanding, provoke discussions on 
the various topics and aid learning.

Signet’s practical facilities provided an opportunity for many 
of the delegates, who would not usually get an opportunity to 
get up close and personal with wayside equipment. Dan Heeley 
and Richard Atkinson, both of Network Rail, led the overview, 
providing insight on how to configure and maintain the 

equipment. Equipment demonstrated included HW points, 
clamplock points, TI21 track circuits, signal heads, an SSI 
Interlocking and even a mechanical ground frame. 

For those serious about the 2017 exam, the following morning 
kicked off with an exam paper that could be performed under 
a range of different conditions. A few opted for full exam 
conditions but others were able to call upon support from a 
roving tutor,. These sessions allowed delegates to put Saturday’s 
knowledge into practise and experience the reality of an IRSE 
exam room. In parallel, there were other sessions for those not 
aiming for the exam this year. While some went off to learn 
the principles of mechanical interlocking, others tested the NX 
panel, viewed the geographical relay interlocking rack (learning 
how it was considered to be the ‘modular signalling of its day’) 
or operated an AHB level crossing from track circuits and local 
control unit. 

In the afternoon, the volunteers ran a range of sessions to go 
over the most popular exam questions, allowing delegates to 
review their performance and discuss how they could improve.

Once again, without the support from Signet, the experience 
and advice of the volunteers and the enthusiasm of the 
delegates, the event would not have been the huge success that 
it was. 

The Younger Members committee would like to say thank 
you to Signet Solutions, including Andy Knight, Reuben Dakin 
and Isobel Knight for hosting the day and providing all the 
facilities, lunches and refreshments. The committee also thanks 
Peter Woodbridge for organising the event and investing a 
significant amount of time and effort in ensuring the event was 
a huge success. Without him, the event really would not have 
been possible. Finally, we need to thank the other volunteers 
who gave up their weekend and evenings running up to the 
event to provide support and guidance to the exam hopefuls: 
Dan Heeley, Dorothy Pipet, Russell Withington, Jesper Phillips 
and Richard Atkinson. Someone who could not be there on the 
day but had done a huge amount of the pre-event organisation, 
administration and correspondence with delegates was 
Janaki Karuppaiah from Network Rail; the event would not have 
run so smoothly if not for all her efforts.

Eager attendees and organisers ready for two days of IRSE Exam study.
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PAST LIVES
Paul Bates BSc (Hons) CEng FIET FIRSE

We were shocked and 
saddened to learn of 
the death of Paul Bates 
who passed away on 
3 November 2017 
following a short illness. 
Paul was educated in his 
native Yorkshire where 
he graduated from the 
University of Huddersfield 
in Electrical and Electronic 
Engineering in 1981. 
He started his railway 
career at the British Rail 
signalling design office 
in York and went on to 
work with a number of 
UK companies including 
Alstom, Bovis, GE 
Transportation Systems (as 
Managing Director from 
2004 to 2008), Thales, 
Network Rail and, most 

recently, with WSP where he was the Director, Digital Railway. 
Paul was the IRSE’s Thorrowgood Scholar in 1988 and maintained 
a strong commitment to mentoring and encouraging younger 
engineers throughout his career. 

Paul, right, with David Waboso. 

Many of our members have commented on the sad loss of Paul, 
here is a selection from the messages received.
“Paul was a highly pragmatic and intelligent signalling engineer 
and I was looking forward to working with him as we delivered 
digital railway. He was looked up to by all members of the team, 
many of who he mentored. We will all miss him but he has left a 
great legacy including the groundbreaking Thameslink project 
on which he played such a major role.”    David Waboso

“Sad to hear of the passing away of Paul Bates, an inspiring 
leader and engineer. “      Ian Fazakerley 

“I was told of the sad news that Paul Bates has passed away, he 
very recently did a fantastic job on the Thameslink programme. 
Whilst Paul would always challenge he was one of the good 
guys, I know from an South East route and Thameslink 
programme point of view he will be sorely missed. Whatever 
you’re up to now mate I salute you.”          
        Paul Percival and the South East route

“I knew Paul closely for 30 years. He was my bossy principal 
technical officer, mentor and mate. We were recently at the 
Huddersfield v ‘Toon’ game. Really saddened to hear the news.”  
     Antony Kornas

“Sad news, one of the few that I could call a railwayman.”   
     David Gregory

“Paul and I have worked together over many years, and he will 
be sorely missed.  Paul was instrumental on the Thameslink 
Programme in turning the initial feasibility analysis into a fully-
staffed delivery project – building a high-performing team to 
solve the challenges and hit the milestones – the part of his work 
he liked the best.  A really sad loss to all that knew and worked 
with him.”          Chris Binns

“Paul’s vision, drive and determination is the reason that 
Thameslink is on the brink of commissioning ATO over ETCS 
through the core area. We have lost an inspirational engineer 
and a friend.”        Jon Hayes

Paul’s partner, Janice, has asked us to share the following 
message with everyone who knew Paul:

“I’d like to express my heartfelt thanks to everyone within the rail 
industry who attended Paul’s funeral. It was a great accolade to 
Paul and he would have been amazed and very honoured that so 
many people came to pay their respects.

I am deeply touched by the many praises and tributes paid to 
Paul and for the generous donations made on his behalf to the 
Yorkshire Air Ambulance and British Legion.

Everyone may be happy to know that Paul’s ashes will be 
scattered in the grounds of the John Smiths’ Stadium, home of 
his beloved Huddersfield Town, which will probably be his most 
triumphant accolade!”

Paul leaves a considerable legacy of successfully completed 
projects, most notably the Thameslink ETCS/ATO system 
currently being brought into operational service by Network 
Rail and GTR. His latest contributions, whilst with WSP, were 
the development of schemes within the UK Digital Railway 
programme as well as assisting Queensland Rail in their 
implementation of ETCS in Brisbane, Australia. Paul was a Fellow 
of both this institution and the IET and was universally recognised 
as an authority on the delivery of complex technology-based 
signalling systems on both metro and main line railways. It was a 
privilege to have worked with Paul – he was a truly inspirational 
leader who motivated all those he led. He was a constant source 
of encouragement and never allowed temporary difficulties to 
get in the way of a successful outcome. 
Paul’s greatest passion outside his professional life was football; 

he was a life-long supporter of Huddersfield Town and attended 
their matches whenever he could. Those of us who worked with 
him quickly learnt the importance of studying the weekend’s 
league results as part of the preparation for his regular Monday 
morning team meetings!
Paul’s untimely death at the age of 58 has deprived the 

profession of one of its leading contributors and he will be 
deeply missed by his wide circle of industry colleagues in the UK 
and beyond. We offer our sincerest condolences to his partner, 
Janice, and the rest of Paul’s family. 

      Paul Booth
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Chief Executive Officer 
IRSE, Central London
Here is a unique opportunity for a suitably qualified and 
experienced individual to lead the international professional 
Institution for engineers working in railway control and 
telecommunication systems. With more than 5,200 members 
worldwide and 6,500 licence holders, the IRSE is the leading 
institution for the sector.

Accountable to the IRSE’s governing council, the successful 
candidate will join at an exciting time and lead the 
organisation in shaping and implementing its strategic aims 
over the next three years. 

Candidates will ideally be a Chartered Engineer, or have 
a similar qualification, as well as connections to the rail 
industry. Previous senior level experience, with the ability 
to lead the team of staff and engage with all stakeholders 
including members, industry representatives and the public, 
is essential.

Interest is welcomed from applicants who are seeking a 
part time (2-3 days/week) or full time role for an initial three-
year term, starting in June 2018. There is a requirement for 
some international travel. 

For more information contact francis.how@irse.org. 
To apply, send your CV with covering letter to the same 
address.

A huge thank you to 
everyone who at the IRSE 
Scottish Section Annual 
Dinner in November who 
generously contributed to 
another record-breaking 
fundraising total for Railway Children. Over the past three years 
Andy Ridout, Group Managing Director of specialist recruitment 
consultancy Advance TRS, has championed the children’s charity 
with a heartfelt plea at the annual event, raising more year on 
year.   

This year we have yet again topped the previous year’s 
donations with a whopping total of £3,623.37! This is 
exceptional. In light of the incredible effort, Andy generously 
topped up the donations to £4,000. 

“There’s not enough I could say to thank the members of the 
IRSE Scottish section for their substantial donations in Glasgow. 
Your donations will go towards helping the most vulnerable 
children worldwide. It’s so inspiring to see so many from the 
rail industry come together to change the lives of thousands of 
disadvantaged people every year” explained Andy Ridout.

Railway Children is an international children’s charity, with 
outreach teams operating out of the UK, India and East Africa. 
Donations help to fund street teams that seek out children living 
in squalid conditions on the streets, where the charity’s team of 
experts can meet the child’s immediate needs and attempt to 
reintegrate them back into normality.

Railway Children run a number of challenges each year for 
people to participate in to raise money and awareness, from 
climbing the Great Wall of China to participating in the London 
Santa Run. 

The Charity says “We cannot thank you enough for your support 
already, but please don’t let it stop there. There are many ways 
your continued support can change the lives of young people in 
the UK and abroad. Thank you.” 

Thank you IRSE Scottish Section! 
another £3,623 raised for  

Railway Children

INDUSTRY NEWS

In IRSE NEWS next month ...
• Potential impacts of Brexit on signalling
• ASPECT 2017, the IRSE’s flagship conference
• ERTMS, from testing and commissioning to operation 

and maintenance
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MEMBERSHIP MATTERS
aDMISSIONS
We have great pleasure in welcoming the following members 
newly elected to the Institution:

FELLOW

aFFILIaTE

TRaNSFERS

MEMBER TO FELLOW

Rozaq M A PT Len Industri Indonesia
Tembo C Network Rail UK

Surakusumah T PT Len Railway Systems Indonesia
Tai Y T MTRC Hong Kong

Alashe A Siemens UK
Allen W P T Interchange UK
Bara U A Siemens UK
Barton D Network Rail UK
Brown R P Wensleydale Railway UK
Cargill D Siemens UK
Carr A R Network Rail UK
Coghlan J Tube Lines UK
Coles A Pacific National Australia
Dumitrascu B M Amey UK
Garvey R Hitachi Information Control UK
Gholamzadeh A Balfour Beatty UK
Green J London Underground UK
Hassall J E Siemens UK
Hesford J Siemens UK
Ismail N N P Network Rail UK
Kannan S Siemens UK
Kawahita P OPUS Australia
Kwong W Y MTRC Hong Kong
Lau Y L MTRC Hong Kong
Mohd Arsad M O Mass Rapid Transit Malaysia
Ojeah E Siemens UK
Palmer C M Siemens UK
Peters E Metro Trains Sydney Australia
Sharma P Siemens UK
Stewart A Siemens UK

RE-INSTaTEMENTS

ENGINEERING COUNCIL REGISTRaTIONS
Congratulations to members Baggott G and Bint M who have 
achieved final stage IEng registration. Also to members Benetti S, 
Biggs L and Luck N who have achieved final stage CEng 
registration.

Burrows M Siemens UK
Butterfield R Network Rail UK
Kamil S PT Len Railway Systems Indonesia
Munarto M A PT Maktekindo Indonesia
Nitesh K Serco Middle East UAE
Ransome J N JNR Resource Ltd UK
Singh Matharu H D Wabtec Australia
Spencer S Network Rail UK
Wahyu Nugraha S PT Egis International Indonesia
Wong D L H UGL Engineering Australia

aSSOCIaTE MEMBER TO MEMBER

Risica R Bombardier USA
Yagi M Nipon Signal Japan

aSSOCIaTE MEMBER

Barber I, Casazza A, James M, Kaicheng L, Kalal V, Lynn G, 
Monti C and Pignard F.

MEMBER
Danyluk J Frauscher USA
Ebourne R RE-Signalling Ltd UK
Elliott T P Amey Colas UK
Feely B Mott MacDonald UK
Soares V M P DEG Signal UK
Turner J Mott MacDonald UK

aFFILIaTE TO MEMBER
Buchan N Network Rail UK

aCCREDITED TECHNICIaN
Ashley J Resonate UK
Atesh T Network Rail UK
Doyo PT Len Railway Systems Indonesia
Hidayat T G PT Len Railway Systems Indonesia
Luveniyali M H Self-employed UK
Maulana Hizbullah A PT Len Railway Systems Indonesia
Riki Rusady A PT Len Railway Systems Indonesia
Sandra S PT Len Railway Systems Indonesia
Turner J Network Rail UK

aFFILIaTE TO aSSOCIaTE MEMBER
Davies C L Linbrooke UK
Rao X Systransis Switzerland
Shaik N Arcadis Australia

RESIGNaTIONS
Akbari M, Andrew R A, Barnard R F, Bates A N, Bhayat 
A, Buurman J C, Campbell P S, Coleman N, Cooper R D, 
Cornelius P J P, Du Plooy D J, Gehrenbeck J-J, István G, 
King G, Love A K, Marsden M, McDougle J A, Neep P, Newby 
S, Radford L, Rossignol P J, Sauro P, Tso K K, Veldman E K G, 
Wilton R, Woodman S and Zoledziejewski S. 

DEaTHS
It is with great regret that we have to report the death of 
members Bates P H and Crawford A C.

Current Membership: 5299

COMPaNION 
Agarwal M Siemens India
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